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China’s Lost Civilizations – Where the PRCs Innovation Went & Why It’s Coming Back Soon 

By David A. Scott, Ph.D., J.D. 

I 

 

 

Overview 
My lifespan encompasses the era when the United States of America was 

capable of launching human beings into space. Some of my earliest 

memories are of sitting on a braided rug before a hulking black-and-white 

television, watching the early Mercury & Gemini (later the Apollo) missions. 

Last summer— at the age of 52 —many of us watched on a flat-screen as 

the last Space Shuttle lifted off the pad (a program I twice served, providing 

technical support, in my adult career).  I have followed the dwindling of the 

space program with sadness. Where‘s the envisioned space station? Where‘s 

my ticket to Mars? Space exploration has always had its detractors. To 

complain about its demise is to expose oneself to attack from those who 

have no sympathy that a middle-class, middle-aged American has not lived 

to see his boyhood ‗Star Trek‘ fantasies fulfilled.   

Still, I worry that our inability to match the achievements of the 1960s space 

program might be symptomatic of a general failure of our society to get big 

things done. My parents and grandparents witnessed the creation of the 

airplane, the automobile, nuclear energy and the computer to name only a 

few. Scientists and engineers who came of age during the first half of the 

20th century could look forward to building things that would solve age-old 

problems, transform the landscape, build the economy and provide jobs for 

the burgeoning middle class that was the basis for our stable democracy. 

The Deepwater Horizon oil spill of 2010 crystallized my feeling that we have 

lost our ability to get important things done. The OPEC oil shock was in 

1973—almost 40 years ago. It was obvious then that it was crazy for the 

United States to let itself be held economic hostage to the kinds of countries 

where oil was being produced. It led to U.S. President Jimmy Carter‘s 

proposal for the development of an enormous synthetic fuels industry on 

American soil. Whatever one might think of the merits of the Carter 

presidency or of this particular proposal, it was, at least, a serious effort to 

come to grips with a ‗big‘ problem. 
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Little has been heard in that ‗big problem‘ vein since. We‘ve been talking 

about wind farms, tidal power and solar power for decades. Some progress 

has been made in those areas, but energy is still all about oil. In early 2011, 

I followed proceedings from a conference called Future Tense; where some 

lamented about our far broader inability as a society to execute anymore on 

the ‗big‘ stuff. Key speakers had, through some kind of blind luck, struck a 

nerve. The audience at Future Tense reflected confidence than that science 

fiction [SF] had relevance—even utility—in addressing the issue of 

prompting future R&D advances. I heard two theories as to why: 

 The Inspiration Theory. SF inspires people to choose science and 

engineering as careers. This used to be undoubtedly true. 

 The Hieroglyph Theory. Good SF supplies a plausible, fully thought-

out picture of an alternate reality in which some sort of compelling 
innovation has taken place. A good SF universe has a coherence and 

internal logic that makes sense to scientists and engineers.  

o Examples include: Isaac Asimov‘s robots, Robert Heinlein‘s 

rocket ships and William Gibson‘s cyberspace.  

o As Jim Karkanias of Microsoft Research puts it, ―such icons serve 

as hieroglyphs — simple, recognizable symbols on whose 
significance everyone agrees‖. 

Researchers and engineers have found themselves concentrating on more 

and more narrowly focused topics as science and technology have become 

more complex. A large technology company or lab might employ hundreds 

or thousands of persons; each of whom can address only a thin slice of the 

overall problem. Communication among them can become a nest of email 

threads and PowerPoints. The fondness that many such people have for SF 

reflects, in part, the usefulness of an over-arching narrative that supplies 

them and their colleagues with a shared vision. Letting them work toward an 

agreed-on goal is something more like a free and largely self-coordinated 

market of ideas. Coordinating their efforts through a ‗command-and-control‘ 

management system is a little like trying to run a modern economy out of a 

Politburo...but wait…isn‘t that EXACTLY what the People‘s Republic of China 

is doing quite astoundingly successfully right now? 1  How did that happen? 

SF has changed over the span of time I am talking about—from the 1950s to 

now. Speaking broadly, the techno-optimism of the ‗Golden Age‘ of SF has 

given way to fiction written in a generally darker, more skeptical and 

ambiguous tone. Much of contemporary SF deals a lot about hackers, 

                                                 
1

 Scott (2012); “The Rooster & The Dragon: China’s Game-Plan for Science & Technology Innovation”. 
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cybercrime and cyber warfare—featuring trickster archetypes who exploit 

the arcane capabilities of complex systems devised by faceless others. 

Believing we have all the technology we‘ll ever need, perhaps we seek to 

draw attention to its destructive side effects. This seems foolish now that we 

find ourselves in stark reality rather than SF; saddled with technologies like 

Japan‘s ramshackle 1960‘s-vintage reactors at Fukushima. The imperative to 

develop and implement new technologies on a heroic scale no longer seems 

like the childish preoccupation of a few nerds with slide rules. It‘s the only 

way for the human race to escape from its current predicaments. Too bad 

we‘ve forgotten how to do it while China is on track to re-discovering the 

recipe for innovation. 

China is frequently cited as a country now executing on Big Stuff.  There‘s 

no doubt they are constructing dams, high-speed rail systems and rockets at 

an extraordinary clip. But those are not fundamentally innovative. Their 

space program, like all other countries‘ (including our own), is just parroting 

work that was done 50 years ago by the Soviets and the Americans. A truly 

innovative program would involve taking risks (and accepting failures) to 

pioneer some of the alternative space launch technologies that have been 

advanced by researchers all over the world during the decades dominated by 

rockets. China recognizes this and has collectivized around a strategy that 

capitalizes on re-creating the ecosystem for S&T based upon rediscovering 

their lost innovation civilization; evidenced throughout their ancient history. 

Imagine a factory mass-producing small vehicles, about as big and 

complicated as refrigerators, which roll off the end of an assembly line, are 

loaded with space-bound cargo, topped off with non-polluting liquid 

hydrogen fuel and then exposed to intense concentrated heat from an array 

of ground-based lasers or microwave antennas. Heated to temperatures 

beyond what can be achieved through a chemical reaction, the hydrogen 

erupts from a nozzle on the base of the device and sends it rocketing into 

the air.  Tracked through its flight by the lasers or microwaves, the vehicle 

soars into orbit; carrying a larger payload for its size than a chemical rocket 

could ever manage, but the complexity, expense and jobs remain 

grounded. For decades, this has been the vision of such researchers as 

physicists Jordin Kare and Kevin Parkin. A similar idea, using a pulsed 

ground-based laser to blast propellant from the backside of a space vehicle, 

was being talked about by Arthur Kantrowitz, Freeman Dyson and other 

eminent physicists in the early 1960s. 
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If that sounds too complicated, then consider the 2003 proposal of Geoff 

Landis and Vincent Denis to construct a 20-kilometer-high tower using 

simple steel trusses. Conventional rockets launched from its top would be 

able to carry twice as much payload as comparable ones launched from 

ground level. There is even abundant research, dating all the way back to 

Konstantin Tsiolkovsky (the father of astronautics beginning in the late 19th 

century) to show that a simple tether—a long rope, tumbling end-over-end 

while orbiting the earth—could be used to scoop payloads out of the upper 

atmosphere and haul them up into orbit without the need for engines of any 

kind. Energy would be pumped into the system using an electrodynamic 

process with no moving parts. 

All are promising ideas—just the sort that used to get an earlier generation 

of scientists and engineers fired up about actually building something…but to 

grasp just how far our current mindset is from being able to attempt 

innovation on such a scale, consider the fate of the space shuttle‘s external 

tanks [ETs]. Dwarfing the vehicle itself, the ET was the largest and most 

prominent feature of the space shuttle as it stood on the pad. It remained 

attached to the shuttle—or perhaps it makes as much sense to say that the 

shuttle remained attached to it—long after the two strap-on boosters had 

fallen away. The ET and the shuttle remained connected all the way out of 

the atmosphere and into space. Only after the system had attained orbital 

velocity was the tank jettisoned and allowed to fall into the atmosphere, 

where it was destroyed on re-entry.  

At a modest marginal cost, the ETs could have been kept in orbit 

indefinitely. The mass of the ET at separation, including residual propellants, 

was about twice that of the largest possible Shuttle payload. Not destroying 

them would have roughly tripled the total mass launched into orbit by the 

Shuttle. ETs could have been connected to build units that would have 

humbled today‘s International Space Station.  

The residual oxygen and hydrogen sloshing around in them could have been 

combined to generate electricity and produce tons of water, a commodity 

that is vastly expensive and desirable in space. But in spite of hard work and 

passionate advocacy by space experts who wished to see the tanks put to 

use, NASA—for reasons both technical and political—sent each of them to 

fiery destruction in the atmosphere. Viewed as a parable, it has much to tell 

us about the difficulties of innovating in other spheres. 
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Innovation can‘t happen without accepting the risk that it might fail. The 

vast and radical innovations of the mid-20th century took place in a world 

that, in retrospect, looks insanely dangerous and unstable. Possible 

outcomes that the modern mind identifies as serious risks might not have 

been taken seriously—supposing they were noticed at all—by people 

habituated to the Depression, the World Wars and the ‗Cold‘ War; in times 

when seat belts, antibiotics and many vaccines did not exist. Competition 

between the Western democracies and the communist powers obliged the 

former to push their scientists and engineers to the limits of what they could 

imagine and supplied a sort of safety net in the event that their initial efforts 

did not pay off. A grizzled NASA veteran once told me that the Apollo moon 

landings were communism‘s greatest achievement. Genius needs a nudge. 

In his recent book Adapt: Why Success Always Starts with Failure, Tim 

Harford outlines Charles Darwin‘s discovery of a vast array of distinct species 

in the Galapagos Islands—a state of affairs that contrasts with the picture 

seen on large continents; where evolutionary experiments tend to get pulled 

back toward a sort of ecological consensus by interbreeding. ―Galapagan 

isolation‖ vs. the ―nervous corporate hierarchy‖ is the contrast staked out by 

Harford in assessing the ability of an organization to innovate. 

Most people who work in corporations or academia have witnessed 

something like the following: a number of engineers are sitting together in a 

room; bouncing ideas off each other. Out of the discussion emerges a new 

concept that seems promising. Then some laptop-wielding person in the 

corner, having performed a quick Google search, announces that this ―new‖ 

idea is, in fact, an old one—or at least vaguely similar—and has already been 

tried. Either it failed, or it succeeded. If it failed, then no manager who 

wants to keep his or her job will approve spending money trying to revive it. 

If it succeeded, then it‘s patented and entry to the market is presumed to be 

unattainable; since the first people who thought of it will have ―first-mover 

advantage‖ and will have created ―barriers to entry.‖ The number of 

seemingly promising ideas that have been crushed in this way must number 

in the millions. 

What if that person in the corner hadn‘t been able to do a Google search? It 

might have required weeks of library research to uncover evidence that the 

idea wasn‘t entirely new—and after a long and toilsome slog through many 

books, tracking down many references -- some relevant, some not. When 

the precedent was finally unearthed, it might not have seemed like such a 
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direct precedent after all. There might be reasons why it would be worth 

taking a second crack at the idea; perhaps hybridizing it with innovations 

from other fields. Hence the virtues of Galapagan isolation. The counterpart 

to Galapagan isolation is the struggle for survival on a large continent, 

where firmly established ecosystems tend to blur and swamp new 

adaptations. Jaron Lanier, a computer scientist, composer, visual artist and 

author of the recent book You are Not a Gadget: A Manifesto, has some 

insights about the unintended consequences of the Internet—the 

informational equivalent of a large continent—on our ability to take risks.  

In the pre-net era, managers were forced to make decisions based on what 

they knew to be limited information. Today, by contrast, data flows to 

managers in real time from countless sources that could not even be 

imagined a couple of generations ago while powerful computers process, 

organize and display the data in ways that are as far beyond the hand-drawn 

graph-paper plots of my youth as modern video games are to tic-tac-toe. In 

a world where decision-makers are so close to being omniscient, it‘s easy to 

see risk as a quaint artifact of a primitive and dangerous past. 

The illusion of eliminating uncertainty from corporate decision-making is not 

merely a question of management style or personal preference. In the legal 

environment that has developed around publicly traded corporations, 

managers are strongly discouraged from shouldering any risks that they 

know about—or, in the opinion of some future jury, should have known 

about—even if they have a hunch that the gamble might pay off in the long 

run. There is no such thing as ―long run‖ in industries driven by the next 

quarterly report. The possibility of some innovation making money is just 

that—a mere possibility that will not have time to materialize before the 

subpoenas from minority shareholder lawsuits begin to roll in. 

Today‘s belief in ineluctable certainty is the true innovation-killer of our 

age. In this environment, the best an audacious manager can do is to 

develop small improvements to existing systems—climbing the hill, as it 

were, toward a local maximum; trimming fat; eking out the occasional tiny 

innovation—like city planners painting bicycle lanes on the streets as a 

gesture toward solving our energy problems. Any strategy that involves 

crossing a valley—accepting short-term losses to reach a higher hill in the 

distance—will soon be brought to a halt by the demands of a system that 

celebrates short-term gains and tolerates stagnation but condemns anything 

else as failure. In short: a world where ‗Big Stuff‘ can never get done. 
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This book is about China‘s unique approach to its indigenous innovation 

policy and explores the challenges a large, emerging economy faces in a 

world of ubiquitous globalization and rising complexity. While the focus is on 

the specifics of China‘s case, the analysis builds upon research regarding the 

general dynamics of innovation in the global knowledge economy -- in 

contrast to the diversity of available corporate strategies and policies to 

foster innovation in the United States, Asia and Europe. As a result, this 

study leverages ideas, comments and artifacts from a diverse group of 

scholars, journalists, policymakers, business executives and analysts in all 

three of these continents.  

This work also examines China‘s attempt to upgrade its standards (especially 

knowledge management) system as part of its national innovation strategy. 

Chinese policies and activities on innovation and standards have recently 

moved high up on the agenda of U.S.–China economic relations; adding 

further to contentious disputes about exchange rates, trade imbalances and 

foreign direct investment (FDI). Standards are often a critical determinant 

for a country‘s innovative capacity, but they can also be used to create or 

shape markets and to restrict competition. Standardization and other 

innovation environment factors, thus, have become a highly-contested field 

of international economic diplomacy; both for government policies and 

corporate strategies. 

Therefore, an analysis of China‘s contemporary knowledge innovation 

strategy (from historical lessons learned) is of critical importance for 

policymakers, corporate executives and researchers. Specifically, this study 

examines defining characteristics of the evolving Chinese innovation system 

and environmental conditions that set it apart while exploring possible 

impacts for China and the global economy.2  At the center of the analysis is 

a fundamental challenge for China‘s strategy: How can China reconcile its 

primary objective of strengthening the innovative capacity of Chinese firms 

and industries with its leading role in international trade and deep 

integration into global corporate networks of production and innovation? 

Only a few years ago, China‘s approach to innovation and standardization 

barely played a role in international economic diplomacy. With its economic 

                                                 
2 Ernst 2010; Focuses on the evolution of the American standards system and recent attempts to develop a new  
    approach to public–private standardization partnerships. See also, proceedings of the October 14, 2009 Beijing  
    conference “Standards and Innovation Policy in the Global Knowledge Economy: Core Issues for China and the  
    U.S.,” available at http://cdn.nbr.org/announcements/Email/NBR_200910_ChinaStand.papers.html 
 

http://cdn.nbr.org/announcements/Email/NBR_200910_ChinaStand.papers.html
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power on the rise, that assessment has changed dramatically. Today, 

China‘s innovation policy and its perceived threat to American innovation 

and competitiveness are a hot topic in U.S.–China economic relations, 

adding further to contentious disputes about exchange rates, trade and 

foreign direct investment. The role of standardization, together with 

intellectual property rights and government procurement, are at the center 

of this conflict. Here is a lively case in point: Twelve Years ago, China was 

frustrated by the dominance of companies like Ericsson in the 

telecommunications industry. There was a general belief that Chinese firms 

would never be able to catch up and compete head-on with western 

incumbents. Then in late 2009, Huawei Technology won the contract to 

supply Sweden‘s nationwide 4G network – shutting Ericsson out of its home 

market. 

Founded in 1988 by a former PLA officer, Huawei Technology has come a 

long way from its humble origins as a distributor of imported private branch 

exchange (PBX) products. Today, its robust product portfolio covers 

telecommunications-based products including: mobile, network and data 

communication. Huawei‘s main clients are: telecom operators, financial 

institutions and other corporations that maintain their own networks.  

International sales account for more than 70% of its revenue; with a large 

part coming from developing countries in the Asia-Pacific region. However, 

Huawei has already established a firm foothold in both European and 

American markets as well. 

The sheer size of the Chinese market allowed Huawei to grow at a speed 

that quickly enabled it to compete in the international market. However, size 

in the China marketplace counts for little when competing with the technical 

know-how developed outside China and the continual perception that the 

―Made in China‖ label signifies cheap and inferior technology as Japanese 

goods once meant to my Mother. Huawei overcame these obstacles and 

succeeded in out-bidding Ericsson by using HOME-GROWN expertise, 

proprietary technology and a novel approach to innovation. 

One of the key factors in Huawei‘s success was the fact that government 

industry policies in China forced the company to adopt national standards 

while PRC telecom infrastructure was being formed. In particular, the 

Chinese government‘s push to implement national standards of 

telecommunications technology gave Huawei an edge in securing local 

market share as well as achieving economies of scale. This allowed the 
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development of a distinct innovation culture different from that of its 

western counterparts. Western innovation culture is return-driven. Projects 

in western R&D pipelines are ranked according to their expected ROI; which 

are directly correlated to their sales price. Complexity and sophistication go 

together with high prices; therefore, the output of western R&D activities is 

normally highly sophisticated and high-priced, but not necessarily what the 

market demands. In contrast, Huawei‘s R&D activities are driven by cost 

innovation which can be translated to maximizing your client‘s benefit by 

increasing the delivered value and offering lower prices.  

As Clayton Christensen writes in the book ‗The Innovator‘s Dilemma‘: the 

results of cost innovation are often technologies that initially look inferior to 

those from established players; yet, are typically more affordable and easier 

to use than those on the existing market. Cost innovation R&D activities 

center their efforts on better value for money – on producing cheaper 

outputs while offering very similar functionality. 

Cost innovation allowed Huawei to develop a ‗no-frills‘ 4G network satisfying 

the standards of the most advanced mobile market (i.e. Scandinavia). 

Financial details of the bidding process were not released but one Swedish 

spokesperson stated ―Huawei is contributing high technical competence and 

cost effectiveness. Both are key to our extensive investment in building a 

nation-wide 4G network.‖ 3   

It has been said in many engineering AND business classrooms that 

―Perfection is the enemy of good enough‖. Moreover, ‗good enough‘ does not 

mean the technology is second-rate, quality neutral, marginally effective 

(e.g., remember the Muntz electronics of the 1950s? The founder was 

referred to as ‗mad-man‘ Muntz because he‘d take a proposed circuit and 

keep removing pieces at random until it still worked but made him the low 

cost provider) or worthless junk. 

An important objective of the study is to improve the understanding about 

the role standardization and other historically significant factors play in the 

PRC‘s innovation system. A central proposition is that significant differences 

in the organization and governance of standardization processes exist across 

countries and industries. Different processes reflect the peculiar 

characteristics of a country‘s economic institutions, its level of development, 

its economic growth model, its culture and history (Kindleberger; 1983).  

                                                 
3

 Zazueta, J.; E-Mag (MAR-APR 2010 Issue); Special Focus Section 
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Across industries, different standardization processes need to reflect the 

maturity of technology or markets and the resultant specific characteristics 

of corporate organization and strategy.4 Unfortunately, a major weakness of 

standardization theory is that we still lack systematic research that 

compares the different development trajectories of national and industry-

specific standards systems. As the United States and China display 

fundamental differences in their levels of development and in their economic 

institutions, they pursue quite different approaches to standards and 

innovation policy. The American consensus is that market forces and the 

private sector should play a primary role in innovation and standardization. 

China, on the other hand, relies much more on the government to define the 

strategic objectives and key parameters. 

In the United States, there is a widespread expectation that further reforms 

of China‘s standards system will ―naturally‖ converge to (almost) full 

compliance with a U.S.–style, market-led, voluntary standards system. That 

expectation can be found, for instance, in the “United States Standards 

Strategy,” approved by the Board of Directors of the American National 

Standards Institute (ANSI) on December 8, 2005, which proposes a 

―universal application of the globally accepted principles for development of 

global standards‖ which is based on the U.S. voluntary standards system 

(ANSI 2005: iv). 

Yet, as this study documents in detail, China‘s evolving standards system 

provides little evidence that convergence to the American system is likely to 

materialize. When Chinese reformers argue for a transition to a more 

market-driven standards system, they emphasize that the government will 

continue to play an important role as a promoter, enabler and coordinator of 

an integrated standards and innovation policy. China‘s primary concern is to 

develop this vast quasi-continental country as rapidly as possible, and to 

catch up with the productivity and income levels of the United States, the 

European Union and Japan. 5   

Strengthening China‘s domestic innovative capacity is considered to be the 

key to a sustainable transformation of its economy beyond the export-

oriented ―global factory‖ model. To achieve this goal, China‘s government is 

very serious in its aspiration to move from being a mere standard-taker to 

                                                 
4 Pavitt; 1984. 
 
5 Fagerberg et al.; 2004: Determinants and impacts of ‘catching-up’ processes are analyzed. 
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become a co-shaper, and in some areas a lead shaper, of international 

standards. In turn, China‘s indigenous innovation policy and its entry into 

the global standards game as a new contender has raised concerns in the 

United States that this may erode American leadership and hasten the 

decline of the U.S. economy. The U.S. government considers China‘s 

innovation policy to be ―discriminatory,‖ 6 implying that this policy is used as 

a trade-distorting ploy to challenge American supremacy in the global 

knowledge economy. 7 

A recent report by the U.S. Chamber of Commerce claims that China‘s 

innovation policy is ―a blueprint for technology theft on a scale the world has 

never seen before‖ (McGregor; 2010). These complaints have begun to 

generate regulatory action. Responding to a request from the U.S. Senate 

Committee on Finance, the U.S. International Trade Commission (ITC) has 

started an investigation (No. 332-519) on ―China: Effects of Intellectual 

Property Infringement and Indigenous Innovation Policies on the U.S. 

Economy,‖ and scheduled public hearings, which started in June 2010. 8  

During that first ITC hearing, the U.S. Chamber of Commerce argued that: 

―China‘s innovation policy…restricts the ability of American companies to 

access the market and compete in China and around the world by creating 

advantages for China‘s SOEs and state-influenced champions, … [and has] … 

the potential to undermine significantly the innovative capacity of the 

American economy in key sectors, and, consequently, harm the 

competitiveness and livelihood of American business and the workers that 

they employ.‖ 9 As for China‘s standardization strategy, it is viewed in the 

                                                 
6

 Commerce Secretary Gary Locke, as quoted in “U.S., China Begin Talks on Innovation Trade Dispute,” at  
    http://www.reuters.com/assets/print?aid=USTRE66J6SO20100720 October 6, 2010. 
 
7 Deputy USTR Demetrios Marantis argued that China’s indigenous innovation policies are “very troubling”  
    because they “unfairly favor domestic producers at the expense of foreign firms, … [and]… because of their threat  
    to global intellectual property protections, fair government procurement policies, market competition and the  
    freedom of U.S. companies to decide how and when to transfer technology.” Quoted in Doug Palmer, “UPDATE 2- 
   China trade behavior imperils ties—USTR,” at http://www.reuters.com/assets/print?aid=USN1520929420100715  
   October 6, 2010. 
 
8

 This culminated in a study, published by the U.S. International Trade Commission, entitled “China: Intellectual  
    Property Infringement, Indigenous Innovation Policies, and Framework for Measuring the Effects on the U.S.  
    Economy,” Investigation No. 332-514, USITC Publication 4199, Washington, DC, November 2010. 
 
9
 Testimony by Jeremi Waterman, Senior Director, Greater China, at the U.S. Chamber of Commerce before the  

    U.S. International Trade Commission Hearing on “China: Intellectual Property Infringement, Indigenous  
    Innovation Policies, and Frameworks for Measuring the Effects on the U.S. Economy” (Investigations No. 332-514  
    and 332-519), June 15, 2010. 
 

http://www.reuters.com/assets/print?aid=USTRE66J6SO20100720
http://www.reuters.com/assets/print?aid=USN1520929420100715
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United States as a critical weapon of China‘s neo-mercantilist policies to 

keep American companies at bay. The U.S. Information Technology Office 

(USITO), which represents the U.S. information and communications 

technology industry in China, observes ―a clear trend to promote indigenous 

technology which is developed outside the international standards 

development system‖ (USITO; 2009).  

And; for the chair of the National Academies Committee on Comparative 

Innovation Policies, China‘s standardization strategy ―raises serious 

questions of WTO compliance,‖ as it promotes ―…creation & application of a 

large number of national standards in China; as opposed to use of existing 

international standards.‖ 10 

Perceptions in China are very different: Among Chinese industries and 

scholars, there is deep frustration with the U.S.–China standards discussions 

and distrust in the sermon-style arguments propagated by the United 

States: ―There is concern that the disputes between the United States and 

China on ICT standards and the overarching issue of IPRs (i.e. Intellectual 

Property Rights) in standardization still remain unsolved. The situation may 

actually be worse in the sense that both sides have noticed the difference 

but continue to head in their own directions.‖ (An; 2009) 

China‘s leadership considers the American critique of its innovation policy to 

be unfair and hypocritical, and suspects that the United States is trying to 

contain China‘s rise. A leading official responsible for China‘s technology 

policy argued in 2007 that  

‖The majority of the market is controlled by foreign companies, most core 

technology relies on imports, the situation is extremely grave as we are 

further pressured by developed countries who use blockades and technology 

controls—if we are not able to solve these problems we will forever be under 

the control of others.‖  11  

From the Chinese perspective, reducing dependence on manufactured 

exports will only be possible if China succeeds in strengthening its domestic 

                                                 
10

 A. W. Wolff, “The Direction of China’s Trade and Industrial Policies,” testimony before the House Ways and  
      Means Committee of the U.S. House of Representatives, Washington, D.C. June 16, 2010. The author is co- 
      chair, International Trade Practice, Dewey & LeBoeuf and a professor at the Monterey Institute of International  
      Studies. 
 
11

 State Councilor Liu Yandong; quoted in McGregor 2010. 
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innovative capacity. 12  To achieve this objective, China seeks to upgrade its 

standards system to: 

(i) lessen the ―control of foreign advanced countries over the PRC,‖ 

especially ―in the area of high and new technology‖; and  
 

(ii) (increase the effectiveness of Chinese technical standards as 

important protective measures or barriers to ―relieve the adverse 

impact of foreign products on the China market.‖ 13 

The same document by the Standards Administration of China (SAC) adds 

that China‘s standardization strategy needs to fill a policy vacuum; as 

China‘s accession commitments to the WTO have substantially reduced the 

use of most other trade restrictions such as tariffs, import quotas and 

licensing requirements.14 

As this study will document, China seeks to develop a ―two-track‖ approach. 

On the one hand, China is working within the international system with the 

long-term goal of creating patent-worthy technology essential to global 

standards. By including Chinese technology into global standards, China 

seeks to strengthen its bargaining power and to reduce its exposure to high 

royalty fees.  

At the same time, however, China seeks to use its increasing geopolitical 

influence to promote new sets of rules for international standardization; 

hence transforming the international standards system itself. On a global 

scale, this process is still at the very beginning. But there is little doubt that, 

in the midterm, China will change not only the international approach 

towards (i.e. parochial, proprietary) standardization but also the rules of 

broader frameworks that govern international trade; including TRIPS (i.e., 

Trade-Related aspects of Intellectual Property Rights System).  

                                                 
12

 Many Chinese officials seem to be genuinely puzzled as to why foreign observers who recommend that China  
      reduce its export dependence (to reduce global imbalances) fail to acknowledge that this requires substantial  
      improvements in China’s domestic innovation capabilities. 
 
13

 SAC 2004; preface and part I, section IV. 
 
14

 Wolff 2010; This assessment that China gave away too much in joining the WTO is supported by Alan W. Wolff,  
      who argues that “ … in 2001 China joined the WTO. In doing so, China made a much more extensive number of  
      specific market liberalizing commitments than had ever been made by any acceding member and began to  
      transform its economy”. 
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The emergence of common global challenges like climate change create 

conflict and negotiation frameworks with dynamically changing alliances, 

wherein several sub-systems (including standardization, IPR, trade rules and 

so on) are exposed to strong scrutiny and the status quo may no longer be 

sustainable.  In short, there are vastly different perceptions in the United 

States and China of what constitutes legitimate goals of innovation and 

standards policy. This study seeks to provide an objective analysis of these 

differences. It is hoped that such an analysis will help to avoid a vicious 

circle of escalating trade conflicts and regulatory confrontations between the 

United States and China, where each country‘s public posture on innovation 

and standardization will increasingly harden; while frantic negotiations are 

tried to mitigate the damage in the background. 

To examine the evolution of China‘s standardization strategy and its role for 

indigenous innovation, the author has conducted extensive research about 

perspectives from corporate executives, government officials and scholars; 

as well as case studies of Chinese standards projects in the ICT industry. 

The study focuses on the information and communications technology (ICT) 

industry, which serves as a testing ground for China‘s effort to upgrade its 

standards system. The generic nature of ICT implies that what happens in 

this industry has a pervasive impact across major sectors of the economy.  

In addition, as China is the global ICT factory, its economy heavily depends 

on this industry. Most important for the purposes of this study, the ICT 

industry is particularly exposed to the challenge of rising complexity.15  The 

study builds upon earlier research about China‘s innovation system16 that 

explores how actual knowledge management standards are created and 

used in a country with economic institutions that differ from those in 

Western economies. 

An important focus of that earlier research has been the threat of ―Chinese 

techno-nationalism.‖ The distinction between ideological and pragmatic 

forms of techno-nationalism and techno-globalism was a useful attempt to 

identify stakeholders and their conflicting interests in China‘s standardization 

system.17 Yet, this analysis provides only a partial picture of the dynamics of 

                                                 
15 Future research needs to examine how China’s standardization policies differ in other industries such as cars,  
      chemicals, food processing, energy and clean technology. 
 
16 Op. Cit. (Scott 2012; “The Rooster & The Dragon: China’s Game Plan for S&T Knowledge Innovation”) 
 
17

 Kennedy et al.; 2008. 
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change in China‘s innovation system. As China experts have argued, the 

distinction between techno-nationalism and techno-globalism should also be 

used to study diverse stakeholders in the U.S. standardization system.18 

This work extends the discussion further. A distinguishing feature is an 

explicit analysis of the international dimension of China‘s standardization 

strategy.19 Two questions are addressed specifically: What precisely is the 

challenge that China‘s innovation and standards policy faces from rising 

complexity through ubiquitous globalization? – and - How does China‘s entry 

into the global standards game as a new contender affect the positions of 

the United States, the European Union and Japan; as well as China‘s 

relations with these three incumbent global players? 

To understand precisely what challenges and opportunities China faces in its 

standards and innovation policy, this product introduces a conceptual 

framework that firmly places standardization in the broader context of 

debates on innovation, Intellectual Property Rights (IPR) and ―catching-up‖ 

development elements. This framework draws on insights from innovation 

economics, corporate innovation management and theories of economic 

development. A central proposition emphasizes the diversity of processes 

and stakeholders across boundaries and industries that reflect unique 

characteristics of economic institutions, history, levels of development, 

organizational structure and growth strategy. 

This book reviews the ancient and modern day historical evolution of China‘s 

innovation strategy and describes its objectives. Some sections emphasize 

that the challenges faced by latecomers like China are significant and that 

one should not always apply the same criteria in judging the performance of 

latecomers as one would to advanced industrial economies. The analysis 

sheds light on two defining characteristics: 

(i) The catalytic effect of the Chinese Medium- and Long-Term Plan 

for Science and Technology Development that defines the role of 

standards as a tool for indigenous innovation; and  

                                                                                                                                                             
 
18

 Nelson & Ostry 1995; In fact, the two authors who created this distinction emphasize in their pioneering study  
      that techno-nationalism played an important role in the rise of American technological leadership and that  
      techno-nationalism continues to coexist in the United States with techno-globalism promoted by U.S.  
      multinational corporations. 
 
19

 Op. Cit. (Kennedy et al. 2008); Earlier research has emphasized the need to study “China’s Evolving Role in the  
      Global Knowledge Economy” without, however, precisely examining what constitutes the “global knowledge  
      economy” or its implications for China. 
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(ii) The diversity of stakeholders as a source of fragmentation in 

China‘s standards system  

My case study also reviews publicly available information on China‘s policy 

initiatives on information security standards and certification and discusses 

potential negative effects on China‘s evolving standards system.20 One 

thread examines the dilemma faced by China‘s standardization strategy; as 

ubiquitous globalization (combined with rising complexity of technology, 

business organization and competitive dynamics) constrain national policies. 

To assess China‘s capacity to cope with those challenges, a simple, stylized 

model is used that distinguishes important tasks of standardization and 

highlights differences in capability sets and in standardization strategies. The 

study highlights the resultant significant challenges for China. In the 

remaining sections, the study makes a conscious effort to dig deeper than 

earlier reports that have provided brief overviews of specific examples of 

Chinese standards projects.  

While such overviews are useful, they provide an overly-simplified picture of 

a more nuanced reality, where key parameters of the Chinese standards 

system continuously evolve to adjust to a changing and increasingly complex 

international standardization landscape. To capture these nuances is critical 

for effective policy advice. Hence, an important contribution of this study is 

an in-depth analysis in of recent developments in China‘s standards system; 

both with regard to laws and regulations that shape China‘s standardization 

strategy and with regard to the organization of important Chinese standards 

projects in the ICT industry. 

After reviewing China‘s innovation history, I examined recent policy 

initiatives that shape China‘s standardization strategy. The analysis covers 

China‘s policies on the registration of products that contribute to indigenous 

innovation, the revision of government procurement regulations and new 

regulations for patents included in standards. It further explores China‘s 

response to foreign complaints and its capacity to learn from earlier 

mistakes. There are signs of gradual progress toward greater openness, 

transparency and flexibility – but not for our benefit.  It is argued herein that 

China‘s persistent innovation gap with the United States, Europe and Japan 

                                                 
20

 Objective academic research on information security standards and certification remains constrained by limited  
      access (both in China and in the United States) to relevant sources of information.  This has prevented a more  
      systematic and in-depth analysis of these issues. 
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(plus its deep integration into global production and innovation networks; 

enabled by knowledge engineering programs) may explain why China‘s 

government is gradually moving toward greater pragmatism in its innovation 

policy despite forces in the security apparatus that seek to slow down these 

adjustments. Finally, this work examined three developments (e.g. TD-

SCDMA, IGRS & AVS) in major standards from the Internet-Computers-

Telecommunications (ICT) industry. While earlier project activities in these 

have been extensively researched (especially for TD-SCDMA), this study 

takes a fresh look at these standards development organizations; asking 

whether current adjustments in their management have improved China‘s 

capacity to cope with rising complexity through institutional adjustments, 

greater organizational flexibility and pragmatism. The concluding chapters 

summarize main findings of the study, present policy implications and 

suggest priority areas for future research. 

China has set aggressive goals for becoming once again indigenously 

innovative by 2020; leveraging their dramatic economic rise over the past 

decade in addition to greatly expanding their military build-out/build-up 

expenditures from 2012-2015. Can they do so in the face of domestic issues 

they themselves realize? Do conditions exist which will allow for their 

achievement of centric innovation or will they have to chalk it up to 

something lost in the recipe of past dynasties?  When one looks at Chinese 

innovation in science & technology from a historical perspective, one finds 

that the trail sign is conducive for PRCs success. 

Before we sojourn through the history of innovation environmental 

conditions in China, I‘d like to shift our focus to the demographic futures and 

related economic aspects facing China and the United States over the next 

several decades…as trends in these countries reflect just some of the 

perturbations in power to which the world has already (literally) just given 

birth. How the nations respond will determine their ultimate fates. Much has 

been written since Fall 2011 about the World‘s population having passed 7 

billion people, but little attention has been paid to the implications and 

ramifications of these recent demographic changes for the world‘s 

nations/regions vis-à-vis one another.21  

China‘s population is expected to peak at 1.4 billion in 2026 and to decline 

thereafter according to the U.S. Census Bureau‘s International Data Base. 

More importantly, by 2035, China‘s population will skew heavily toward older 

                                                 
21

 Libicki, M. & DaVanzo, J.; RAND REVIEW, Winter 2011; “Dusk, Dawn and High Noon: Demographic Forecast” 
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age groups. Right now, China is entering an era in which its rapidly aging 

populace could constrain its continued economic growth. Today, China‘s 

working age population is just under five times larger than the United States‘ 

working age population. By 2050, it may be only three times larger.  

The PRC is fated to remain as the most important economic contender over 

the next 40 years in terms of its national resource base. If their economy 

achieves Japan-like levels of productivity by 2050, its gross domestic 

product (GDP) will be DOUBLE America‘s. Instead, should they level off 

economically as they approach the levels of productivity such as the Republic 

of Korea today, then China‘s economy will be somewhat larger than the 

United States. However, if the many challenges faced by China (e.g., 

pollution, corruption, real estate bubbles and financing the elderly) are not 

met, they may reach an economic inflection point earlier rather than later; 

failing to surpass American GDP levels. Demographic trends suggest that if 

China‘s economy cannot eclipse the USA by 2050, it might never do so; 

ceteris paribus.  

Alone among the world‘s large affluent nations, the United States will see 

modest increases in its working age population through 2050.  Meanwhile, 

those of Europe and Japan are projected to fall steeply through 2050.  These 

projections alone may mean the USA will be the predominant global power 

for at least the next half-century.  If anything, we could become even more 

dominant in the alliances we lead.  

The United States will account for a larger percentage of the population 

among its Atlantic and Pacific allies.  To put it another way, the capacity of 

our traditional alliances to multiply U.S. demographic power as a coalition is 

likely to decline, perhaps sharply so, through 2050.  So much for building 

‗partnership capacity‘. Nevertheless, China and the USA will remain the 

world‘s two most rival countries through 2050. From the standpoint of 

economic competition, the age composition of their populations is more 

significant than their aggregate size.  

Indeed, the two super-power nations will experience different patterns in 

their overall dependency ratios – that is, the ratio of the young and the 

elderly to those of prime working age. Rising dependency ratios are 

generally considered as an impediment to economic performance; while 

falling ratios are viewed as advantageous. The ratio will be rising rapidly for 

China over the next two decades.   
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An increasing proportion of the population that is working age provides an 

opportunity to reap a ―demographic dividend‖ through both a brute-force 

increase in the numbers of potential workers and an accelerated 

accumulation of capital due to reduced spending on dependents. 

Demographic dividends are estimated to have accounted for 25-40% of East 

Asian per capita GDP growth in the late 20th century. China‘s demographic 

window of opportunity is rapidly closing. Thus, presenting incentive for 

urgency in their dual-use science & technology knowledge capture/leverage. 

Issues regarding the elderly, such as pensions and geriatric health care, will 

be more prominent in China. It is not clear whether the PRC has dedicated 

the resources necessary to support larger numbers of the elderly with fewer 

workers, but research bears out China is mining the global healthcare-

oriented patent database with reckless abandon. The State-Owned 

Enterprises that traditionally funded social programs for workers and their 

families have largely collapsed; and no national social welfare system (yes, 

even in a declared communist/socialist country) has yet to replace them.  

In a power transition year for China this fall, political and official 

announcements lowered China‘s target for economic growth on the 

expressed basis of doing some infrastructural house-cleaning and addressing 

domestic issues such as those outlined above. Whether China‘s demographic 

disadvantages (fewer workers; a rapidly aging populace; rising dependency 

rations etc.) will be a permanent and early drag or a dividend will depend 

upon the extent to which these circumstances provide a stimulus to 

improving technology and to raising the skills/output of a shrinking labor 

force.  In the short term, China seems to have more of the preconditions to 

take advantage of its demographic window of opportunity and to deal with 

demographics when (not if) they become a potential drag.  

Because of more flexible labor markets, higher rates of female labor force 

participation, more highly-educated folk, less illiteracy in general, more 

internal migration, a higher degree of urbanization, slightly higher coverage 

by public pensions and more open attitudes toward foreign trade – China is 

likely to remain a ‗forward leaner‘; at least until 2025. History lessons about 

China and innovation conditions bear this out. 

In the long-term, however, China‘s prospects may be hindered by its 

demographics. An aging population without an established safety net will 

create demands for new types of services (especially healthcare); reducing 
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the disposable income of the working population through wealth transfer to 

the elderly and laying claim to the large national savings pool that China has 

built up during their boom years.  As the PRC has well documented strategic 

plans to transition into a circular economy (that is to say, self sufficient and 

keeping foreign devils at arm‘s length from the mass market in China). 

When global immigration is factored in, there are net winners and losers. 

The USA is the largest winner, although the cost to the educational and 

public assistance systems may somewhat to altogether negate this apparent 

advantage. Most likely, the size of the U.S. working age population will keep 

increasing roughly by 6% every decade. Nearly all of this increase comes 

from, and will continue to come from, immigration. The trouble is, even the 

Obama Administration has not been able to articulate and implement a jobs 

creation program capable of dealing with this – force multiplier into force 

divisor instantly. Moreover, immigration, in the present USA formulary, is 

heavy on labor (which declines increasingly in America as businesses chose 

not to bear the extra expense of manufacturing anything if they can help it) 

and lean on intellect (for which there are few jobs available dealing with 

innovation). 

As a consequence, the United States is likely to remain an indispensible 

nation for the protection of international stability and liberal norms (at 

expense to the American taxpayers – corporate and individual – which drags 

the economy into a death spiral) at least through mid-century.  Among the 

world‘s rich countries, no nation apart from Israel has a higher fertility rate 

[in the case of the USA – cost producing and, again, immigration-driven].  

The U.S. working age population is prone to constitute a growing portion of 

the total manpower of the Atlantic alliance (NATO) and the Pacific alliance 

(ANZUS, Japan, ROK and Taiwan).  

When the relative flatness of the ratio between U.S. GDP per capita and that 

of most other nations is factored in, the current share of the global GDP 

accounted for by the American economy is favored to stay quite high. In 

theory, the United States has the demographic and economic resources to 

retain its global supremacy through at least 2050; barring the inability to 

deal with our immigration wave, stagnant economy and ephemeral grasp of 

innovation climates.  In the end, it is China with the most to gain or lose; 

and the United States will continue to have the most to protect and defend. 

In terms of our imminent history lesson about China and innovation 

environments…it‘s not looking good for us and better for them. 
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Socio-Cultural Aspects of the Demographic Opportunity  
As this author grew up, it was often said by adults that ―it is irrelevant when 

you were born or your status…it is what happens to you in life that matters‖. 

Morris Massey (born 1939) is a sociologist and producer of training videos 

who capitalized on taking sides of the nature versus nurture debate. During 

the 1980s and 90s he was cited as one of the 27 most influential workplace 

experts of his time. His work was focused on values, generations and 

significant emotional events. One of his most enduring works was entitled 

‗What You Are Is Where You Were When‘. Massey has described three major 

periods during which values are developed: 

1. The Imprint Period. Up to the age of seven, we are like sponges; absorbing everything around us and 
accepting much of it as true, especially when it comes from our parents. The confusion and blind belief of this 
period can also lead to the early formation of trauma and other deep problems. The critical thing here is to learn 
a sense of right and wrong, good and bad. This is a human construction which we nevertheless often assume 
would exist even if we were not here (which is an indication of how deeply imprinted it has become). 

2. The Modeling Period. Between the ages of eight and thirteen, we copy people, often our parents, but also 
other people. Rather than blind acceptance, we are trying on things like suit of clothes; to see how they feel. We 
may be much impressed with religion or our teachers. You may remember being particularly influenced by junior 
school teachers who seemed so knowledgeable—maybe even more so than your parents. 

3. The Socialization Period. Between 13 and 21, we are very largely influenced by our peers. As we develop 
as individuals and look for ways to get away from the earlier programming - we naturally turn to people who 
seem more like us. Other influences at these ages include the media; especially those parts which seem to 
resonate with our the values of our peer groups. 

By way of comparison, the motivational self-help expert, Zig Ziglar, has an 

observation about life: ―It‘s not what happens to you that determines how 

far you will go in life; it is how you handle what happens to you.  You cannot 

tailor make the situations in life, but you can tailor make the attitudes to fit 

those situations before they arise.‖ 

I myself am (technically) a member of the ‗Baby Boomer‘ generation whose 

significant emotional events included the Assassination of President 

Kennedy, the First Iraq War and the 9/11 terrorist attacks.  A baby boomer 

is a person who was born during the demographic Post-World War II baby 

boom between the years 1946 and 1964, according to the U.S. Census 

Bureau. The term "baby boomer" is sometimes used in a cultural context.   

Therefore, it is impossible to achieve broad consensus of a precise definition, 

even within a given territory.  Different groups, organizations, individuals 

and scholars may have widely varying opinions on what constitutes a baby 

boomer; both technically and culturally.  Ascribing universal attributes to a 
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broad generation is difficult and some observers believe that it is inherently 

impossible. Nonetheless, many people have attempted to determine the 

broad cultural similarities and historical impact of the generation and, thus, 

the term has gained widespread popular usage. 

In general, baby boomers are associated with a rejection or redefinition of 

traditional values. However, many commentators have disputed the extent 

of that rejection; noting the widespread continuity of values with older and 

younger generations. In Europe and North America, boomers are widely 

associated with privilege; as many grew up in a time of widespread 

government subsidies in post-war housing and education and increasing 

affluence.  As a group, they were the healthiest and wealthiest generation to 

that time - amongst the first to grow up genuinely expecting the world to 

improve with time.  

One feature of Boomers was that they tended to think of themselves as a 

special generation; very different from those that had come before. In the 

1960s, as the relatively large numbers of young people became teenagers 

and young adults, they, and those around them, created a very specific 

rhetoric around their cohort and the change they were bringing about. This 

rhetoric had an important impact in the self-perceptions of the boomers, as 

well as their tendency to define the world in terms of ―generations‖; which 

was a relatively new phenomenon.  

The baby boom has been described variously as a "shockwave" and as "the 

pig in the python."  By the sheer force of its numbers, the boomers were a 

demographic bulge which remodeled society as it passed through it. The age 

wave theory suggests an economic slowdown when the boomers started 

retiring during 2007–2009. Baby Boomers control over 80% of personal 

financial assets and more than 50% of discretionary spending power. They 

are responsible for more than half of all consumer spending, buy 77% of all 

prescription drugs, 61% of OTC medication and 80% of all leisure travel. 

The derivative term ‗Generation Jones‘ has sometimes been used to 

distinguish those born from 1954 onward from the earlier Baby 

Boomers…that‘s me.  Generation Jones is a term coined by Jonathan Pontell 

to describe the generation of people born between 1954 and 1965. Pontell 

defined Generation Jones as a distinct concept; referring to the second half 

of the post-World War II baby boom (1954-1965). Many have children that 

are in the latter end of Generation Y and earlier part of Generation Z. 

http://en.wikipedia.org/wiki/Age_wave
http://en.wikipedia.org/wiki/Age_wave
http://en.wikipedia.org/w/index.php?title=Jonathan_Pontell_(consultant)&action=edit&redlink=1


20-20 Hindsight 
 

 27 

The name ―Generation Jones‖ has several connotations; including a large, 

anonymous generation along with a demonstrable ―keeping up with the 

Joneses‖ competitiveness.  The drug-slang word "jones" or ―jonesing‖ also 

means to signify a yearning or craving; rather than inherent ambition. It is 

said that Jonesers were given huge expectations as children in the 1960s 

and then were confronted with a different reality as they came of age in the 

1970s or 1980s; leaving them with a certain unrequited, ―jonesing‖ quality. 

One reason sociologists make this distinction is because the tail end of the 

Boomer generation constituted people who came of age in the 1970s after 

the Vietnam War began winding down and were too young to serve in it.   

In addition because they were under the age of 18 during the height of the 

counterculture movement; limiting their participation in it compared to 

‗Boomers‘ born in 1946-52.  Some sociologists have also argued that anyone 

who had not attained puberty yet during the counterculture era cannot be 

considered a Boomer.  In the business world, Generation Jones has become 

a part of the strategic planning of many companies and industries; 

particularly in the context of targeting Jonesers through marketing efforts. 

Key characteristics: less optimistic, distrust of government & general 

cynicism. 

Generation X, commonly abbreviated to Gen X, is the generation born after 

the Western post–World War II baby boom ended. While there is no 

universally agreed upon time frame, the term generally includes people born 

from the early 1960s through the early 1980s; usually no later than 1981 or 

1982…depending on geo-demographics or the determination of what year 

the first millennial generation officially left grade school. The term had also 

been used in different times and places for various subcultures or 

countercultures since the 1950s.  The term Generation X was coined by the 

Magnum photographer Robert Capa in the early 1950s.  

The term was popularized by Canadian author Douglas Coupland's 1991 

novel, Generation X: Tales for an Accelerated Culture, concerning young 

adults during the late 1980s and their lifestyles. The term was used in a 

1984 study of American youth by Marty Munsch. For ‗Women‘s Own‘ 

magazine.  As the findings were controversial they were never published. In 

an effort to save the research, the collaborators worked with Hollywood 

correspondent Charles Hamblett to create a book about the study. Hamblett 

decided to name it Generation X.  In the U.S., Generation X was originally 

referred to as the "baby bust" generation because of the drop in the birth 

http://en.wikipedia.org/wiki/Keeping_up_with_the_Joneses
http://en.wikipedia.org/wiki/Keeping_up_with_the_Joneses
http://en.wikipedia.org/wiki/Generation_X:_Tales_for_an_Accelerated_Culture
http://en.wikipedia.org/wiki/Generation_X_(1965_book)
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rate following the ―baby boom‖. In the 1991 book Generations, William 

Strauss and Neil Howe call this generation the "13th Generation" -- defining 

the birth years as 1961 to 1981. The approximate mid-point (1970) of the 

"13th Generation" had the lowest birth rate of this period. According to the 

authors, Generation X is "the 13th generation" to be familiar with the flag of 

the United States (counting back to the peers of Benjamin Franklin).  

The label was also chosen because, according to their generational theory, it 

is considered a "Reactive" or "Nomad" generation; composed of those who 

were children during a spiritual awakening. Older generations—whose 

members tend to be pragmatic and perceptive, savvy but amoral and more 

focused on money than on art—generally have negative perceptions of 

Reactive generations. The use of ‗13‘ is also intended to associate this 

perception with the mystical/historical negative connotations of that number. 

Those associated with Generation X have cultural perspectives and political 

experiences that were apparently shaped by series of events; as Massey 

might have predicted.  These include: the 1973 oil crisis, the 1979 energy 

crisis, the 1980 election of Ronald Reagan, the 1986 Chernobyl disaster, the 

1986 Space Shuttle Challenger disaster, the 1987 Black Monday, the 1989 

fall of the Berlin Wall with the end of the Cold War, the elections of George 

H.W. Bush and William (Bill) Clinton; along with the savings and loan crisis 

that preceded the early 1990s recession.  Generation X saw the introduction 

of the home computer, the beginning growth of video game era, cable 

television and the Internet.  

Other attributions include the AIDS epidemic, the War on Drugs, the Iran 

hostage crisis, Iran-Contra Affair, Operation Desert Storm the Dot-com 

bubble, alternative rock, and the global influence of the hip hop culture and 

music genre. They are often called the MTV Generation. Pertinent to a non-

partisan study on the 2008 U.S. Presidential election, the Population 

Reference Bureau, a demographic research organization based in 

Washington, D.C., cited Generation X birth years as falling between 1965-

1982. 

When compared with previous generations, Generation X represents a more 

heterogeneous generation; exhibiting great variety of diversity in such 

aspects as race, class, religion, ethnicity and sexual orientation.  Change is 

more the rule for the people of Generation X than the exception. Unlike their 

parents who challenged leaders with an intent to replace them, Generation X 

http://en.wikipedia.org/wiki/Generations_(book)
http://en.wikipedia.org/wiki/Strauss-Howe_generational_theory
http://en.wikipedia.org/wiki/Strauss-Howe_generational_theory#Awakenings_and_crises
http://en.wikipedia.org/wiki/Black_Monday
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tend to ignore leaders and opt to work for more long-term institutional and 

systematic change through economic, media and consumer actions. The U.S. 

Census Bureau cites Generation X as highly educated; statistically holding 

the highest education levels when looking at current age groups in their 

2009 Statistical Abstract. The 2011 publication "The Generation X Report", 

based on annual surveys used in the Longitudinal Study of today adults, 

finds that the generation is highly educated, active, balanced, happy and 

family-oriented. The study also dispels the materialistic, slacker, 

disenfranchised stereotype early associated with the youth where Generation 

X was defined (in the report) as those born from 1961 to 1981. 

Generation Y [also known as the Millennial Generation (or Millennials), 

Generation Next, Net-Generation and ―Echo‖ Boomers] describes the 

demographic cohort following Generation X.  Sarcastically, a 2012 American 

Bar Association article cited these folks as Generation ―Y-bother‖.  There are 

no precise dates for when the Millennial generation starts and ends, so 

commentators have used birth dates ranging somewhere from the mid-

1970s to the late 1980s, early or mid 1990s or as late as the early 2000's.  

One segment of this age-group is often called the ―eighties babies‖ 

generation, in reference to the fact that they were born between January 1, 

1980 and December 31, 1989.  Members of this generation are called Echo 

Boomers due to the significant increase in birth rates through the 1980s into 

the 1990s and because many of them are children of baby boomers. The 

20th century trend toward smaller families in developed countries continued, 

however, so the relative impact of the baby boom ―echo" was generally less 

pronounced than the original ―boom‖. 

Characteristics of the generation vary by region; depending on social and 

economic conditions. However, it is generally marked by an increased use 

and familiarity with communications, media and digital technologies. In most 

parts of the world its upbringing was marked by an increase in a neoliberal 

approach to politics and economics; the effects of this environment are 

disputed. 

In China, Generation Y does not exist; as the rapid rate of change in that 

country since 1970 has caused generations to be classed by decade.  While 

in most of the developed world, a person born in 1985 and a person born in 

1990 are considered the same generation; in China, those born in the '70s 

are called the "post-70s" generation, those born in the 80s the "post-80s" 

http://en.wikipedia.org/wiki/Neoliberalism


20-20 Hindsight 
 

 30 

generation, and those born in the 90s the "post-90s generation". Like 

members of Generation X, who are heavily influenced by the advent of MTV, 

early members of Generation Y are also sometimes called the MTV 

Generation. This term can also be a catch phrase for youth of the late 20th 

century depending on the context.   

Jean Twenge, author of the 2007 book Generation Me, considers Generation 

Y (along with later Xers) to be part of a generation called Generation Me.  

This is based on personality surveys that showed increasing narcissism 

among this generation compared to Boomers when they were teens and 

‗twenty-somethings‘. She questions the predictions of Strauss & Howe that 

this generation would come out civic-minded; citing the fact that when the 

War on Iraq began military enlistments went down instead of up.  Ms. 

Twenge attributes confidence and tolerance to this generation as well as a 

sense of entitlement, narcissism and rejection of social conventions.  

Fred Bonner believes that much of the commentary on the Millennial 

Generation may be partially accurate but overly general; and that many of 

the traits they describe apply primarily to "white, affluent teenagers who 

accomplish great things as they grow up in the suburbs, who confront 

anxiety when applying to super-selective colleges and who multitask with 

ease as their helicopter parents hover reassuringly above them." Other 

socio-economic groups often do not display the same attributes commonly 

attributed to Generation Y. Generation Y is the group generally considered to 

be the last generation of children wholly born in the 20th century. Today, 

there are approximately 80 million Echo Boomers.  

Generation Y has a tendency to be more culturally liberal with many 

supporting modern yet historically more liberal views in general as well as 

various other politically liberal stances, but, in spite of the new dominant 

liberal growth, a growing number of new youth clubs and groups have been 

created in developed countries to take the task of promoting and preserving 

conservative views and religious beliefs (i.e. the rapid growth of 

nondenominational churches by gen-Yers) such as free market principles and 

"socially conservative" behavior (i.e. abstinence from drug experimentation, 

underage drinking and premarital sex).   

Since the 2000 U.S. Census which allowed persons to select more than one 

racial group, "Millennials" in abundance have asserted their right to have all 

their heritages respected, counted and acknowledged Generation Y'ers are 

http://en.wikipedia.org/w/index.php?title=Generation_Me_(book)&action=edit&redlink=1
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largely the children of the Baby Boomers. Younger members of this 

generation have parents that belong to Generation X, and some older 

members have parents that are members of the Silent Generation. The 

Silent Generation is a label for the generation of Americans born from 

1925–1945.  

The label "Silent Generation" was first coined in the November 5, 1951 cover 

story of Time to refer to the generation coming of age at the time, born 

during the Great Depression and World War II, including the bulk of those 

who fought during the Korean War. The article, (which defined the 

generation at the time as born from 1925 to 1945), found its characteristics 

as grave and fatalistic, conventional, possessing confused morals; expecting 

disappointment but desiring faith - and - for women; desiring both a career 

and a family.  

The phrase gained further currency after William Manchester's comment that 

the members of this generation were "withdrawn, cautious, unimaginative, 

indifferent, unadventurous and silent." The name was used by Strauss and 

Howe in their book Generations as their designation for that generation in 

the United States of America born from 1925 to 1942. The generation is also 

known as the ―Postwar‖ Generation and ―Seekers‖, when it is not neglected 

altogether and placed by marketers in the same category as the ―G.I.‖ or 

―Greatest" Generation.  

"The Greatest Generation" is a term coined by journalist Tom Brokaw to 

describe the generation who grew up in the United States during the 

deprivation of the Great Depression; and then went on to fight in World War 

II, as well as those whose productivity within the war's home front made a 

decisive material contribution to the war effort. It follows the ―Lost 

Generation‖ who fought in World War I and precedes the Silent Generation; 

who did not come of age until near the end of the war.  Baby Boomers are 

mostly the children of the Greatest Generation; although some are also sired 

by the silent generation.  Their grandchildren are mostly of Generation X and 

Generation Y.  The youngest members of the Greatest Generation may have 

Generation Z grandchildren. 

The Greatest Generation is generally agreed to have begun in 1901, as those 

people would have turned 18 after World War I ended. However, people 

born from 1901-1909 came of age during the 1920s and identified more with 

the culture of that decade than the 1930s and 1940s. The core of the 



20-20 Hindsight 
 

 32 

Greatest Generation consists of those born in 1914-1924; with 1925-1927 

forming a bridge to the Silent Generation. Most ‗Greatest Generation‘ 

members were the children of the ‗Lost Generation‘ (which spanned 1883-

1900).  Their children are generally Baby Boomers or Silent Generation. 

Generation Z [also known as Generation M (for multitasking), Generation C 

(for Connected Generation), the Net-Generation or the Internet Generation] 

is a common name in the U.S. and other Western nations for the group of 

people born from the early or mid 1990s to the present; with the earliest 

date starting in 1990.  The generation has grown up with the World Wide 

Web, which became increasingly available from 1991 onwards. The youngest 

of this generation were born during a minor fertility boom around the time of 

the U.S. Global financial crisis of the late 2000s (ending around the year 

2010); with the next "Generation i"22 succeeding.  The Gen Z people have 

been born and raised after the Cold War era and the fall of the Soviet Union.   

Their childhood has been taking place since the mid-1990s. Members of 

Generation Z are typically the children of Generation X; their parents may 

also include the youngest Baby Boomers as well as the oldest members of 

Generation Y.  Generation Z is highly connected, as many of this generation 

have had lifelong use of communications and media technologies such as the 

World Wide Web, instant messaging, text messaging, MP3 players, mobile 

phones, smartphones, touchscreens, iPhones, iPods, iPads as well as Tablet 

Computer technologies including: Kindle, Facebook, Twitter, iTunes, 

FaceTime and YouTube; earning them the nickname "digital natives".  

No longer limited to the home computer, the Internet is now increasingly 

carried in their pockets on mobile Internet devices such as mobile phones. A 

marked difference between Generation Y and Generation Z is that members 

of the former remember life before the takeoff of mass technology, while the 

latter have been born completely within it. This generation has also been 

born completely into an era of post-modernism and globalization.  According 

to Strauss-Howe generational theory, members of generation Z are under 

the Artist archetype which is very similar to that of the Silent Generation. 

Members of an Artist archetype, which Generation Z falls into, are in the 

domain of pluralism, expertise and due process. With the rise of technology 

                                                 
22

 Generation i is the middle child of the information age. To be born a few years earlier would mean to see the  
      personal computer and the internet as an new and exciting gadget, like the VCR or Walkman. A few years later  
      would be to arrive late to the show: to grow up in the presence of computers, smartphones, and the internet,  
      but not to grow up with them. Taken for granted, these things become black boxes; on the other hand, seen  
      as just another set of devices and applications, they lose their transformational potential. 

http://en.wikipedia.org/wiki/Digital_native
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and the internet, members of Generation Z are already small experts in their 

field of interest or study. While being exposed to multiculturalism in school 

and the globalized environment of the internet, many members of 

Generation Z are tolerant of other cultures and have a strong identity of 

their own culture and prefer not to be bicultural as in Generation Y. 

Generation Z are known for curating online at a rapid pace; sharing thoughts 

and observations on a variety of media, topics and products. With this 

increasing access to this online information pool, they are more aware of 

modern day challenges such as climate change; along with being exposed to 

a globalized, multicultural, diverse environment of the internet and social 

media that greatly influence their decision making process. 

According to Strauss-Howe generational theory, Generation Z, are ones that 

are born into a crisis and are overprotected children. Since the 1990s, 

children and teens were exposed to climate change controversy, school 

shootings, the rise of global terrorism such as the 9/11 attacks, global 

energy crisis, rising inflation of food/gas prices and the housing bubble burst 

along with the late 2000s financial crisis shortly after the collapse of the 

Soviet Union in 1991.  Generation Z members also grew up with the 

weakening of America as a global superpower and the emergence of China 

and India as global economic superpowers. The oldest members of 

Generation Z will be finally eligible to vote in the 2012 Presidential Election. 

Peer acceptance is important for members of Generation Z; with the rising 

anxiety caused by overprotective parents and teachers. 

In China, the post-80s (Chinese: 八零后世代 or 八零后) (i.e. born-after-1980 

generation; also sometimes called China's Generation Y) are those who were 

born between the year 1980 to 1989 in urban areas of Mainland China. 

These people are also called "Little Emperors" (or at least the first to be 

called so) because of the People's Republic of China's one-child policy. 

Growing up in modern China, China‘s Gen Y has been characterized by its 

optimism for the future, newfound excitement for consumerism and 

entrepreneurship and acceptance of its historic role in transforming modern 

China into an economic superpower.  Other Chinese generations are also 

named in a similar fashion, with post-90s (Chinese: 九零后) referring to 

modern teenagers and college students. Generation AO, the Always-On 

Generation (or Gen AO), was first used by Elon University professor Janna 

Quitney Anderson in 2012 to describe people born between the early 2000s 

and the 2020s whose lives have been influenced since their early childhood 

by connectivity afforded by easy access to people and the world‘s knowledge 

http://en.wikipedia.org/wiki/China%27s_Generation_Y
http://en.wikipedia.org/wiki/Little_Emperor_Syndrome
http://en.wikipedia.org/wiki/Elon_University
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through the Internet. A survey of 1,000 experts she and Lee Rainie 

conducted for the Pew Research Center Internet & American Life Project 

found that the generation brought up from childhood with a continuous 

connection to each other and to information will be nimble, quick-acting 

multi-taskers who count on the Internet as their external brain. The experts 

also predicted Gen AO will exhibit a thirst for instant gratification or quick 

fixes, a loss of patience and a lack of deep-thinking ability. Gen AO and 

Generation ―i‖ could become the harbingers of the projected demographic 

window of opportunity; as each represents a special case of the unknown. 

My belief is that Generation i (born roughly between 1975 and 1985) is the 

first generation, and possibly the last, to see and be a part of every stage: 

to be a part of the genesis, popularization, refinement and counter-

refinement of their age‘s defining technology. Note well that the innovation 

to market cycle contains the phases: invention, introduction, internalization 

and integration.  In the example of the automobile, each stage is relegated, 

roughly, to a generation. The inventing generation sells to the adopting 

generation; which ‗brings up‘ the integrative generation. Furthermore, the 

inventing generation cannot be the adopting generation and the rate of 

progression in this case prohibited the adopting generation from being the 

integrative generation. For the car, it took around 50 or 60 years (arguably 

more) for it to reach its ultimate stage. 

As even a casual student of history can see, the rate of technological and 

cultural advancement has ever accelerated; of course with some 

interruptions due to warfare and subjugation. This is first observable in the 

length of ―ages‖—the stone age; 40,000 years. The bronze age; 2000 years. 

The iron age; 1000 years. Moore‘s Law was once a simple prediction; now 

it‘s practically a force of nature.  Let us look at recent history, to prime our 

minds for the idea of what I would call a ―generational technology.‖  The car 

is a perfect example.   

Prototyped in the late 19th century, manufactured widely in 1915, 

increasingly affordable and common over the next 30 years, then producing 

a ―car-culture‖ in the 50s and 60s; followed by an increasingly consumer-

ized nature as the automobile was integrated completely into civilization and 

cities and lives began to be designed around it.  Today the integration is 

complete and perhaps we are on the verge of another change; maybe to a 

post-car world--I don‘t know--but the divisions in the car‘s history, you see, 

are a lot like generational periods.  The specific dates and years aren‘t 

http://en.wikipedia.org/wiki/Pew_Research_Center
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important; as generations are a sort of rolling concept and the lines are 

wherever the historian finds them convenient to be.  So let us look at the 

stages of the car: 

Hammer stage: During this time, the concept and platform of the 

automobile were being determined by the founders and inventors. Things 

like setting down how many wheels a car will have, which method of 

propulsion it will use, the materials it will be built from and so on. There was 

surely some bickering here, as there was between AC and DC when 

prototyping electrical devices, but one fundamental form is almost always 

selected -- and for the car it was: four wheels, front engine and internal 

combustion. This stage is performed entirely by an older generation of 

inventors, investors and engineers. 

Paper stage: This is the period where the creators turned the design over 

to the marketers, who make it into a product. Extra features were created 

within the confines of the pre-established framework, manufacturing 

methods were improved, the whole process made faster or other steps taken 

to make the technology affordable and attractive. For the car this was of 

course improvement in reliability, luxury and speed - among other things. It 

is a stage of intense competition among marketers who must both inform 

and sell to the public; to whom the idea of the car (in, say, 1925-1940) is 

still new and barely affordable. They are largely ignorant on the subject and 

are likely skeptical. 

Tinker stage: Once the car was adopted by consumers at large, as cars 

were by the close of World War II, the next (very numerous) generation 

grew up with the ―new‖ technology taken — I don‘t want to say for granted 

but perhaps as granted. The car culture of the 50s and 60s was a result of a 

generation of people in tune with an important and exciting technology; a 

generation as familiar with the car as they were with the clock. There was an 

expansion of the purposes of the car during this time as well as a great 

improvement in their quality - since this generation, having grown up with 

cars, would work to provide the advancements that were not possible under 

the auspices of either their parents or the inventors - whose ideas were 

likely no longer applicable. This positive feedback loop, as in other 

technologies, leads to a second push and prepares the way for the fourth 

stage. 
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Mirror stage: Once the car had been proposed, adopted and grown up 

alongside of (in the three previous ages respectively), it was ready to 

become fully integrated. Not just because it had gotten to a certain level of 

affordability or reliability but because it was an integral part of the modern 

person‘s life already - and now the task was to shape civilization around it. 

While the highway creation act in 1956 obviously wasn‘t driven by 10-year-

old baby boomers, the obligation of government and industry to 

acknowledge the growing importance of the automobile was clear enough 

once it was recognized at large as foundational. In this stage nearly 

everyone is part of the process; the automobile has impressed itself on 

civilization and civilization must now reflect it more fundamentally.  The term 

‗Mirror Stage‘ is actually an existing psychological one and refers to the 

period at which a child becomes captivated with its own image.  I thought it 

loosely appropriate. 

Every generation thinks that they are the ‗first‘. The ‗first‘ to feel this way or 

that, the ‗first‘ to make this or that revelation, the ‗first‘ to do and make 

things that we find later have been done and made since before we could 

record their doing and making…but while these illusory and fleeting firsts are 

common to every generation, there are true firsts being achieved constantly; 

though they are often subtle enough that they are not noticed even by those 

in their midst. My generation has been lucky enough to be part of a very 

important first.   

The personal computer (in all its forms) has grown to be, I would say, the 

single greatest potential source of prosperity in history.  It has enabled the 

internet and a consequent democratization of all sorts of arts and 

information, as well as the ongoing destabilization of financial institutions via 

distributed money transfers.  The revolution, and it really was one, is 

ongoing.  How unlike the world of 2000, of 1990, is the present day? …And 

2020 will be doubly, triply removed.  As technology further enables itself, 

the positive feedback creates a greater rate of advance; and thus our 

acceleration. 

I propose that Generation “i”, for a number of reasons, is the only one to 

which the rate of advancement of technology was exactly fitted. At no other 

time in history, and perhaps never in the future, will there be a group of 

people whose own growth and maturation is so perfectly reflected in the 

principal technological and cultural advancement of the age. It‘s a serious 

claim, but I hope to show that it‘s founded in observation and not egomania.  
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Allow me a remark further before I begin; that I am not claiming any special 

merit for this generation, only a special situation.  I speak of ―advancement‖ 

or ―progress‖ as if they were objectively measurable, but for the purposes of 

this study, let us consider them to be the progressively sophisticated 

bending of the natural world to our needs and wants.  Like the automobile, 

the computer was a long time coming and was enabled by advances in many 

other technologies and disciplines. Early computing was as an exercise in 

logic, mathematics and electrical engineering -- its early advances academic.  

What defined the automobile, and what has defined both the computer and 

the age in which it has proliferated, was not in fact the creators (brilliant 

though they were), who were the implements of history, but the people who 

used them and guided their use. For the car, that definition was stretched 

out over long decades; and people grew old while automobile technology 

remained young.  For the personal computer and the internet, the infancy of 

the technology coincided with the infancy of my daughter‘s generation; its 

adolescence with her adolescence; its growth with her growth.  

Such a pas-de-deux has no precedent in history and, for all we know, may 

have no equal in futurity. Computers around 1980 were ugly, limited and 

expensive machines. They performed a few of the functions we still value 

today (word processing, calculating, games) but had no GUI and little 

connectivity.  In 1990 the GUI and the more complex tools it enables begin 

to flourish and become fundamental to the PC experience as Windows 3.0 

and the Mac Classic hit the market.  Shortly after that, the first affordable 

modems, BBS‘s, AOL, its chat-rooms and fake internet…then the revelation 

of the true web with Mosaic, Internet Explorer and so on. 

I won‘t waste your time with further details you‘re almost certainly familiar 

with (having lived through them) but you must see the way things are not 

moving at the rate of a stage-per-generation like the car.  No, they moved 

more quickly--but not so quick that we lost track. This particular speed of 

maturation (from ―infancy‖ to ―adulthood,‖ which we may define as Windows 

XP or OS/X; after that I believe the core functionality of the PC OS has not 

been substantially altered); which is roughly the same as the speed of 

maturation for a human being. Generation “i” has the privilege of being the 

computer‘s twin sibling, if you will. 

Generation-i reflects the burst of technology which in the last decade has 

become commonplace and the prefix ―i-‖ has become a universal indicator of 
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technology. Yes, it‘s a bit of a capitulation to Apple, but let‘s not fool 

ourselves: the iPod and iMac immediately became so synonymous with 

personal technology that i- became generic almost overnight. So we‘ve got 

Generation-i. Generation-i is also ‗Generation Me‘; signaling the increasing 

independence and compartmentalization of the social order that is the result 

of the personal computer and the internet -- our totem technologies. It‘s the 

paradox of instant connection and constant isolation. 

Though the virtue of being born at the right time is not ours to claim, nor is 

it simply a novelty that Generation-i has grown up in tandem with a world-

defining technology. As they grew up with it, they have seen and 

participated in all the stages of generational technology. They witnessed as 

children the squabbling between Atari, Microsoft, Amiga and all the others - 

as they beat the raw metal of computing technology into a shape the world 

could use.   

They knew it when it was young, and then they helped it become a 

household technology by simply being in the household; the way ―baby 

boomer‖ kids like myself grew up around cars and ended up knowing cars 

better than any generation before them (until they computerized them).  

However, cars (as a technology) practically stood still for the car kids‘ 

formative stages.  Not so for Generation-i.   

Every year the computer was changing its case, its OS, its capabilities, its 

interface — everything changed about it, but they still recognized it the way 

they‘d recognize an old playmate year after year…who, though changing in 

size, aspect and ability…they still know. That is how Generation-i 

incorporated the computer, the internet, the smartphone and whatever 

comes next. Not as a series of devices, but as the natural progression of a 

friend whom they know, by sight, in spite of the changes wrought by time 

and culture.  

It is probably true, as Massey and Ziglar professed, that every distinct 

generation is born into a confluence of circumstances that is consequential in 

its own way. Generation-i has been often maligned as a ‗passive‘ generation; 

one of only consumption and luxury. That might be actually true, as far as it 

goes, but there is potentially much more beneath the Generation-i surface.   

Who would have thought that the boomers, flower children and hot-rodders 

in the 60s, would be galvanized by the civil rights movement and Vietnam; 

emerging to become the most powerful demographic in the country (and 
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perhaps the world) for decades running? Obviously the pioneers of the 

information age are largely baby boomers and, of course, Generation X is 

one of the great utilizers of technology.  However, kids today fulfill many of 

the same conditions that I think make Generation-i so special.  

While Generation-i members haven‘t actually contributed much to the 

progress of the personal computer and the internet; like the ―baby boomer‖ 

generation during the 1960s, they aren‘t quite ready to make their mark. 

The fact is: they‘re just starting out.  What changes the world will know in 

the next 20 years are impossible to predict, but you better believe that 

Generation-i are going to set their shoulders to it.  The Mirror Stage awaits. 

What is the Likely Future of Generation AO in 2020? 

China has set a major goal for indigenous innovation and a circular economy 

by the year 2020; according to their strategic plan.  Between now and 2020 

the teens-to-20s age group of the always-on generation will benefit, and 

suffer, thanks to their reliance on rapidly evolving digital information 

networks.  They will approach problems in a different way from their elders. 

"There is no doubt that brains are being rewired," said Danah Boyd of 

Microsoft Research.  

In a new survey, Boyd and more than 1,000 other technology stakeholders 

(and critics) discussed their expectations for hyper-connected youth.  Report 

co-author and ―Imagining the Internet‖ director Janna Quitney Anderson 

refers to the teens-to-20s age group born between the turn of the century 

and the 2020s as Generation AO, for ―always on."  

―They are growing up in a world that offers them instant access nearly 

everywhere to nearly the entirety of human knowledge, with incredible 

opportunities to connect, create and collaborate. While most of the survey 

participants see this as mostly positive, some said they are already 

witnessing deficiencies in young people‘s abilities to focus their attention, be 

patient and think deeply. Some experts expressed concerns that trends are 

leading to a future in which most people become shallow consumers of 

information; endangering society." 

Many of the experts surveyed by Elon University‘s (NC) Imagining the 

Internet Center and the Pew Research Center‘s Internet & American Life 

Project predicted this generation will be good at connecting, collaborating 

and working quickly. They also expect their characteristics to include a thirst 
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for instant gratification and quick fixes and a lack of patience and deep-

thinking ability due to what one referred to as ―fast-twitch wiring.‖  

Lee Rainie, director of the Pew Internet Project, a second co-author of the 

report says the experts called for a transformation of education. ―There is a 

palpable concern among these experts that new social and economic 

divisions will emerge as those who are motivated and well-schooled reap 

rewards that are not matched by those who fail to master new media and 

tech literacies. They called for reinvention of public education to teach those 

skills and help learners avoid some of the obvious pitfalls of a hyper-

connected lifestyle.‖ Survey participants were also asked to predict the 

most-desired life skills for young people in 2020.  Among those they listed 

are: 

 Public problem-solving through cooperative work (sometimes referred to as crowd-

sourcing solutions or using collective intelligence) 

 

 The ability to search effectively for information online and to be able to discern the 

quality and veracity of the information one finds and then communicate these findings 

well (referred to as digital literacy)  

 

 Synthesizing (being able to bring together details from many sources) 

 

 Being strategically future-minded 

 

 The ability to concentrate 

 

 The ability to distinguish between the “noise” and the message in the ever-growing sea 

of information 

The most recent tech-usage studies by the Pew Internet Project show how 

immersed teens and young adults are in the tech environment and how tied 

they are to the mobile and social sides of it. Some 95% of teens ages 12-17 

are online, 76% use social networking sites and 77% have cell phones. In 

addition, 96% of those ages 18-29 are Internet users, 84% use social 

networking sites and 97% have cell phones.  More than half of those in that 

age cohort have smartphones and 23% own tablet computers like iPads. 

People are tuning into communications technologies - many of which 

primarily offer massive amounts of user-generated, shallow-dive information 

- at an ever-expanding level.   Some recent indicators: 

 Nearly 20 million of the 225 million Twitter users follow 60 or more Twitter 

accounts and nearly 2 million follow more than 500 accounts 

 There are more than 800 million people now signed up for the social network 

Facebook; they spend 700 billion minutes using Facebook each month and they 

install more than 20 million apps every day. Facebook users had uploaded more 

than 100 billion photos by mid-2011. 
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 YouTube users upload 60 hours of video per minute and they triggered more than 

1 trillion playbacks in 2011 – roughly 140 video views per person on earth 

 

Respondents to the Elon University-Pew Internet survey were presented with 

two potential 2020 scenarios, asked to choose one and encouraged to 

―Explain your choice about the impact of technology on children and youth 

and share your view of any implications for the future. What are the 

positives, negatives and shades of grey in the likely future you anticipate? 

What intellectual and personal skills will be most highly valued in 2020?‖  

This yielded a wonderful outpouring of opinion about the likely future. The 

environment itself will be full of data that can be retrieved almost 

effortlessly; and it will be arrayed in ways to help people navigate their lives. 

Teen brains are being rewired to adapt to the new information-processing 

skills they will need to survive in this environment.  Memories are becoming 

hyperlinks to information triggered by keywords and URLs.  

We are becoming ‗persistent paleontologists‘ of our own external memories, 

as our brains are storing the keywords to get back to those memories and 

not the full memories themselves. Young people accustomed to a diet of 

quick-fix information nuggets will be less likely to  undertake deep, critical 

analysis of issues and challenging information. Shallow choices, an 

expectation of instant gratification and a lack of patience, are likely to be 

common results. One possible outcome is stagnation in innovation. 

Another possibility, though, is that evolving social structures will create a 

new ―division of labor‖ that rewards those who make swift, correct decisions 

as they exploit new information streams and rewards the specialists who 

retain the skills of focused, deep thinking. New winners and losers will 

emerge in this reconfigured environment; the ‗left-behind‘ will be mired in 

the shallow diversions offered by technology.  A key differentiator between 

winners and losers will be winners‘ capacity to figure out the correct balance 

in this new environment. Just as we lost oral tradition with the written word, 

we will lose something big, but we will gain as well.  As Sophocles once said, 

―Nothing vast enters the life of mortals without a curse‖.  

Reform of the education system is necessary to help learners know how to 

maximize the best and minimize the worst. Reform could start by 

recognizing that distractions of all kinds are the norm now. Educators should 

teach the management of multiple information streams; emphasizing the 

skills of filtering, analyzing and synthesizing information.  Also of value is an 
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appreciation for silence, focused contemplation and lessons in ignoring 

people.  There are concerns about new social divides.  I suspect we‘re going 

to see an increased class division around labor and skills and attention. 

A portion of respondents challenged the premise of the tension pair; arguing 

that the move from a text-based society will change people‘s patterns of 

thinking, but not the ―wiring‖ of their brains.  Scholars at the University of 

Southern Denmark have coined the wonderful phrase ‗the Gutenberg 

Parenthesis‘ to examine the shift into and now out of a textually based 

society.  Others noted research that challenges the idea that people can be 

―multi-taskers.‖  People really toggle between tasks and ―time slice‖ -- their 

attention into ever-smaller chunks of time. There is evidence now that 

―super-taskers‖ can handle several complicated tasks well. Some argued 

that technology is not the issue as much as bedrock human behavior is.  The 

―moral panic‖ over digital technology seems to be wired into us—it parallels 

previous concerns about media that have not led to the downfall of 

civilization. 

Futurist John Smart, president and founder of the Acceleration Studies 

Foundation, recalled an insight of economist Simon Kuznets about evolution 

of technology effects known as the Kuznets curve: ―First-generation tech 

usually causes ‗net-negative‘ social effects; second-generation ‗net-neutral‘ 

effects; by the third generation of tech—once the tech is smart enough, and 

we've got the interface right, and it begins to reinforce the best behaviors—

we finally get to ‗net-positive‘ effects. We'll be early into conversational 

interface and agent technologies by 2020, so kids will begin to be seriously 

intelligently augmented by the Internet.‖  There will be many persistent 

drawbacks, however, so the effect at this point will be ‗net-neutral‘. 

The biggest problem from a personal-development perspective will be 

motivating people to work to be more self-actualized, productive and civic 

than their parents were. They'll be more willing than ever to relax and 

remain distracted by entertainments amid accelerating technical 

productivity. As machine intelligence advances, the first response of humans 

is to offload their intelligence and motivation to the machines. That's a 

dehumanizing, first-generation response. Only the later, third-generation 

educational systems will correct for this. 

By 2020... technology will be so seamlessly integrated into our lives that it 

will effectively disappear.  The line between self and technology is thin 
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today; by then will it effectively vanish?  Will we think with, think into, and 

think through our smart tools but their presence and reach into our lives be 

less visible? 2020 youth could assume their minds and intentions are 

extended by technology; while tracking technologies will seek further 

incursions into behavioral monitoring and choice manipulation.   

Children then may assume this is the way the world works.  The cognitive 

challenge children and youth will face (as we are beginning to face now) is 

integrity; the state of being whole and undivided (rather than the moral 

variety). There will be a premium on the skill of maintaining presence, of 

mindfulness, of awareness in the face of persistent and pervasive tool 

extensions (or incursions) into our lives.  Is this my intention, or is the 

tool inciting me to feel and think this way? That question, more than 

multitasking or brain atrophy due to accessing collective intelligence via the 

internet, will be the challenge of the future. 

There is no doubt that most people who are using the new communications 

technologies are experiencing the first scenario as they extend themselves 

into cyberspace. The techniques and mechanisms to engage in rapid-fire 

attention shifting will be extremely useful for the creative class whose job it 

is to integrate ideas; they relish opportunities to have stimuli that allow 

them to see things differently. The human brain is wired to adapt to what 

the environment around it requires for survival.  Today and in the future it 

will not be as important to internalize information but to elastically be able to 

take multiple sources of information in, synthesize them and make rapid 

decisions.   

Memories are becoming hyperlinks to information triggered by keywords and 

URLs.  We are becoming ‗persistent paleontologists‘ of our own external 

memories; as our brains are storing the keywords to get back to those 

memories and not the full memories themselves. Morley Winograd, author of 

Millennial Momentum: How a New Generation is Remaking America, echoed 

the keyword-tagging idea. ―Millennials are using packet-switching technology 

rather than hard-wired circuit switching to absorb information. They take a 

quick glance at it and sort it and/or tag it for future reference if it might be 

of interest.‖ Cathy Cavanaugh, an associate professor of educational 

technology at the University of Florida, noted, ―Throughout human history, 

human brains have elastically responded to changes in environments, 

society, and technology by ‗rewiring‘ themselves. This is an evolutionary 

advantage and a way that human brains are suited to function.‖   
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The amazing plasticity of the brain is nowhere as evident in the rapid 

adaptations humans are making in response to our unprecedented access to 

electronic information.  Those who bemoan the perceived decline in deep 

thinking or engagement, face-to-face social skills and dependency on 

technology fail to appreciate the need to evolve our processes and behaviors 

to suit the new reality and opportunities.  Young people and those who 

embrace the new connectedness are developing and evolving new standards 

and skills at a rate unprecedented in our history.  Overall, our ability to 

connect, share and exchange information with other human beings is a 

strong net positive for humanity.  

Adults have to recognize the need for young people to explore the world 

widely and build future skills.  If we keep restricting the mobility of young 

people, online and offline, we will be curbing their ability to develop social 

skills writ large.  This has nothing to do with technology but with the fears 

we have about young people engaging with strangers or otherwise 

interacting with people outside of adult purview. 

A new page is being turned in human history, and while we sometimes worry 

and most of the time stand amazed at how fast (or how slowly) things have 

changed, the future is bright for our youth worldwide.  The youth of 2020 

will enjoy cognitive ability far beyond our estimates today; based not only on 

their ability to embrace ADHD as a tool but also by their ability to share 

immediately any information with colleagues, friends and/or family members 

(selectively and rapidly). Technology, by 2020, will enable the youth to 

ignore political limitations (including country borders) and especially ignore 

time or distance as an inhibitor to communications.  

There will be heads-up displays in automobiles, electronic executive 

assistants and cloud-based services they can access worldwide simply by 

walking near a portal and engaging with the required method such as an 

encrypted proximity reader (surely it will not be a keyboard).  I have already 

seen youths of today between 20 and 35 who show all of these abilities; all 

driven by and/or enabled by the internet and the services/technologies that 

are collectively tied to (and by) it.  This evolution is positive.   

It seems easy to decry the attention span of the young and to mourn the 

attendant loss of ―long-form‖ content—who will watch Citizen Kane with rapt 

attention when your Android tells you Rosebud was a sled?  On 

consideration, though, the internet has brought forward not only education, 
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but thinking. While we still want to cultivate in our youth the intellectual 

rigor to solve problems both quantitatively and qualitatively, we have gotten 

them out of the business of memorizing facts and rules -- and into the 

business of applying those facts and rules to complex problems.   

In particular, I have hope for improved collaboration from these new 

differently ‗wired‘ brains; for these teens and young adults are learning in 

online environments where working together and developing team skills 

allows them to advance.  Values will evolve alongside the evolution in ways 

of thinking and knowing.  Whatever happens, we won't be able to come up 

with an impartial value judgment because the change in intellect will bring 

about a change in values as well.   

We will think differently; and a large part of that will be as a result of being 

capable of exploiting a new communicative environment. People of all ages 

are adjusting to a world where ‗facts‘ are immediately discoverable; and 

judgment between ‗competing‘ facts becomes a primary skill.  They will be 

more nimble and enjoy the access that is available to them interact with 

their peers…to see, hear, learn, observe and be entertained—not necessarily 

in that order.  They will have greater flexibility in the world of employment 

as well. They are used to using the complex interfaces from childhood.   

It results in a brain better able to assimilate software structure, to organize 

and resolve complex problems more quickly and almost appear to be ‗wired‘ 

differently than my generation.  Positively; they may operate at a much 

quicker rate in terms of decision-making, analysis and methodology than my 

generation.  Negatively, they might be missing the sheer joy of play; of 

conversation or quiet contemplative moments due to the interruptions of 

their lives by electronic communication. 

Negative Effects: lack of concentration & loss of patience / need for instant 

gratification & social affirmation 

A number of the survey respondents who are young people in the under-35 

age group—the central focus of this research question—shared concerns 

about changes in human attention and depth of discourse among those who 

spend most or all of their waking hours under the influence of hyper-

connectivity.  The short attention spans resulting from the quick interactions 

will be detrimental to focusing on the harder problems and we will probably 

see a stagnation in technology; even social venues such as literature.  The 
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people who will strive and lead the charge will be the ones able to disconnect 

themselves to focus on specific problems.  When the emphasis of our social 

exchanges shifts from the now to the next; and the social currency of being 

able to say ‗I was there first‘ rises, we will naturally devalue retrospective 

reflection and the wisdom it imparts. 

The impact of a future ‗re-wiring‘ due to the multitasking and short-term 

mindset will be mostly negative not because it will reflect changes in the 

physical nature of thinking, but because the social incentives for deep 

engagement will erode.  We will likely retain deep-thinking capability if we 

just reward it sufficiently in many of our social institutions.  Perhaps the 

issue is, how will deep thinking get done—including by whom—rather than 

will everyone be able to do deep thinking.  In other words, division of labor 

may change. 

The biggest consequence I foresee is an expectation of immediacy and 

decreased patience among people. Those who grow up with immediate 

access to media (quick response to email and rapid answers to all questions) 

may be less likely to take longer routes to find information; seeking ‗quick 

fixes‘ rather than taking the time to come to a conclusion or investigate an 

answer. However, students who participated in the survey tended to express 

concerns about their peers‘ ability to get beyond short-burst connections to 

information. People also reported having more difficulty with sustained 

attention (i.e., becoming immersed in a book).  

Today, we have very young, impressionable minds depending on technology 

for many things. It is hard to predict the ways in which this starves young 

brains of cognitive ability earned through early hands-on experiences.  It is 

likely to continue to contribute to the rise in childhood obesity as well, which 

further hinders cognitive function.  

Where is technology taking our collective consciousness and ability to 

conduct critical analysis and thinking, and, in effect, individual determinism 

in modern society?  My sense is that society is becoming conditioned into 

dependence on technology in ways that, if that technology suddenly 

disappears or breaks down, will render people functionally useless.  What 

does that mean for individual and social resiliency?  Communication in all 

forms will be more direct; fewer of the niceties and supercilious greetings 

will exist.  Idle conversation skills will be mostly lost.   
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I wonder if we will even be able to sustain attention on one thing for a few 

hours—going to a classical concert or film, for instance. Will concerts be 

reduced to 30 minutes?  Will feature-length films become anachronistic? 

Discussions based around internet content will tend to be pithy, opinion-

based and often only shared using social media with those who will 

buttress—rather than challenge—political, ideological or artistic beliefs. 

Increasingly, teens and young adults rely on the first bit of information they 

find on a topic; assuming that they have found the ‗right‘ answer, rather 

than using context and vetting/questioning the sources of information to 

gain a holistic view of a topic.   

Constant broadcasts don‘t make it easy for the individual to step away and 

work through an issue or concern without interruption.  Parents and kids will 

spend less time developing meaningful and bonded relationships in 

deference to the pursuit and processing of more and more segmented 

information competing for space in their heads, slowly changing their 

connection to humanity.  

Politicians in control of media communications depend upon this 

environment to insert propaganda and disinformation. How/why should we 

expect the next generation to be ‗different‘ (implication = more 

evolved/better) when they‘re raised in a culture increasingly focused on 

instant gratification with as little effort as possible?  It‘s simply not possible 

to discuss, let alone form societal consensus around, major problems 

without lengthy, messy conversations about those problems.  A generation 

that expects to spend 140 or fewer characters on a topic and rejects nuance 

is incapable of tackling these problems.  Some feedback: 

“Why are we creating a multitasking world for ADD kids? The effects will be 

more telling than just the Twitterfication of that generation. There have been 

articles written about how they're losing their sense of direction (who needs 

bearings when you have Google Maps or a GPS?). Who needs original 

research when you have Wikipedia?” 

“Human society has always required communication. Innovation and value 

creation come from deeper interaction than tweets and social media postings. 

Deeper engagement has allowed creative men and women to solve problems. If 

Thomas Edison focused on short bursts of energy, I doubt he would have 

worked toward the creation of the light bulb.” 

“„Fast-twitch‟ wiring among today's youth generally leads to more harm than 

good. Much of the communication and media consumed in an „always-on‟ 

environment is mind-numbing chatter. While we may see increases in 

productivity, I question the value of what is produced.” 
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“There is less time for problems to be worked out, whether they are of a 

personal, political, economic, or environmental nature. When you (individual 

or collective) screw up (pollute, start a war, act in a selfish way, or commit a 

sexual indiscretion as a public person) everyone either knows very quickly or 

your actions affect many people in ways that are irreversible.” 

“They should all be forced to whittle a whistle while sitting on a porch with 

nothing but the trees and birds for company.” 

“Long-form cognition and offline contemplative time will start to be viewed as 

valuable and will be re-integrated into social and work life in interesting and 

surprising ways.” 

Annette Liska, an emerging-technologies design expert, observed, ―The 

idea that rapidity is a panacea for improved cognitive, behavioral, and social 

function is in direct conflict with topical movements that believe time serves 

as a critical ingredient in the ability to adapt, collaborate, create, gain 

perspective or many other necessary (and desirable) qualities of life.  Areas 

focusing on ‗sustainability‘ make a strong case in point: slow food, traditional 

gardening, hands-on mechanical and artistic pursuits, environmental politics 

and those who eschew Facebook in favor of rich, active social networks in 

the ‗real‘ world.‖ 

Enrique Piraces, senior online strategist for Human Rights Watch, said 

communication and knowledge acquisition are increasingly mediated by 

technology, noting that by 2020, ―A significant part of the knowledge that 

anyone can discover will be processed by ‗third-party brains.‘ Machines will 

learn from that processing, but I‘m afraid the subjects won't develop deep 

thinking based on this.‖ 

Robert F. Lutes, director of Valley Housing and Economic Authority, says 

technology is taking humanity down a harmful path. ―We have, by-and-

large, created a ‗feed-me/fix-me‘ generation of sound-bite learners. They 

are not given the skills to retain anything more than short bits of 

information. Hence the new generation of computer skills found on social 

network site such as Twitter, Facebook, et al., are quite easy to grasp hold 

of and only serve to widen their realms of friends…HP and IBM both dropped 

their sales of laptop computers for the 2020 generation. Most of the other 

mainstream companies will continue to do so. CD‘s and DVD‘s will be totally 

absent from the scene by that time. Nanotechnology, cloud computing, flash 

drives and so forth will be the order of the day.  

Over the course of the past three years, touchpad technology has exploded 

exponentially in usage and available applications. These will become the 



20-20 Hindsight 
 

 49 

books, communications media, and everything. Face-to-face time will be 

calculated in terms of touchscreen camera time and not in face-to-face 

human contact. Much of this is true in the decade of the 2010‘s. The 

‗hardwiring‘ of the basic core or fabric of the individual will not change; it is 

technology applications and their outcomes that should be of 

concern…Stagnation of the whole population will come as a result of lack of 

the skills of innovation, deep thinking and a lack of desire or urgent need to 

fulfill basic human drives in proper human interactions.‖ 

A number of respondents to the survey expressed concerns over the health 

and well-being of young people by 2020.  Keith Davis, a team leader for a 

U.S. Defense Department knowledge-management initiative, noted, 

―Technology is taking more and more of our children‘s time, and not much of 

the internet time is spent learning. Time once spent outside (as a child) is 

now spent on computers. Our children are becoming sedentary and 

overweight at an alarming rate. Weight gain and that type of lifestyle causes 

apathy in our children.  Social skills will be lost, and a general understanding 

of common sense will be a thing of the past—common sense = Web search. 

Here is my 2020 prediction: 60% of children over the age of 15 are 

overweight in the U.S., and the Web traffic to non-learning sites has grown 

threefold.‖ 

Bruce Nordman, a research scientist at Lawrence Berkeley National 

Laboratory and active leader in the Internet Engineering Task Force, 

expressed concerns over people‘s information diets, writing: ―The overall 

effect will be negative, based on my own experience with technology, 

attention, and deep thinking (I am 49), and observing my children and 

others. I see the effect of television as a primary example, in which people 

voluntarily spend large amounts of time in mentally unhealthy activity. I also 

see our crisis of obesity as informative, as the wide availability of both 

healthy and unhealthy food ends up with many people eating large amounts 

of unhealthy food and abandoning healthy habits like exercise. While I am 

quite willing to believe that some ‗wiring‘ differences are occurring and will 

occur, they will be a modest effect compared to others.‖ 

Result likely to be a wide-ranging mix of positives / negatives  – and not just for young people 

Eugene Spafford, a professor of computer science and engineering at 

Purdue University, responded that many young adults are unable to function 

in a confident and direct manner without immediate access to online sources 
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and social affirmation. He observed: ―The ability to express opinion and 

emotion is replaced with flaming and emoticons, which are much less 

nuanced. The level of knowledge of the world around many young adults—

cultural, political, historical, scientific—seems reduced in favor of greater 

knowledge of pop culture. There is also a blurring in their minds between 

facts and opinions because both are presented in quantity with similar polish 

and forcefulness, and verification and reasoning have been replaced by 

search engine results. The resulting acceptance of bombast for fact is 

damaging in nearly all fields of formal inquiry.‖ 

Megan Ellinger, a user-experience analyst for a research organization 

based in Washington, DC, noted that it is becoming more difficult to find 

truth. ―The negative learning behavior and cognition I see occurring by 2020 

is rooted in our society's ability to assess information at a deeper level and 

to determine what is fact and what is fiction,‖ she wrote. ―It‘s an issue that 

is not unique to future generations, but one I imagine will become more 

challenging as we generate more collective ‗intelligence.‘‖ 

Many survey participants said always-on connectivity to global information is 

a double-edged sword. Dave Rogers, managing editor of Yahoo Kids, 

observed that there will be winners and losers as this technology evolves. 

―Certainly,‖ he noted, ―there will be some teens and young adults who will 

suffer cognitive difficulties from unhealthy use of the internet, Web, social 

media, games, and mobile technology. These problems will arise not 

because of the technology but because of wholly inadequate adult guidance, 

training, and discipline over young people's use of the technology. But most 

teens and young adults will prosper as described in the first option.‖ 

He said one plus is that mobile connectivity is rapidly transforming the lives 

of children. ―The learning and cognitive development made possible by 

tablets is much more ‗natural,‘ more in keeping with the evolutionary-driven 

development of young minds because it is so much less dependent upon 

cognitive skills that the youngest children have not yet developed (e.g., 

advanced verbal abilities),‖ he wrote. ―It‘s still early, but I believe we will 

see significant, positive and even astounding improvements in the cognitive 

abilities of young people within next five years.‖ 

Youth expert Morley Winograd said the Millennial generation will drive 

positive change in the next decade. ―When Millennials remake our 

educational institutions so that they reflect this internet-based architecture, 
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rather than the broadcast, ‗expert in the center‘ framework of today's K-

doctorate educational systems,‖ he wrote, ―then their ability to process, if 

not actually absorb, a greater amount of information will be used to produce 

positive outcomes for society. But that will take longer than eight years to 

accomplish.‖ 

―I made the optimistic choice, but in reality, I think that both outcomes will 

happen,‖ noted Hal Varian, chief economist at Google. ―This has been the 

case for every communications advance: writing, photography, movies, 

radio, TV, etc. There‘s no reason to believe that the internet is any different. 

It will provide ways to save time, and ways to waste time, and people will 

take advantage of both opportunities. In balance, however, I lean toward 

the more optimistic view since a larger fraction of the world's population will 

now be able to access human knowledge. This has got to be a good thing.‖ 

Alexandra Samuel, director of the Social + Media Centre in Vancouver, 

Canada, said it is important to recognize that cultural and generational 

biases have always influenced the way older people perceive how young 

people think and spend their time. ―If we can stop fretting about what we‘re 

losing we can make room to get excited about what we‘re gaining: the 

ability to multitask, to feel connected to ‗strangers‘ as well as neighbors, to 

create media unselfconsciously, to live in a society of producers rather than 

consumers,‖ she said. ―The question we face as individuals, organizations, 

educators and perhaps especially as parents is how we can help today's kids 

to prepare for that world—the world they will actually live in and help to 

create—instead of the world we are already nostalgic for.‖ 

Computing pioneer and ACM Fellow Bob Frankston, predicted that people 

will generally take all of this in stride. ―We will re-norm to the new tools,‖ he 

said. ―We have always had ‗mall rats‘ and we've had explorers. Ideally, 

people will improve their critical thinking skills to use the available raw 

information. More likely, fads will continue.‖ 

Jerry Michalski, founder and president of Sociate, asked, ―What if we‘re 

seeing a temporary blip in behavior because an Aleph has suddenly opened 

in the middle of civilization, a Borges-like hole through which anyone can 

talk to anyone, and anyone can see everything that ever happened and is 

happening now? Because this has never existed, all the way back through 

prehistory, of course we‘re seeing addictive and compulsive behaviors. 

Naturally. The big question seems to me to be whether we'll regain our 
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agency in the middle of all this, or surrender to consumerism and 

infotainment and live out a WALL-E world that's either Orwell's or Huxley's 

misanthropic fantasies in full bloom. I think we‘re figuring out how to be 

human again amid all this, and that we'll all learn how to use the new 

technologies to multitask as well as to dive deep into materials; weaving 

contexts of meaning that we haven't seen before.  Call me an optimist.‖  

Tiffany Shlain, director of the film Connected and founder of the Webby 

Awards, posted: ―We are evolving and we are going to be able to access so 

much knowledge and different perspectives that we will come up with new 

ideas and new solutions to our world's problems,‖ she responded. ―The key 

will be valuing when to be present and when to 

unplug. It is the core of what makes us human 

is to connect deeply, so this always will be 

valued. Just as we lost oral tradition with the 

written word, we will lose something big, but 

we will gain a new way of thinking.‖ 

Martin D. Owens, an attorney and author of 

Internet Gaming Law, also pointed out the dual 

effects of human‘s uses of technologies, writing, 

―Good people do good things with their access 

to the internet and social media—witness the 

profusion of volunteer and good cause apps and 

programs which are continually appearing, the investigative journalism, the 

rallying of pro-democracy forces across the world. Bad people do bad things 

with their internet access. Porno access is all over the place—if you want it.  

Even Al Qaeda has a webpage, complete with interactive social games with a 

terrorist bent like Make a Bomb in the Kitchen of Your Mom. Just as with 

J.R.R. Tolkien's ring of power, the internet grants power to the individual 

according to that individual's wisdom and moral stature. Idiots are free to do 

idiotic things with it; the wise are free to acquire more wisdom. It was ever 

thus. Each new advance in knowledge and technology represents an increase 

in power, and the corresponding moral choices that go with that power.‖ 

Jessica Clark, a media strategist and senior fellow for two U.S. 

communications technology research centers, was among many who 

observed that there‘s nothing new about concerns over teens and evolving 

ways to content creation and share it. ―History is a progression of older 

“Which literacies are 
dominant is of serious 
consequence for 
society at large. The 
practice of democracy 
is one among the 
fundamental elements 
of high modern society 
that relies upon print 
literacy, as are 
scientific thought and 
experimental science." 
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people tut-tutting over the media production and consumption habits of 

those younger than them and holding tightly to the belief that the 

technologies of communication they grew up with are intellectually or 

culturally superior. Every new generation finds creative and groundbreaking 

ways to use the new technologies to explore and illuminate human truths 

and to make dumb, sexist, horrifying schlock. Multitasking young adults and 

teens will be fine; they'll be better at certain types of tasks and worse at 

others. Their handwriting will be horrendous. Their thumbs will ache. Life will 

go on.‖, she wrote. 

Could have significant impact on politics, power and control;  endangering human rights and freedom 

Respected communications scholar Sandra Braman of the University of 

Wisconsin shared a perception similar to the type of world Neal Postman 

warned of in his book Amusing Ourselves to Death: Public Discourse in the 

Age of Show Business. She wrote: ―What is being lost are the skills 

associated with print literacy, including the ability to organize complex 

processes in a sustained way over time, engage in detailed and nuanced 

argumentation, analytically compare and contrast information from diverse 

sources, etc. What is being gained are hand-eye coordination skills, certain 

types of visual literacy, etc.‖ 

She continued: ―Which literacies are dominant is of serious consequence for 

society at large. The practice of democracy is one among the fundamental 

elements of high modern society that relies upon print literacy, as are 

scientific thought and experimental science. There are two more issues. One 

is transferability. Are the deep skills acquired by those with a lot of gaming 

experience transferable to the meat flesh world? That is, do those who can 

track multiple narratives simultaneously practice that same skill in 

environments that aren't animations and have buttons to push?  

The second is will. Do those who can, to stick with the same example, track 

and engage with multiple narratives simultaneously choose to do the same 

with the meat-flesh political environment? The incredibly important research 

stream that we have not seen yet would look at the relationship between 

gaming and actual political activity in the meat-flesh world. My hypothesis is 

that high activity in online environments, particularly games, expends any 

political will or desire to effectively shape the environment so that there is 

none of that will left for engaging in our actual political environment.‖ 



20-20 Hindsight 
 

 54 

Jesse Drew, an associate professor of techno-cultural studies at the 

University of California-Davis, echoed Braman. ―My fear is that though their 

cognitive ability will not be impaired, their ability to think critically will be, 

and they will be far more susceptible to manipulation,‖ he wrote. 

John Pike, director of GlobalSecurity.org, observed: ―The world is becoming 

more complex, and yet both old media (e.g., cable TV news) and new media 

(e.g., Twitter) are becoming increasingly simplistic. What passes for politics 

is increasingly a charade detached from actual governance.‖ 

Paul Gardner-Stephen, a telecommunications fellow at Flinders University, 

said the underlying issue is that people will become dependent upon 

accessing the internet in order to solve problems and conduct their personal, 

professional, and civic lives. ―Thus centralized powers that can control 

access to the internet will be able to significantly control future generations,‖ 

he pointed out. ―It will be much as in Orwell's 1984, where control was 

achieved by using language to shape and limit thought; so future regimes 

may use control of access to the internet to shape and limit thought.‖  

A number of anonymous respondents brought up control and attention 

issues when they responded to this research question. Among them: 

“With deregulation, consolidation of media ownership and control, and the acceptance of capitalism as 

natural and inevitable, learning styles and attention spans are headed toward the inability to think critically. 

Trends in education, social activities, and entertainment all make more likely a future of passive consumers 

of information.” 

“Popular tools allow us to move at a pace that reinforces rapid cognition rather than more reflective and 

long-term analysis. I fear that market forces and draconian policies will drive the technology/media 

interface.” 

“Among my own peer group today (the young adults), much more attention is given to the topic-of-the-day 

than to deep, philosophical/moral issues, and I don‟t see this trend reversing. There‟s a decent chance 

something could come around in the next five years to create radical social and cultural change the world 

over, but it‟s hard to predict what and even harder to expect it on a short timeframe when the competition 

has trillions of dollars at their disposal to prevent such radical change from happening.” 

“The ease at which authorities can be bypassed erodes our civil society. Cheating and corruption is 

rampant. Productivity continues to fall not grow as each new wave of technologies fails to live up to its 

potential. People are obsessed with mundane things. Consumerism becomes the main fuel for our emotions.” 

“We need to be more worried about how search engines and other tools are being increasingly controlled by 

corporations and filtering the information we all access.” 

“We have landed in an electronics age where communications technologies are evolving much more quickly 

than the minds that are producing them and the social structures that must support them. We are not taking 

the time to evaluate or understand these technologies, and we aren't having serious conversations about 

what effects these new tools have on us.” 
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“We are evolving tools and habits to select what is valuable from what is not, but we clearly can go either 

way, and some—perhaps many—will go the route of gossip and distraction.  The good news is that it doesn't 

take very many highly creative people to transform a society; those who figure out how to bring new 

creations out of internet chaos will surely lead the rest in new and good directions, even as others lead us 

elsewhere.” 

Fernando Botelho, an international consultant on technology and 

development, expressed concerns about humans‘ tendencies to sort 

themselves in ways that may cause friction. ―Humanity needs no additional 

help in dividing itself into groups that exclude more than include,‖ he wrote. 

―The best way to unite millions and divide billions is nationalism, but the 

reality is that religion, politics, and so many other mental frameworks can do 

it just as effectively, and the internet enables much more narrowly targeted 

divisions so that we are not divided anymore into less than 200 national 

territories or three or four major religions, but into thousands or even 

millions of subgroups that challenge us to avoid the tragedy of the commons 

at a global level.‖ 

And Sam Punnett, president of FAD Research, drew out the second 

scenario in a multi-layered, doleful future: ―The seemingly compulsive 

nature of modern media use and the distracted nature of users themselves 

have other serious interpersonal effects akin to substance addictions. We 

need to know much more about these phenomena. So, to ‗go wide and long‘ 

on this, let's say in 2020 that the entire wired population has largely 

restricted its information flow through filtering and aggregators...then people 

expose themselves only to information that conforms with their view of the 

world, from people they ‗know.‘   Interpersonal skills have eroded to a point 

where many people no longer have a sensibility for exercising what might 

have previously been described as tact or social graces.  The manner in 

which communications occur (or do not occur) allows people to artificially 

wall themselves off from anything unpleasant or unanticipated or 

complicated.  There is an increase in mental illnesses related to 

disassociation and alienation.‖  Here are other comments in this same vein: 

―All communications must be short, visual, and distracting/entertaining.  The 

intellectual attributes that may become highly valued are those that concern 

particular expertise in an area that requires study and the consolidation of 

information over time. On the other hand, presentation and on-screen 

personality may trump expertise as people come to rely on other people who 

merely present information in an entertaining and digestible fashion; causing 

the least amount of cognitive dissonance.‖ 
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 ―Branding and politics are ruled by those who can mount the most 

entertaining ‗noise‘ on the most effective platforms. Education will have 

largely moved ‗on-screen‘ in the class and online at higher levels.  There is a 

decline in people's ability to communicate verbally.  Language will simplify to 

conform to the new requirement for bite-size messages.‖ 

―Libraries will continue to consolidate themselves into fewer outlets as 

crosses between repositories for ‗dead media‘ and community centers for 

public Net access and entertainment. There will be a further emergence of 

virtual associations in things like game ‗clans,‘ online special interest groups 

and groups formed through social networks.‖ 

―Personal skills like those that enable people to get 

others to cooperate in work settings will be more at 

a premium as are people with 'people skills' such as 

those required for psychiatric services, mediation 

and social work. Organizational skills that allow 

people to see the ‗big picture‘ and to coordinate 

others may be even more highly valued than they 

are now.‖ 

―There will be an increase in accidents and things 

going wrong due to miscommunication and the 

widespread combination of sleep deprivation and 

fractured attention spans.‖ 

―In 2020, almost no one will remember a time when things were different.‖ 

Respondents often pointed to formal educational systems as key driver 

toward a positive and effective transition to taking full advantage of the fast-

changing digital-knowledge landscape. ―The changes in behavior and 

cognition in the future depend heavily upon how we adapt our pre-school-

through-college curricula to encompass new techniques of learning and 

teaching,‖ wrote Hugh F. Cline, an adjunct professor of sociology and 

education at Columbia University who was formerly a senior research 

scientist at a major educational testing company based in Princeton, NJ. ―If 

we simply continue to use technologies to enhance the current structure and 

functioning of education, our young people will use the technologies to 

entertain themselves and engage in online socializing and shopping. We will 

“There will be an 
increase in 
accidents and 
things going 
wrong due to 
miscommunication 
and the 
widespread 
combination of 
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a time when things 
were different.” 
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have missed enormous opportunities to produce independent life-long 

learners.‖ 

David Saer, a foresight researcher for Fast Future, said he‘s a young adult 

who predicts a positive evolution but, ―Education will need to adapt to the 

wide availability of information, and concentrate on teaching sifting skills.‖ 

He added: ―The desire for instantaneous content should not be seen as a 

lack of patience or short attention span but as a liberation from timetables 

set previously by others. It‘s simply a matter of demanding information and 

technology to suit the timetable of the individual, an overarching trend 

throughout human history.‖ 

Another futurist, Marcel Bullinga, author of Welcome to the Future Cloud—

2025 in 100 Predictions, said education is essential. ―Game Generation teens 

and adults will have lasting problems with focus and attention,‖ he noted. 

―They find distraction while working, distraction while driving, distraction 

while talking to the neighbors. Parents and teachers will have to invest 

major time and efforts into solving this issue: silence zones, time-out zones, 

meditation classes without mobile, lessons in ignoring people. All in all, I 

think the negative side effects can be healed.‖ 

Larry Lannom, director of information management technology and vice 

president at the Corporation for National Research Initiatives, said, ―People 

must be taught to think critically and how to focus. If they are, then the 

network is a rich source of information. If they aren't, then it will be a source 

of misinformation and mindless distraction. Individual differences will prevail 

and some will do well in the new environment and some will not.‖ 

Tapio Varis, principal research associate with the U.N. Educational, 

Scientific, and Cultural Organization (UNESCO), wrote, ―The first scenario 

will succeed only if the formal school system develops accordingly.‖ 

Berkeley, California-based consultant John N. Kelly added, ―The ‗wiring‘ 

change is real. Learning opportunities could easily continue to be lost unless 

educators, venture capitalists, taxpayers, volunteers, and businesses all 

make concerted efforts to leverage the potential of new technology to 

enhance the critical thinking skills of young people.‖ 

Jeniece Lusk, a researcher and PhD in applied sociology at an Atlanta-

based information technology company, responded, ―Unless the educational 

paradigms used in our schools are changed to match the non-academic 
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world of the Millennial student, I don‘t foresee an increase in students‘ 

abilities to analyze and use critical thinking. Students' attention is 

increasingly being pulled into myriad directions—and arguably most of these 

‗distractions‘ are exciting, fun, and can be used to educate. However, despite 

schools' best efforts to integrate technological materials and devices, they're 

failing to completely redesign the education system to fit these students.  

Instead, they are creating drones who succeed purely on their ability to sit 

still for long periods of time, not use the technological devices available to 

them, and restrict their studying and research to strict parameters. Students 

are often unable to adapt when they enter college classrooms requiring them 

to apply processes and information, problem-solve, or think critically. They 

barely know how to use alternative words or phrases to complete a Google 

search. Since they've been taught that e-technology has no place in the 

classroom, they also haven't learned proper texting/emailing/social 

networking etiquette, or, most importantly, how to use these resources to 

their advantage.‖ 

Bonnie Bracey Sutton, a technology advocate and education consultant at 

the PowerofUS Foundation, said educators have to break through the old 

paradigm and implement new tools. ―We were previously harnessed by text 

and old models of pedagogy,‖ she wrote. ―When we move to 

transformational teaching it is hard to explain to traditional teachers what 

we are doing in a way that allows them to understand the beauty of using 

transformational technology. Many ways of learning are involved, and the 

work is not all done by the teacher. Resources abound from partners in 

learning, in advocacy, and academia. The technology makes it all possible, 

and we can include new areas of learning, computational thinking, problem 

solving, visualization and learning, and supercomputing.‖ 

An anonymous respondent said most teachers today can‘t comprehend the 

necessary paradigm to implement the tools effectively, ―Those who are 

teaching the children who will be teenagers and young adults by 2020 are 

not all up-to-speed with the internet, mobile technologies, social interfaces, 

and the numerous other technologies that have recently been made 

mainstream. There will be a decline for behavior and cognition until those 

who have grown up with this type of technology are able to teach the 

children how to correctly and productively utilize the advantages it presents 

us.‖ 
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Another anonymous respondent wrote, ―Interactions will definitely be 

different as a result of kids growing up with all this technology at their 

fingertips. I don‘t think this will result in less-smart children, but it will 

definitely result in children who learn differently than those who grew up 

without constant stimulation from technology.‖ 

Tin Tan Wee, an Internet expert based at the National University of 

Singapore, estimates a slow movement to try to adapt to deal with the likely 

divide. ―After 2020,‖ he predicted, ―more-enlightened educators will start 

developing curricula designed to tap a post-internet era. After 2030, 

educational systems, primarily private ones, will demonstrate superior 

outcomes on a wider scale. After 2040, governments will start realizing this 

problem, and public examination systems will emerge.‖ 

―The key lynchpin to watch for will be online testing systems which allow for 

the use of internet access and all the issues of identity, security, copying, 

plagiarism, etc., some of which companies like Turnitin are starting to 

address for tertiary education. So during the next 20 to 30 years, a digital 

divide will grow in educational systems and in outcomes in which the 

individuals, systems, etc., which can adapt will progress far more rapidly 

than those who cannot—and they will be the majority and will do badly and 

suffer. We are already seeing this manifested in the economic scene, where 

the rich get richer and the poor poorer.‖ 

Ken Friedman, dean of the faculty of design at Swinburne University of 

Technology in Melbourne, Australia, said, ―With an added repertoire of 

experiences and skills, it might be that technology could lead to a brighter 

future, but today's young people generally do not seem to be gaining the 

added skills and experiences to make this so.‖ 

Freelance journalist Melinda Blau said education in internet literacy is key. 

―Technology always presents us with a combination of losses and gains,‖ she 

wrote, ―but I believe the internet gives more than it takes away. 2020 will 

yield primarily helpful results, especially if our schools and other institutions 

take steps to—in Howard Rheingold's words—help develop Internet literacy.‖ 

Wesley George, principal engineer for the Advanced Technology Group at 

Time Warner Cable, said there must be a shift in focus in the education 

system. ―The difference between the two scenarios will come down to the 

ability of our educational system (or its replacement) to teach people how to 
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manage the flow of information, the interaction between personal and work, 

social and entertainment, fact and opinion,‖ he predicted. ―This does 

represent an evolutionary change, but the focus must be on the fact that 

learning means knowing how to filter and interpret the vast quantities of 

data one is exposed to—we must use the fact that the Internet has all of this 

information to spend less time doing rote memorization and more time on 

critical thinking and analysis of the information that is available to you.‖ 

Tom Franke, chief information officer for the University System of New 

Hampshire, noted that it is up to people to actively set the agenda if they 

want a positive outcome. ―As machines that ‗think‘ become prevalent and 

information access becomes even more universal than today, we will need to 

re-envision our models of education and learning,‖ he said. ―The possibility 

of exploring deep questions will be enhanced, but it will be our culture, not 

our technology, that determines whether or not we have the will to use the 

tools in meaningful ways to enhance humanity.‖ 

A number of people who identified themselves as teachers answered this 

question as anonymous respondents and most 

of them expressed frustration and concern for 

today‘s students. Several noted that they have 

seen things ―getting worse‖ over the past 

decade. Is this at least partially due to the fact 

that they are still trying to educate these highly 

connected young people through antiquated 

approaches? Perhaps those who have argued 

for education reform would think so. Among the 

responses from those who expressed concerns 

about the students they are teaching now, 

some blame technology; some blame culture. 

Following is a selection of those responses: 

 “My experience with college students suggests to me that their critical skills are diminishing; they can't make 

connections or see issues and events in terms of systems, prior choices, or institutions. Instead, any item/event is the 

equivalent of any other item/event. It is quickly displaced or disconnected from other items/events, and just part of a 

massive flow. Students don‟t read books. They rarely read long articles. When they do read, they don‟t read for 

arguments. Instead, they skim the middles of pages, perhaps moving their eyes up and down if something interests 

them. They don‟t work on retaining what little they read, or even seem to think that taking notes is necessary. Their 

reasons seem to be that they can always find out whenever they need to. The future will belong to those who can 

focus. This will be an increasingly small and rare group of people.” 

“I have seen a general decline in higher-order thinking skills in my students over the past decade. What I generally 

see is an over-dependence on technology, an emphasis on social technologies as opposed to what I'll call 

"Students do not know 
how to frame a problem or 
challenge. They do not 
know how to ask 
questions, and how to 
provide enough detail to 
support their answers 
(from credible sources). 
Technology is playing a 
big part in students not 
only not being able to 
perform as well in class, 
but also not having the 
desire to do so.‖ 
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„comprehension technologies,‟ and a general disconnect from deeper thinking. I‟m not sure that I attribute this to 

the so-called „re-wiring‟ of teenage brains, but rather to a deeper intellectual laziness that the Web has also made 

possible with the rise of more video-based information resources (as opposed to textual resources).” 

“I have horror stories about lack of attention. I am not sure that the physiology will change, but I am sure about 

how the current generation orients to traditional text—reading it or writing it. I have also seen the loss of 

interpersonal communication competence. What has emerged is an overly dramatic face-to-face style and a greater 

unwillingness to engage or cope with differences. It is extending adolescence.” 

“I teach at the college level—have been for 12 years. I have seen a change in my students, their behavior, their 

learning, etc. Students do not know how to frame a problem or challenge. They do not know how to ask questions, 

and how to provide enough detail to support their answers (from credible sources). Technology is playing a big part 

in students not only not being able to perform as well in class, but also not having the desire to do so.” 

 “Every day I see young people becoming more and more just members of a collective (like the Borg in Star Trek) 

rather than a collection of individuals and I firmly believe that technology is the cause. I also believe that this 

phenomenon, which is at first merely seductive, eventually becomes addictive and is going to be very difficult to 

undo.” 

“From my teaching I find more and more college students finding trouble in reading, listening, understanding 

directions, and comparing ideas. It is not wiring so much as change in education and culture, in my opinion.” 

“The answers that students produce—while the students may be adept at finding them online through Google—tend 

to be shallow and not thought through very well. However, to say that somehow they aren't as smart as earlier 

generations is a crock—many write quite poorly on academic assignments but are fine when blogging and 

producing diaristic accounts that ask them about themselves—an outcome, doubtless, of the lifetime focus on „me‟ 

that many middle-class and upper-class kids now experience as the norm.” 

 “I do not think that the highly interactive, interrupt-driven, always-on, information-rich society that young people 

are growing up in is causing a decline in deep intellectual activity. Rather, I think it is the culture at large, driven by 

the generation before this youngest generation that devalues science, facts, intelligence, reasoning, and intellectual 

achievement in favor of emoting, celebrity, athletic achievement, fighting and winning, and faith. Also, the culture of 

praise over criticism leads to a society where to tell someone they are incorrect is at best a social faux pas and at 

worst reasons for demotion, dismissal, and poor teaching evaluations.” 

 “We‟re all going to end up being more distracted, shallow, fuzzy thinking, disconnected humans who cannot think 

or act critically. But this won't be because of the Internet, it'll be because of the loss of values and resourcing of 

things like education and civics and the ridiculous degree to which popular media, etc., are influencing our culture, 

values, etc.” 

Teens expert Danah Boyd raised concerns about a looming divide due to 

the switch in how young people negotiate the world. ―Concentrated focus 

takes discipline, but it‘s not something everyone needs to do,‖ she wrote, 

―Unfortunately, it is what is expected of much of the working-class labor 

force. I suspect we‘re going to see an increased class division around labor 

and skills and attention.‖ 

Barry Parr, owner and analyst for MediaSavvy, echoed Boyd‘s concern 

about a widening divide. ―Knowledge workers and those inclined to be deep 

thinkers will gain more cognitive speed and leverage,‖ he said, ―but, the 

easily distracted will not become more adept at anything. History suggests 

that on balance people will adapt to the new order. The greatest negative 
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outcome will be that the split in adaptation will exacerbate existing trends 

toward social inequality.‖ 

Alan Bachers, director of the Neurofeedback Foundation, said society must 

prepare now for the consequences of the change we are already beginning 

to see. ―The presence of breadth rather than depth of cognitive processing 

will definitely change everything—education, work, recreation,‖ he 

responded. ―Workers will show up unsuited for the robotic, mind-numbing 

tasks of the factory—jobs now vanishing anyway. Creativity, demand for 

high stimulus, rapidly changing environments, and high agency (high touch) 

will be what makes the next revolution of workers for jobs they will invent 

themselves, changing our culture entirely at a pace that will leave many who 

choose not to evolve in the dust.‖ 

An anonymous survey respondent said children who grow up with access to 

technology plus the capacity to use it in a positive manner will generally be 

more successful than others: ―Decision-making will yield better results and 

those who are adept at integrating knowledge 

will be very successful. However, a wired world 

will be very addictive and those young adults 

who do not have a clear goal and a desire to 

achieve something will be caught in a 

downward spiral from which escape will be 

almost impossible. They will fall further and 

further behind. The result will be bimodal. The 

result will be positive overall, but a new type of 

underclass will be created which will be 

independent of race, gender, or even 

geography.‖ 

Another anonymous respondent echoed those 

thoughts, writing, ―Young people from 

intellectually weak backgrounds who have no 

special driving interest in self-development are all too likely to turn out 

exactly as the purveyors of a debased mass-culture want them to be: 

shallow, impulse-driven consumers of whatever is being sold as ‗hot‘ at the 

moment.‖ 

Tin Tan Wee, an expert based at the National University of Singapore, 

noted: ―The smart people who can adapt to the internet will become 
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smarter, while the rest, probably the majority, will decline. Why? The reason 

is simple. Current educational methods evolved to their current state mostly 

pre-internet. The same goes for a generation of teachers who will continue 

to train yet another generation of kids the old way.  

The same goes for examination systems, which carry out assessment based 

on pre-internet skills. This mismatch will cause declension in a few 

generations of cohorts. Those who are educated and re-educable in the 

internet way will reap the benefits of the first option. Most of the world will 

suffer the consequence of the second. The intellectual divide will increase. 

This in turn fuels the educational divide because only the richer can afford 

internet access with mobile devices at effective speeds.‖ 

Well-known blogger, author, and communications 

professor Jeff Jarvis said we are experiencing a 

transition from a textual era and this is altering 

the way we think, not the physiology of our 

brains. ―I don‘t buy the punch-line but I do buy 

the joke,‖ he wrote. ―I do not believe technology 

will change our brains and how we are ‗wired.‘ But 

it can change how we cognate and navigate our 

world. We will adapt and find the benefits in this 

change.‖ 

He continued: ―Hark back to Gutenberg. Elizabeth 

Eisenstein, our leading Gutenberg scholar, says 

that after the press, people no longer needed to 

use rhyme as a tool to memorize recipes and 

other such information. Instead, we now relied on 

text printed on paper. I have no doubt that 

curmudgeons at the time lamented lost skills. 

Text became our new collective memory. Sound 

familiar? Google is simply an even more effective 

cultural memory machine. It has already made us 

more fact-based; when in doubt about a fact, we 

no longer have to trudge to the library but can 

expect to find the answer in seconds. Scholars at 

the University of Southern Denmark have coined 

the wonderful phrase ‗the Gutenberg Parenthesis‘ to examine the shift into 

and now out of a textually based society. Before the press, information was 

"We don‘t bother to 
remember things we 
know our spouse will 
remember for us. The 
Internet is the same 
thing on a larger 
scale. I remember 15 
years ago when 
people were terrified 
that kids would not 
be able to write 
because of the text-
message shorthand 
that they had 
invented for 
themselves. It turns 
out that kids who use 
(and invent) text-
message shorthand 
have better verbal 
skills than us oldsters 
do because text-
message shorthand 
is inventive word 
play. The kids aren‘t 
smarter or dumber 
than we were; 
technology helps us 
free our brains for 
more useful things.‖  
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passed mouth-to-ear, scribe-to-scribe; it was changed in the process; there 

was little sense of ownership and authorship. In the five-century-long 

Gutenberg era, text did set how we see our world: serially with a neat 

beginning and a defined end; permanent; authored. Now, we are passing 

out of this textual era and that may well affect how we look at our world. 

That may appear to change how we think. But it won't change our wires.‖ 

Jim Jansen, an associate professor of information science and technology 

at Penn State University and a member of the boards of eight international 

technology journals, noted, ―I disagree with the opening phrase: ‗In 2020 

the brains of multitasking teens and young adults are ‗wired‘ differently from 

those over age 35.‘ I find it hard to believe that hard wiring, evolved over 

millions of years can be re-wired. We can learn to use tools that impact the 

way we view things, but to say this is wiring is incorrect.‖ 

Tracy Rolling, a product user experience evangelist for Nokia, observed, 

―One of the great things about the Internet is that it frees up people's 

memories. You don‘t have to remember information; you only have to 

remember how to find the information you need. Most of the information we 

need, we don‘t need all the time. There‘s no reason to actually remember it 

at all. But this is no different in ‗wiring‘ that what we all do anyway.  We 

don‘t bother to remember things we know our spouse will remember for us. 

The Internet is the same thing on a larger scale. I remember 15 years ago 

when people were terrified that kids would not be able to write because of 

the text-message shorthand that they had invented for themselves. It turns 

out that kids who use (and invent) text-message shorthand have better 

verbal skills than us oldsters do because text-message shorthand is 

inventive word play. The kids aren‘t smarter or dumber than we were; 

technology helps us free our brains for more useful things.‖ Some analysts 

framed their arguments in more general terms and argued that there will not 

be significant cognitive change.  

This is the way Seth Finkelstein, a prominent tech analyst and 

programmer, put it: ―I really wish there was an option for: ‗In 2020 the 

brains of teens and young adults are not ‗wired‘ differently from those over 

age 35 and overall it yields essentially identical results. They learn roughly 

the same amount, as for most people the speed of information access is not 

the limiting factor. In sum, the changes in learning behavior and cognition 

among the young aren't significantly affected.‘‖ 
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The word ―multitasking‖ has firmly rooted itself as the primary descriptor 

used to refer to the task-juggling and attention-switching that is part and 

parcel of the hyper-connected lifestyle. Multitasking is a common act among 

today‘s teens and 20s set. The semantics of the word have been argued; 

with many saying it is not possible to perform multiple tasks simultaneously. 

 ―Regarding the word ‗multitasking,‘ cognitive, behavioral, and neurological 

sciences are moving toward a consensus that such a state does not actually 

exist in the human brain,‖ observed emerging technology designer Annette 

Liska. ―We may make many quick ‗thoughts‘ in succession, but human 

performance in any activity that is done without focus (often termed 

‗multitasking‘) is of significantly lower quality, including an absence of 

quality and consciousness. The word unfortunately perpetuates a false ideal 

of the human capacity to perform and succeed.‖ 

Devra Moehler, a communications faculty member at the University of 

Pennsylvania, shared research resources. ―Eyal Ophir (Stanford) and others 

[have shown] the effects of multitasking are negative, even for those who 

think they are good at it. Matt Richtel wrote about this topic in the 2010 New 

York Times article Your Brain on Computers: Attached to Technology and 

Paying a Price and Helene Hembrooke and Geri Gay wrote in 2003 for the 

Journal of Computing in Higher Education The 

Laptop and the Lecture: The Effects of Multitasking 

in Learning Environments. The desire for constant 

stimulation and task switching is being inculcated in 

our youth, but not necessarily the ability to manage 

multitasking effectively to get more done. The end 

result will be negative. Concentration and in-depth 

thought may be skills that are rare, and thus highly 

valued in 2020.‖ 

 ―I agree with all of those who say that multitasking 

is nothing more than switching endlessly from one 

thought to another—no one can think two things at 

once—but I don‘t agree that this kind of attention-

switching is destructive or unhealthy for young 

minds,‖ added Susan Crawford, professor at 

Harvard University‘s Kennedy School of 

Government and formerly on the White House staff. 

―It‘s just the way the world works now, and digital 

"The desire for 
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agility is a basic skill for everyone. At the same time, I have hopes for my 

students: I hope they'll discover the flow experience of reading long-form 

works and won't need distraction in order to concentrate; I hope they'll go 

on finding ways to hang out that are meaningful and don‘t involve devices.‖ 

Nikki Reynolds, director of instructional technology services at Hamilton 

College, said studies indicate that young people are not truly multitasking. 

―They are ‗time slicing‘,‖ she responded. ―A few seconds of attention to the 

phone, now switch to the homework, now the TV, now back to the phone. 

This means it takes them longer to complete any one task, such as their 

homework. It also appears to affect the quality 

of their work. However, in my experience as a 

manager of only a few people, all of whom 

must interact daily with many more people, I 

am beginning to believe that this time slicing 

will become a skill that will help young people 

manage adult life better. The number of people 

who need our attention to answer a quick 

question or connect them to some resource is 

growing rapidly, and this requires me and my 

team to spend a lot of time switching contexts 

as part of our jobs. We touch a lot of people for 

brief little bits of time, in an unpredictable 

stream of interactions. I suspect the kids will 

be fine.‖ 

Gina Maranto, a co-director in the graduate 

program at the University of Miami, said 

information multitasking is not a new 

phenomenon. ―My father, a corporate editor, used to watch television, read 

magazines, and listen to the radio at the same time long before computers, 

cellphones, or iPads,‖ she said. ―On the whole, I believe access to 

information and to new techniques for manipulating data (e.g., visualization) 

enhance learning and understanding rather than negatively impact them. 

Like Diderot's encyclopedia, which freed up knowledge that had been locked 

in guilds, the internet and World Wide Web have freed up knowledge that 

was locked in proprietary databases, archives, and other difficult-to-access 

sources—and this has far-flung implications, not just educational but 

"Cultural criticism 
seems to want to 
sequester certain 
questionable activities—
like video gaming, social 
networking, 
multitasking, and 
others—into a no-
man's-land where the 
plasticity of the human 
mind is negative. None 
of these critics wring 
their hands about the 
dangerous impacts of 
learning to read, or the 
intellectual damage of 
learning a foreign 
language. But once kids 
get on a skateboard, or 
start instant messaging, 
it‘s the fall of Western 
civilization." 
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socioeconomic and cultural ones. The best students will use these 

technologies to carry out higher-level cognitive tasks.‖ 

Communications consultant Stowe Boyd says new studies may be showing 

us that multitasking is actually quite possible. ―There is recent evidence 

(published by researchers Jayson Watson and David Strayer) that suggests 

that some people are natural ‗supertaskers‘ capable of performing two 

difficult tasks at once, without loss of ability on the individual tasks,‖ he 

wrote. ―This explodes the conventional wisdom that ‗no one can really 

multitask,‘ and by extension the premise that we shouldn't even try. The 

human mind is plastic. The area of the brain that is associated with 

controlling the left hand, for example, is much larger in professional 

violinists.  

Likewise, trained musicians listen to music differently, using more centers of 

the brain, than found in non-musicians. To some extent this is obvious: we 

expect that mastery in physical and mental domains will change those 

master's perceptions and skills. But cultural criticism seems to want to 

sequester certain questionable activities—like video gaming, social 

networking, multitasking, and others—into a no-man's-land where the 

plasticity of the human mind is negative. None of these critics wring their 

hands about the dangerous impacts of learning to read, or the intellectual 

damage of learning a foreign language. But once kids get on a skateboard, 

or start instant messaging, it‘s the fall of Western civilization.‖ 

Boyd said it seems as if the social aspects of Web use frighten many 

detractors, adding, ―But we have learned a great deal about social cognition 

in recent years, thanks to advances in cognitive science, and we have 

learned that people are innately more social than was ever realized. The 

reason that kids are adapting so quickly to social tools online is because they 

align directly with human social connection, much of which takes place below 

our awareness. Social tools are being adopted because they match the 

shape of our minds, but yes, they also stretch our minds based on use and 

mastery, just like martial arts, playing the piano, and badminton.‖ 

Contrary to popular belief, young people are not digital wizards 

David Ellis, director of communications studies at York University in 

Toronto, has a front-row seat to observe how hyper-connectivity seems to 

be influencing young adults. He said it makes them less productive and adds 
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that most of them do not understand the new digital tools or how to use 

them effectively. ―The idea that Millennials have a cognitive advantage over 

their elders is based on myths about multitasking, the skill-sets of digital 

natives, and 24/7 connectedness,‖ he commented. ―Far from having an edge 

in learning, I see Millennials as increasingly trapped by the imperatives of 

online socializing and the opportunities offered by their smartphones to 

communicate from any place, any time. 

―I can see this in the living experiment that takes place every week in the 

computer lab where I teach Internet technologies to fourth-year 

communication studies majors. Students everywhere have become 

relentless in their use of mobile devices for personal messaging. Even good 

students delude themselves into thinking they can text friends continuously 

while listening to a lecture and taking notes and, in the process, retain 

information and participate in discussions. But good research has shown that 

even especially bright kids are less productive when multitasking, a finding 

resisted by plenty of grown-ups as well.‖ 

―Our fondness for thinking positively about multitasking, especially among 

the young, gets a lot of reinforcement from two other assumptions: that 

Millennials have a special aptitude for digital media because they've grown 

up digital; and that ubiquitous, seamless connectivity is a positive social 

force. The first assumption is baloney; the second is fraught with contextual 

problems. Of the hundreds of liberal arts students I've taught, not one in ten 

has come into my class with the slightest clue about how their digital devices 

work, how they differ from analog devices, how big their hard drive is, what 

Mbps (megabytes per second) measures. In other words, they're just like 

people who haven't grown up digital. And of course the immersive nature of 

24/7 connectedness creates the illusion that Millennials can somehow tap 

into a form of collective intelligence just by being online, while looking 

impatiently for messages every three minutes.‖ 

―I don‘t think there‘s anything inherently bad or anti-social about 

smartphones, laptops, or any other technology. I do, however, believe we 

are entering an era in which young adults are placing an inordinately high 

priority on being unfailingly responsive and dedicated participants in the web 

of personal messaging that surrounds them in their daily lives. For now, it 

seems, addictive responses to peer pressure, boredom, and social anxiety 

are playing a much bigger role in wiring Millennial brains than problem-

solving or deep thinking.‖  
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Rich Osborne, senior IT innovator at the University of Exeter in the UK, 

said his own life and approaches to informing and being informed have 

changed due to the influence of hyper-connectivity. ―As I am in possession 

of just about every technical device you can name and I am using just about 

every cloud service you can think of, you'd think I'd be all for this,‖ he 

observed. ―But I've started to wonder about how all this use of technology is 

affecting me. I strongly suspect it‘s actually making me less able to 

construct more complex arguments in written form, for example—or at the 

very least it is certainly making such construction harder for me. Of course it 

might be other issues, stress at work, getting older, interests changing, any 

number of things—but underlying all these possibilities is the conscious 

knowledge that my information-consumption patterns have become bitty 

and immediate.‖ 

―I've noticed in my own habits how the instant availability of bite-size data 

has led me away from deeper more complex texts, a form of intellectual 

procrastination—perhaps even addiction-style behavior. Of course this might 

just be temporary—more an effect of the current state of the Internet, as 

opposed to something that is baked into the very nature of the internet 

itself. In the meantime, though, the immediate and bite-size nature of 

Internet exchanges will make it harder for multitasking teens and young 

adults to undertake deep thinking in particular, and the ‗top-10‘ effect, i.e., 

people selecting whatever Google proposes on the first page of search 

results, may lead to a plateau of intellectual thinking as we all start to attend 

to the same content.‖ 

An anonymous respondent agreed, writing, ―I find in myself that switching 

constantly between tasks, and the eyesight and energy issues from sitting in 

front of a screen all day make it harder for me to concentrate and connect 

with others in both online and offline settings. I have a shorter attention 

span. I‘m less patient because I‘m used to not having to wait for 

information; there are many things worth doing that take time, are tedious, 

and require patience. Who among us doesn't rely on a phone or computer 

for knowing what to wear, how to get from A to B, and to know what‘s 

happening with our friends, even those we rarely speak to? I don‘t see how 

the more positive scenario could result.‖ 

Another wrote, ―I‘m 33 years old and over the last two years have ramped 

up my time spent on the internet to 10-plus hours a day. The effects have 

been detrimental. My attention span for longer-form information 
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consumption such as books, movies, long-form articles, and even vapid 30-

minute TV shows has been diminished immensely. My interpersonal 

communications skills are suffering, and I find it difficult to have sustained 

complex thoughts. My creativity is zapped and I get very moody if I‘m away 

from the Web for too long.‖ 

Debbie Donovan, a marketing blogger based in Mountain View, California, 

described her experience: ―As an over 35-er, I can tell you that I've 

deliberately re-wired my brain and I can manage a more complex and 

rewarding life situation as a result of the digital skills deliberately acquired. I 

am more effective in my work. How we interact digitally is infinitely 

revealing of how our brains work with all the inputs we receive. I am more 

effective in my personal life because I can reach out and stay in touch with a 

much larger circle of friends and family and cultivate the level of intimacy I 

can achieve in those relationships.‖ 

Heidi McKee, an associate professor of English at Miami University, said, 

―Nearly 20 years ago everyone was saying how teens were going to be wired 

differently, but when you look at surveys done by Pew, AARP, and others, 

older adults possess just as much ability and desire to communicate and 

connect with all available means.‖ 

Dan Ness, principal researcher at MetaFacts (producers of the Technology 

User Profile), noted that each generation 

laments the younger generation and 

imagines a world that‘s either completely 

better or worse than the current one. 

―You can go back to writings from 

hundreds and thousands of years ago 

and hear the same conclusion,‖ he said. 

―While most aging adults don‘t want to 

admit to their own calcification or 

rigidity, nor how their memory of past 

events may be romanticized or simplified, there seems to be a perennial 

need to imagine a starkly changed future. So, this statement is less about 

the Internet and technology per se, and more about human development. 

The under-35 group is more likely to fully use the tools and technology 

around them and incorporate them into their lives. In the main, as people 

age, they will choose to use what they've learned for ‗positive‘ or ‗negative‘ 

outcomes.‖ 

―The pervasive network allows 
people to build more quickly on 
the foundations laid by their 
predecessors, but it also allows 
more efficient delivery of 
increasingly-addictive media that 
caters to our troop-of-apes-on-
the-savannah social needs for 
popularity and attention.‖ 
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A respondent wittily observed the age discrimination implicit in the scenario, 

writing, ―I ain‘t a technophobe and I really hate it when Internet use is 

demonized for creating problem teens.‖  Human tendencies drive human 

uses of technology tools. Many of the people participating in this survey 

emphasized the importance of the impact of basic human instincts and 

motivations. Some survey respondents observed that all new tools initially 

tend to be questioned and feared by some segment of the public. Socrates, 

for instance, lamented about the scourge of writing implements and their 

likely threat to the future of intelligent discourse.  

In his response to this survey question, Christopher J. Ferguson, a 

professor from Texas A&M whose research specialty is technologies‘ effects 

on human behavior, noted, ―The tendency to moralize and fret over new 

media seems to be wired into us.‖ He added, ―Societal reaction to new 

media seems to fit into a pattern described by moral panic theory. Just as 

with older forms of media, from dime novels to comic books to rock and roll, 

some politicians and scholars can always be found to proclaim the new 

media to be harmful, often in the most hyperbolic terms.‖  

―Perhaps we'll learn from these past mistakes? I think we may see the same 

pattern with social media. For instance the American Academy of Pediatrics 

claims for a ‗Facebook Depression‘ already have been found to be false by 

independent scholarly review.  

New research is increasingly demonstrating that fears of violent video games 

leading to aggression were largely unfounded. Youth today are the least 

aggressive, most civically involved, and mentally well in several generations. 

Independent reviews of the literature by the U.S. Supreme Court and the 

Australian Government have concluded the research does not support links 

between new technology and harm to minors. I think on balance we'll 

eventually accept that new media are generally a positive in our lives.‖ 

One anonymous respondent noted that it is human to take the easy path, 

writing: ―Learning requires three key underlying skill sets patience, curiosity, 

and a willingness to question assumptions. Unfortunately, the internet can 

tend to give answers too quickly and make people think they are experts 

simply because they can access anything and everything immediately. 

Ensuring that youth understand that really understanding something 

requires lots of time and substantial amounts of thinking and questioning is 

going to be a challenge.‖  
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Another anonymous respondent added that 

the easy path generally leads to 

entertainment more often than education or 

enlightenment: ―We are already beginning 

to see the short attention spans people have 

as well as their lack of overall knowledge 

about their world and local context. Just 

consider the dreadful state of political dialog 

in this country today. People are distracted 

from deep engagement and are solely 

interested in being entertained, most often 

by viewing the misfortune of others.‖ 

Several survey participants noted that basic 

human responses are being leveraged to advantage by marketers tapping 

into human tendencies. ―There are evolutionary traits and preferences that 

are hard-wired in, and that's where the danger lies—not in teenagers 

wasting their time writing SMSs rather than novels for the ages, but in 

marketers‘ ever-increasing ability to tap in to addictive and deep-seated 

psychological traits that are common to all of us, to convince us to play just 

one more round of Angry Birds, or have just one more scoop of salted-

caramel ice cream,‖ wrote an anonymous respondent. ―The pervasive 

network allows people to build more quickly on the foundations laid by their 

predecessors, but it also allows more efficient delivery of increasingly-

addictive media that caters to our troop-of-apes-on-the-savannah social 

needs for popularity and attention.‖ 

Human nature, one astute anonymous respondent noted, has its sunny side 

and its dark side: ―Those who are interested, driven, engaged, excited about 

learning will learn, grow, and develop—for its own sake. Those who are not, 

will not; they'll party, they'll coast, and they'll become investment bankers.‖ 

There were those who expressed optimism about human nature and the 

days ahead. An anonymous respondent wrote, ―Our surrounding world is 

developing and changing, and teens, youth, and children are going to be 

leading the way through the new world just like they always have.‖  

Another added, ―I am an optimist with faith in the deeper motivations of our 

species to learn, acquire understanding, and be challenged.‖ And another 

added: ―People will always want the same things—sex, power, affection, 

―People will always want the 
same things—sex, power, 
affection, fulfillment, etc.—
and they will use 
technologies as they always 
have, to seek out more of the 
things they want, which 
intrinsically involve 
interacting with other people. 
Ask a geeky friendless kid in 
small-town America 40 years 
ago if he'd like to have some 
way of communicating with 
people who appreciate him.‖ 
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fulfillment, etc.—and they will use technologies as they always have, to seek 

out more of the things they want, which intrinsically involve interacting with 

other people. Ask a geeky friendless kid in small-town America 40 years ago 

if he'd like to have some way of communicating with people who appreciate 

him.‖ 

Richard Titus, a venture capitalist based in London 

and San Francisco, said the construction of strong 

social and moral frameworks is necessary for 

positive evolution. ―The idea in the 1960s of 

unstructured, unguided, collaborative contribution 

was considered anathema, yet it brought us one of 

the most important human inventions, the internet, 

un-imaginable within the previous mental model,‖ 

he wrote. ―The most important thing to bring a 

positive vision of 2020 is to steer the next 

generation towards results—meaningful, 

measurable results, with less focus on how they is 

arrived at—and to build stronger social, moral 

frameworks to replace those roles previously held 

by power structures which relied on the previous 

models.‖ 

The most-desired skills of 2020 will be… 

Survey respondents say there‘s still value to be found in traditional skills but 

new items are being added to the menu of most-desired capabilities. 

―Internet literacy‖ was mentioned by many people.  The concept generally 

refers to the ability to search effectively for information online and to be able 

to discern the quality and veracity of the information one finds and then 

communicate these findings well. 

David D. Burstein, a student at New York University and author of Fast 

Future: How the Millennial Generation is Remaking Our World, noted, ―A 

focus on nostalgia for print materials, penmanship, and analog clock reading 

skills will disappear as Millennials and the generation that follows us will 

redefine valued skills, which will likely include Internet literacy, how to mine 

information, how to read online, etc.‖ Collective intelligence, crowd-sourcing, 

smart mobs, and the ―global brain‖ are some of the descriptive phrases tied  

―Youth are learning 
to focus on ‗what 
matters most,‘ with 
an emphasis on 
leveraging social 
media as one's 
personal learning 
network. 
Purposeful 
collaborative 
actions will 
leverage shared 
knowledge—if we 
all share what we 
know, we'll all have 
access to all our 
knowledge." 
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to humans‘ working together to accomplish things in a collaborative manner 

online.   

Internet researcher and software designer Fred Stutzman said the future is 

bright for people who take advantage of their ability to work cooperatively 

through networked communication. ―The sharing, 

tweeting, and status updating of today are preparing us 

for a future of ad hoc, always-on collaboration,‖ he 

wrote. ―The skills being honed on social networks today 

will be critical tomorrow, as work will be dominated by 

fast-moving, geographically diverse, free-agent teams of 

workers connected via socially mediating technologies.‖ 

Frank Odasz, a consultant and speaker on 21st century 

workforce readiness, rural e-work and telework, and 

online learning, said digital tools are allowing human 

networks to accelerate intelligence. ―Because everything 

is becoming integrated and interrelated, youth's abilities 

for expansive thinking and public problem solving will 

dramatically increase,‖ he noted. ―Youth are learning to 

focus on ‗what matters most,‘ with an emphasis on 

leveraging social media as one's personal learning 

network. Purposeful collaborative actions will leverage 

shared knowledge—if we all share what we know, we'll 

all have access to all our knowledge. Peer-evaluated, 

crowd-accelerated innovation will be recognized as a 

new dynamic for our global hologram of shared 

imagination. Digital reputations will be judged by the 

level of leveraged meaningful activities one leads, and is 

directly involved in advocacy for. Just-in-time, inquiry-based learning 

dynamics will evolve along with recognition that the best innovations can be 

globally disseminated to billions in a day's time.‖ 

Jonathan Grudin, principal researcher at Microsoft, emphasized the critical 

thinking involved in analytical search processes. ―The essential skills will be 

those of rapidly searching, browsing, assessing quality, and synthesizing the 

vast quantities of information that is available and is of importance or 

interest to each person. These skills were not absent before but were not 

needed when the available significant information was less, more heavily 

vetted in advance, and more difficult to access. In contrast, the ability to 

"While digital 
thinking may lead 
to excessive 
multitasking and a 
reduction in 
attention span, the 
human brain can 
adapt to this new 
pattern in stimuli 
and can 
compensate for 
the problems that 
the pattern may 
cause in the long 
run.  

Online and digital 
interaction will 
make new forms 
of expression 
more important in 
social 
relationships, so 
that there is less 
emphasis on 
superficial 
attributes and 
more value placed 
on meaningful 
expression and 
originality of 

ideas." 
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read one thing and think hard about it for hours will not be of no 

consequence, but it will be of far less consequence for most people.‖ 

Jeffrey Alexander, senior science and technology policy analyst at SRI 

International‘s Center for Science, Technology & Economic Development, 

said, ―As technological and organizational innovation comes to depend on 

integrating and reconfiguring existing and new knowledge to solve problems, 

digital and computational thinking will become 

more and more valuable and useful. While digital 

thinking may lead to excessive multitasking and a 

reduction in attention span, the human brain can 

adapt to this new pattern in stimuli and can 

compensate for the problems that the pattern 

may cause in the long run. Online and digital 

interaction will make new forms of expression 

more important in social relationships, so that 

there is less emphasis on superficial attributes 

and more value placed on meaningful expression 

and originality of ideas.‖ 

 ―These two modes of thinking (rapid information 

gathering vs. slower information processing and 

critical analysis) represent two different cultures, 

each with its own value system,‖ maintained 

Patrick Tucker, deputy editor of The Futurist 

magazine. ―They can work together and complement one another but only 

with effort on the part of both sides. Ideally, internet users across age 

groups take the time to develop critical thinking ability. We value these too 

cheaply today. The internet, in its very nature, pushes and encourages feral 

information gathering, so no special training or attention is really required to 

instruct the ‗over 35‘ set how to find what they want online quickly. The 

premise of the question, thus, is flawed. On the contrary, some of the best 

content aggregation out there is done by baby boomers. Quick pattern 

recognition and extrapolation is a natural mental state. The ability to focus, 

to analyze critically, these require learning and practice.‖  

An anonymous survey respondent said talented people will have the ability 

to work with people on both sides of the technology divide: ―There is too 

much of a gap between the ‗people in charge‘ and the ‗wired kids,‘ leaving 

too much room for miscommunication and inevitable friction. In 2020, I 

―Probably the most 
highly valued 
personal skills will be 
cosmopolitanism, in 
the way philosopher 
Kwame Appiah 
conceives it—the 
ability to listen to and 
accommodate to 
others—and 
communitarianism, in 
the way sociologist 
Amitai Etzioni has 
outlined—an 
awareness that there 
must be a balance 
between individual 
rights and social 
goods.‖ 
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would imagine that the most highly valued intellectual and personal skills will 

be the ability to exist in both of these spaces.‖  

P.F. Anderson, emerging technologies librarian at the University of 

Michigan-Ann Arbor, suggested that it‘s not just the new-age literacies that 

should be emphasized, writing: ―Have young folk practice rapid retrieval 

skills alongside quiet time, personal insight, attention to detail, memory. 

Develop the skills to function well both unplugged and plugged-in.‖  

Gina Maranto, a co-director in the University of Miami‘s graduate program, 

said ways of thinking to serve the common good will be of the greatest 

benefit. ―Probably the most highly valued personal skills,‖ she wrote, ―will be 

cosmopolitanism, in the way philosopher Kwame Appiah conceives it—the 

ability to listen to and accommodate to others—and communitarianism, in 

the way sociologist Amitai Etzioni has outlined—an awareness that there 

must be a balance between individual rights and social goods.‖ 

Tom Hood, CEO of the Maryland Association of CPAs, shared feedback from 

hundreds of grassroots members of the CPA profession, who weighed in on 

the critical skills for the future in the CPA Horizons 2025 report and arrived 

at these:  

1)  Strategic thinking — being flexible and future-minded; thinking critically and creatively.  

2)  Synthesizing — the ability to gather information from many sources and relate it to a big picture.  

3) Networking and Collaboration — understanding the value of human networks and how to  
collaborate across them.  

4)  Leadership and communications — the ability to make meaning and mobilize people to action 
and make your thinking visible to others.  

5)  Technological savvy — proficiency in the application of technology. 

Barry Chudakov, a research fellow in the McLuhan Program in Culture and 

Technology at the University of Toronto, said the challenge we‘re facing is 

maintaining and deepening ―integrity, the state of being whole and 

undivided,‖ noting: ―There will be a premium on the skill of maintaining 

presence, of mindfulness, of awareness in the face of persistent and 

pervasive tool extensions and incursions into our lives. Is this my intention, 

or is the tool inciting me to feel and think this way? That question, more 

than multitasking or brain atrophy due to accessing collective intelligence via 

the internet, will be the challenge of the future.‖ An anonymous respondent 

noted, ―The ability to concentrate, focus, and distinguish between noise and 

the message in the ever growing ocean of information will be the 

distinguishing factor between leaders and followers.‖ 
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Duane Degler, principal consultant at Design for Context, a designer of 

large-scale search facilities and interactive applications for clients such as 

the National Archives and Verisign, said we‘re already witnessing a 

difference in cognitive abilities and perceptions dependent upon the 

information/communication tools people are using, and not just among the 

under-35 set.  

 ―One thing these scenarios don‘t speak to,‖ he noted, 

―is the degree to which the tools themselves are likely 

to recede further into the background, where they 

become a part of a fabric for how people carry out 

tasks and communicate. This is likely to be a result of 

both technology (pervasive computing or other types of 

context-aware interactions) and a settling in of 

personal/social habits. As a result, the dominant social 

and information behaviors are likely to be influenced by 

other factors that we can't yet see, in the same way 

current social and information behaviors are now being 

influenced by capabilities that are predominantly five 

years (or at most ten years) old.‖ 

Pamela Rutledge, director of the Media Psychology 

Research Center at Fielding Graduate University, says 

this evolution is creating a new approach to thinking. 

―The new ‗wiring‘ creates the ability to be fluid in 

adapting to change,‖ she explained. ―Experience with 

rapidly changing technologies, gaming environments, 

user interfaces, and environmental impact have 

established a new approach to thinking where ‗how 

things are supposed to be‘ is a changing rather than 

fixed understanding. ― More importantly, the ability to 

act and interact, to synthesize and connect, can 

radically change an individual's sense of agency. There 

is a new assumption about participation. It is not just 

the expectation to participate that we talk about in 

convergence culture; it is the belief that each person 

can participate in a meaningful way.  

Beliefs of agency and competence fuel intrinsic motivation, resilience and 

engagement. New York-based technology and communications consultant 

―The ability to 
act and 
interact, to 
synthesize 
and connect, 
can radically 
change an 
individual's 
sense of 
agency.   

There is a 
new 
assumption 
about 
participation. 
It is not just 
the 
expectation 
to participate 
that we talk 
about in 
convergence 
culture; it is 
the belief that 
each person 
can 
participate in 
a meaningful 
way.   

Beliefs of 
agency and 
competence 
fuel intrinsic 
motivation, 
resilience, 
and 
engagement.‖ 
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Stowe Boyd noted, ―Our society's concern with the supposed negative 

impacts of the internet will seem very old-fashioned in a decade, like 

Socrates bemoaning the downside of written language, or the 1950's fears 

about Elvis Presley's rock-and-roll gyrations. As the internet becomes a part 

of everything, like electricity has today, we will hardly notice it: it won't be 

‗technology‘ anymore, but just ‗the world.‘‖  

Richard Lowenberg, director and broadband planner for the 1st-Mile 

Institute, said many complexities lie ahead. ―Though young people may or 

may not be wired differently, there is too much hype associated with such 

evolutionary changes, and not enough attention paid to the dynamically 

complex issues that provide context for such generational changes," he 

wrote. "Major forces that affect how we are ‗wired‘—and how we evolve in 

hopefully healthy ways—include the implications of: family life; the health 

and demosophia [wisdom of the people] of societies; technological 

consumerism as driving influence; failing economic infrastructure and 

understandings which do not account for the necessary balance between 

competition and cooperation; and our largely misdirected educational 

systems, which do not foster lifelong learning and an ecology of mind. 

Without positive outcomes in these and more, we will be caught up in the 

tensions and disruptions of technology-mediated imbalances brought on by 

greater noise-to-signal among more than 7 billion people worldwide.‖ 

 

An anonymous respondent shares a ray of hope: ―Today's Internet engineers 

and developers are about as brilliant as they come; it is my opinion that all 

these different kinds of brilliant minds will fuse the old-fashioned and new-

fashioned ways of thinking into one extremely powerful and advanced future 

generation. I have faith in the ways that educators, innovators, engineers, 

developers, mentors, etc. will compensate.‖ 

Thesis 

This book, in a manner of speaking, is about generations. Lots of them. Of 
several possible themes explored, the main ones being:  

 

(1) Explaining my methodology to convince the reader that an historical 
analysis is a valid, if not essential, step to understanding China's 

future directions in innovation.  
 

(2) Acquainting the reader with the broader subject of innovation and 
risk within context of China‘s regional and cultural evolution.  
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Historically, genius has been self-starting and obsessively persistent in the 

face of significant opposition.  This is particularly true in IT.  China is already 
a heavyweight in world economic affairs and technological development. 

They aspire to become bigger.  Nothing in their track record since Nixon's 
visit suggests those aspirations are unwarranted. 

 
In the United States, there is a widespread expectation that further reforms 

of China‗s standards system will naturally converge to (almost) full 
compliance with a U.S.–style, market-led, voluntary standards system. That 

expectation can be found, for instance, in the ―United States Standards 
Strategy,‖ approved by the Board of Directors of the American National 

Standards Institute (ANSI) on December 8, 2005, which proposes a 
universal application of the globally accepted principles for development of 

global standards - which is based on the U.S. voluntary standards system. 

 
That expectation is ill-founded. Far from converging to current standards 

practices, which have historically favored the U.S., China can be expected to 
exploit their inherent economic and societal advantages to drive new 

standards and practices that will favor China's interests. If anything, the 
story line in Chapters VI to VIII make a compelling case that the combined 

effects of Western incursions and the Communist Revolution represent a 
sharp break with the past; making extrapolation difficult.  

 
The effects (and affect) of standardization activities on innovation is a critical 

subject, and an issue that needs to be developed in its own right.   In that 
regard Huawei is an interesting anecdote. The China trade representative to 

the United States once remarked that they do not make products using the 
Chinese-developed Time Division Synchronous Code Division Multiple Access 

(TD-SCDMA). A study for the U.S. Army some years ago that predicted the 

emergence of this interface as a viable product.  The conventional wisdom, 
at the time, was that it would never fly, because it would never be accepted 

as an international standard.  The conventional wisdom was wrong.  It was a 
3G standard within a couple of years.    

 
Conventional wisdom missed a key point: the size of the Chinese market 

provides more than ample economies of scale.  It is true that this technology 
has not been deployed to any extent except in China. But, what is 

interesting (and significant) is Huawei's apparent ability to defy their 
national desires to promote TD-SCDMA, in favor of pursuing the broader 

international market.  
 

U.S. assessments of the likely future course of Chinese innovations based on 
perceptions that their national practices and processes for standardization 

will converge with established international standards practices historically 

favorable to the U.S. are ill-advised, because China is well-positioned and 
can be expected to use its economic and technological advantages to 

influence future developments in international standards to its advantage. 
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TYPE OF CONSUMER FEED-BACK, BUT NOT EFFECTIVE FOR INNOVATION 
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II 

 

 

Authors William Strauss and Neil Howe have been influential in defining 

American generations in their book Generations: The History of 

America's Future, 1584 to 2069 (1991). Their generational theory is 

frequently cited in books and articles on the subject.  Howe and Strauss 

maintain that they use the term Millennials in place of Generation Y because 

the members of the generation themselves coined the term; not wanting to 

be associated with Generation X.   

Almost a decade later, they followed their large study of the history of 

American demographics with a book devoted to the new generation, titled 

Millennials Rising: The Next Great Generation (2000).  In both books, 

William Strauss and Neil Howe use 1982 and 2001 as the start and end 

years of the generation, respectively. They believe that the coming of age of 

year 2000 high school graduates sharply contrasts with those born before 

them and after them due to the attention they received from the media and 

what influenced them politically.  

According to the same authors' 1997 book, The Fourth Turning, modern 

history repeats itself every four generations; approximately 80–100 years. 

The authors of the book mention that the four-cycles always come in the 

same order. The first one, the High cycle, occurs when a new order or 

human expansion is developed, replacing the older one.  The next cycle is 

called the Awakening.  

More spiritual than the previous, this is a time of rebellion against the 

already established order.  The third cycle is known as the Unraveling, when 

elements of individualism and fragmentation take over society, developing a 

troubled era which leads directly to the Fourth Turning; an era of crisis 

dominating society during which a redefinition of its very structure, goals 

and purposes is established. 

http://en.wikipedia.org/wiki/Generations_(book)
http://en.wikipedia.org/wiki/Generations_(book)
http://en.wikipedia.org/wiki/Strauss-Howe_generational_theory
http://en.wikipedia.org/wiki/Strauss_and_Howe
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Each generation has its archetypes; the four having the following ones 

defined as: Prophet, Nomad, Hero and Artist. According to the 

aforementioned book, Millennials belong to the Hero category, featuring a 

deep trust in authority and institutions; being somewhat conventional, but 

still powerful.  They grew up during an Unraveling cycle with more 

protections than the previous generation (Gen X).  They are heavily 

dependent on team work, and thus, when they come of age, turn into the 

heroic team-working young people of a Crisis. In their middle years, they 

become the energetic, decisive and strong leaders of a High cycle; and in old 

age, they become the criticized powerful elders of an Awakening cycle.  

Another previous generation that belongs to this category is The Greatest 

Generation (1916–1924).  

One author, Elwood Carlson, locates the American generation, which he calls 

"New Boomers," between 1983 and 2001, because of the upswing in births 

after 1983, finishing with the "political and social challenges" that occurred 

after the terrorist acts of September 11, 2001 and the "persistent economic 

difficulties" of the times. The above preface generates the foundation of a 

theory driving this study project: are there evident any like cycles in 

generational history that we can ascribe to a base-lined ―youth‖ movement 

of one generation in context to the environment and outlook towards leading 

in innovation?   

Would such an algorithm behave like the proverbial ―bio-rhythm‖ charts 

where every once in a while you just happen upon a triad upswing?  Can the 

same be said for China itself? Interestingly enough, perhaps the first well-

documented East-West interaction is found in the writings associated to 

someone who may have been something of a ‗Greatest Generation‘; 

‗Generation Y‘ or ‗Millennial‘ in his time. 

How History Introduced the East to the West 
Marco Polo (c. 1254 – January 9, 1324) was a merchant traveler from the 

Venetian Republic whose travels are recorded in Il Milione; a book which did 

much to introduce Europeans to Central Asia and China.  He learned about 

trading whilst his father and uncle, Niccolò and Maffeo, travelled through 

Asia and, apparently, met Kublai Khan.  In 1269, they returned to Venice to 

meet Marco for the first time. The three of them embarked on an epic 

journey to Asia; returning after 24 years to find Venice at war with Genoa. 

Marco was imprisoned and dictated his stories to a cellmate.   

http://en.wikipedia.org/wiki/The_Travels_of_Marco_Polo
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He was released in 1299, became a wealthy man of commerce, married and 

had three children.  He died in 1324 and was buried in San Lorenzo.  Their 

pioneering journey inspired Christopher Columbus and others. Marco Polo's 

other legacies include an influence on European cartography - leading to the 

introduction of the Fra Mauro map. The exact time and place of Marco Polo's 

birth are unknown; and current theories are mostly conjectural. His father 

Niccolò was a merchant who traded with the Middle East; becoming wealthy 

and achieving great prestige. Niccolò and his brother Maffeo set off on a 

trading voyage before Marco was born.  In 1260, Niccolò and Maffeo were 

residing in Constantinople when they foresaw a political change.  

They liquidated their assets into jewels and moved away. According to The 

Travels of Marco Polo, they passed through much of Asia and met with the 

Kublai Khan.  Meanwhile, Marco Polo's mother died and he was raised by an 

aunt and uncle. Polo was well educated and learned merchant subjects 

including: foreign currency, appraising and the handling of cargo ships. 

In 1269, Niccolò and Maffeo returned to Venice; meeting Marco for the first 

time.  In 1271, Marco Polo (at seventeen years of age), his father and his 

uncle set off for Asia on the series of adventures that were later documented 

in Marco's book. They returned to Venice in 1295, 24 years later, with many 

riches and treasures. They had traveled almost 15,000 miles. Upon the 

Polos' return to Italy, Venice was at war with Genoa. Genoese admiral 

Lamba D'Oria overwhelmed a Venetian fleet at the Battle of Curzola, near 

the island of Korčula, and Polo was taken prisoner.   

He spent several months of his imprisonment dictating a detailed account of 

his travels to a fellow inmate, Rustichello da Pisa, who incorporated tales of 

his own (as well as other collected anecdotes and current affairs) from 

China.  The book soon spread throughout Europe in manuscript form, and 

became known as The Travels of Marco Polo.  It depicts the Polos' journeys 

throughout Asia - giving Europeans their first comprehensive look into the 

inner workings of the Far East including: China, India and Japan.  

While Polo's book describes paper money and the burning of coal, it fails to 

mention the Great Wall of China, chopsticks and foot-binding - making 

skeptics wonder if Marco Polo had really gone to China or wrote his book 

based on hearsay.  However, researchers note that the Great Wall familiar to 

us today is a Ming structure; post-dating Marco Polo's travels by more than 

two centuries.   

http://en.wikipedia.org/wiki/Fra_Mauro_map
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The Yuan rulers whom Polo served, as well as the preceding Jin and Liao 

Empires controlled territories both north and south of the today's wall and 

would have no reasons to maintain any fortifications that may have 

remained there from the earlier dynasties.  Other Europeans who traveled to 

Khanbaliq during the Yuan Dynasty, such as Giovanni de' Marignolli and 

Odoric of Pordenone, said nothing about the wall either. An authoritative 

version of Marco Polo's book does not exist and the early manuscripts differ 

significantly.   

The published versions of his book either relies on single scripts, blend 

multiple versions together or add notes to clarify.  One example is the 

English translation by Henry Yule.  Another English translation by A.C. Moule 

and Paul Pelliot, published in 1938, is based on the Latin manuscript which 

was found in the library of the Cathedral of Toledo in 1932 and is 50% 

longer than other versions.   

Approximately 150 variants in various languages are known to exist; and 

without the availability of a printing press many errors were made during 

copying and translation - resulting in many discrepancies.  Polo related his 

memoirs to Rustichello da Pisa while both were prisoners of the Genova 

Republic.  Rustichello wrote The Devisament du Monde in Langues d'Oil, a 

lingua franca of crusaders and western merchants in the orient.  The idea 

probably was to create a handbook for merchants; essentially a text on 

weights, measures and distances.  

The book starts with a preface about his father and uncle traveling to 

Bolghar where Prince Berke Khan lived.  A year later, they went to Ukek and 

continued to Bukhara.  There, an envoy from Levant invited them to meet 

the Khan who supposedly had never met Europeans.  In 1266, they reached 

the seat of the Kublai Khan at Dadu (present day Beijing) China. Khan 

received the brothers with hospitality and asked them many questions 

regarding the European legal and political system.  He also inquired about 

the Pope and Church in Rome.  

After the brothers answered the questions he tasked them with delivering a 

letter to the Pope; requesting 100 Christians acquainted with the Seven Arts 

(i.e. grammar, rhetoric, logic, geometry, arithmetic, music and astronomy).  

The long sede vacante between the death of Pope Clement VI in 1268 and 

the election of his successor delayed the Polos in fulfilling Khan's request.  

http://en.wikipedia.org/wiki/Yuan_Dynasty
http://en.wikipedia.org/wiki/Jin_Dynasty_(1115-1234)
http://en.wikipedia.org/wiki/Liao_Dynasty
http://en.wikipedia.org/wiki/Khanbaliq
http://en.wikipedia.org/wiki/Giovanni_de%27_Marignolli
http://en.wikipedia.org/wiki/Odoric_of_Pordenone
http://en.wikipedia.org/wiki/Il_Milione
http://en.wikipedia.org/wiki/Langues_d%27Oil
http://en.wikipedia.org/wiki/Lingua_franca
http://en.wikipedia.org/wiki/Bolghar
http://en.wikipedia.org/wiki/Berke
http://en.wikipedia.org/wiki/Ukek
http://en.wikipedia.org/wiki/Bukhara
http://en.wikipedia.org/wiki/Levant
http://en.wikipedia.org/wiki/Khanbaliq
http://en.wikipedia.org/wiki/Liberal_arts
http://en.wikipedia.org/wiki/Sede_vacante
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They followed the suggestion of Theobald Visconti, then Papal legate for the 

realm of Egypt, and returned to Venice in 1269 or 1270 to await the 

nomination of the new Pope; which allowed Marco to see his father for the 

first time at the age of fifteen or sixteen. In 1271, Niccolò, Maffeo and Marco 

Polo embarked on their voyage to fulfill Khan's request.  They sailed to Acre 

and then rode on camels to the Persian port of Hormuz.  They wanted to sail 

to China but the ships there were not seaworthy- so they continued overland 

until reaching Khan's summer palace in Shangdu, near present-day 

Zhangjiakou.   

Three and one-half years after leaving Venice, when Marco was about 21 

years old, Khan welcomed the Polos into his palace. The exact date of their 

arrival is unknown but scholars estimate it to be between 1271 and 1275.  

On reaching the Yuan court, the Polo‘s presented sacred oil from Jerusalem 

and Papal letters to their patron.  Marco knew four languages and the family 

had accumulated a great deal of knowledge and experience that was useful 

to Khan.  It is possible that he became a government official.  He wrote 

about many imperial visits to China's southern and eastern provinces, the far 

south and Burma.  

Kublai Khan declined the Polos' requests to leave China. They became 

worried about returning home safely; believing that if Khan died, his 

enemies might turn against them because of their close involvement with 

the ruler. In 1292, Khan's great-nephew, then ruler of Persia sent 

representatives to China in search of a potential wife and they asked the 

Polos to accompany them – so they were permitted to return to Persia with 

the wedding party – which left that same year from Zaitun in southern China 

on a fleet of 14 junks. The party sailed to the port of Singapore, travelled 

north to Sumatra, sailed west to the Trincomalee port of Jaffna under 

Savakanmaindan and to Pandyan of Tamilakkam. Describing the Pandyan 

kingdom under Lord Emperor Jatavarman Sundara Pandyan I as the richest 

empire in existence, Polo arrived during the reign of Maravarman Kulasekara 

Pandyan I, son of Jatavarman Sundara Pandyan I (one of five brother kings 

on the continent).   

Eventually Polo crossed the Arabian Sea to Hormuz.   The two-years voyage 

was a perilous one. Of the six hundred people (not including the crew) in the 

convoy only eighteen had survived (including all three Polo‘s).  The Polo‘s 

left the wedding party after reaching Hormuz and travelled overland to the 

port of Trebizond on the Black Sea (the present day Trabzon).  

http://en.wikipedia.org/wiki/Xanadu
http://en.wikipedia.org/wiki/Zhangjiakou
http://en.wikipedia.org/wiki/Quanzhou
http://en.wikipedia.org/wiki/Trincomalee
http://en.wikipedia.org/wiki/Jaffna_kingdom
http://en.wikipedia.org/wiki/Savakanmaindan
http://en.wikipedia.org/wiki/Pandyan_kingdom
http://en.wikipedia.org/wiki/Tamilakkam
http://en.wikipedia.org/wiki/Jatavarman_Sundara_Pandyan_I
http://en.wikipedia.org/wiki/Maravarman_Kulasekara_Pandyan_I
http://en.wikipedia.org/wiki/Maravarman_Kulasekara_Pandyan_I
http://en.wikipedia.org/wiki/Trabzon
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Legacy & Further Exploration 
Other lesser-known European explorers had already travelled to China, such 

as Giovanni da Pian del Carpine, but Polo's book meant that their journey 

was the first to be widely known.  Columbus was inspired enough by Polo's 

description of the Far East to visit those lands for himself; a copy of the book 

was among his belongings with handwritten annotations.  Bento de Góis, 

inspired by Polo's writings of a Christian kingdom in the east, travelled 4,000 

miles in three years across Central Asia.  He never found the kingdom but 

ended his travels at the Great Wall in 1605; proving that Cathay was what 

Matteo Ricci (1552–1610) called "China". The first intimations of a sea-born 

approach by the Western Europeans to East Asia came when Bartolomeo 

Diaz rounded Africa and sailed past the Cape of Good Hope into the Indian 

Ocean.  When Columbus encountered the Americas in 1492, he carried a 

letter from the Spanish Sovereigns to the Great Khan of Cathay.  

To avoid undue competition between Spain and Portugal, Pope Alexander VI 

used his authority to set the ground rules of exploration in a Papal Bull of 

1493; whose details both countries set down in the Treaty of Tordesillas.  It 

divided the unexplored world between them.  By 1498, Vasco de Gama also 

reached India by way of the Cape route.  Other Portuguese found their way 

westwards around South America into the Pacific and beyond. The road to 

Asia was now open for the Dutch and English as well. In that period, the 

distinction between trade, robbery and empire were often blurred. Alfonso 

d‘Albuquerque captured Goa for Portugal in 1510 and Malacca a year later.  

Malacca not only yielded control over the gateway to the Spice Islands but 

introduced Portugal to Chinese traders (all apologies to the Silk Road 

caravans of Arabic origin that had been doing this for who knows how many 

years B.C.), who had long been in the habit of bringing their silks, satins, 

pearls and pottery there for exchange (e.g. spices, incense and gold thread).  

Extending 4,000 miles (6,500 km), the Silk Road gets its name from the 

lucrative Chinese silk trade along it, which began during the Han Dynasty 

(206 B.C. – 220 A.D.).  The central Asian sections of the trade routes were 

expanded around 114 BCE by the Han dynasty, largely through the missions 

and explorations of Zhang Qian, but earlier trade routes across the 

continents already existed.  In the late Middle Ages, transcontinental trade 

over the land routes of the Silk Road declined as sea trade increased.  In 

recent years, both the maritime and overland Silk Routes are again being 

used, often closely following the ancient routes.  In any case, D‘Albuquerque 

created the basis, arguably, for the world‘s first global trading network.  In 

http://en.wikipedia.org/wiki/Giovanni_da_Pian_del_Carpine
http://en.wikipedia.org/wiki/Bento_de_G%C3%B3is
http://en.wikipedia.org/wiki/Matteo_Ricci
http://en.wikipedia.org/wiki/Zhang_Qian
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1513 the first boatload of Portuguese set foot on Chinese soil, near Macao.  

Three years later Rafael Perestrello made a very handsome profit that was 

the first of many future sporadic visits.  The first Portuguese Ambassador to 

China, Don Tome‘ Pires, was sent by King Manuel to the Ming court because 

the trade was so attractive and lucrative.  Not until 1535 did the Portuguese 

bribe their way into official permission to live and trade there.  By 1557, 

they had rented out the entire Macao peninsula. Within another 20 years the 

Chinese had tacitly accepted the Portuguese presence and the growing 

monopoly in trade. The port of modern Amoy was the center of it by 

proclamation; the government lifting the sea trade ban that existed since the 

old post-Zheng period.  All this was done as a quid-pro-quo that the 

Europeans clear the coast-waters and open seas of pirates.  Other 

Europeans were quick to challenge the Portuguese; as other shorter ways to 

China had been found.   

Once Hernan Cortes has conquered the Aztec empire in Mexico, he set about 

building ports – especially Acapulco around 1526. In 1564, Miguel Lopez de 

Legazpi sailed from Mexico to the Luzon islands and landed in modern day 

Manila.  By the time the Spaniards reached the Philippines, Chinese traders 

had long been trading there.  Here too was a long standing pirate problem 

and, eventually, a deal was made vis-à-vis the two nations. Later, 

interestingly enough, some of the Chinese innovation advancements came 

by contact with Christian missionaries. Father Alessandro Valignano arrived 

in Macao in 1577.  He was clever enough to adapt the mission to China and 

made it a rule to make cultural accommodations for all his priests and 

brothers. Being highly literate and educated, they were able to deal with the 

Chinese scholar-officials as the diplomats and crude seafarers never could or 

would. Collaborations ensued; involving mathematics, astronomy and 

geography.  Matteo Ricci, in particular, became famous for his scientific work 

there. Ricci wrote of his endeavors and cited the following conditions that 

made such scientific collaboration and progress viable: 

 It was a unified, albeit large, realm which was well ordered with a central orthodoxy 

through Confucianism.  

 Social life was regulated through rituals and manners that produced harmony.  

 Administration was conducted through a professional bureaucracy selected on merit.  

 

It was all in stark contrast to the fragmented and embattled state of Europe 

after the Reformation. So here lie key clues to Chinese explosion in 

innovation – holistic integration, foreign/domestic direct investment and 
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technology transfer.  In effect, Ricci and his associates were the first western 

―technical experts‖ in the empire and for all their indigenous discoveries, the 

Chinese were slow to exploit and develop them further. One instance was 

calendar calculation, which the German Jesuit, Father Adam Schall von Bell 

helped the Chinese correct.  Another example was gunpowder; but the Ming 

showed comparatively no interest in its military application. The Mongols had 

used canon in sieges while the Ming had both muskets and bombs; but it 

was not until the Japanese invaders of Korea had used cannon successfully 

in the 1590s that the Chinese condescended to learn much about them.  The 

court then asked the Jesuits to cast other canon and to teach the Chinese 

how to make them.  

To this point, dangers were containable but two other issues (population 

growth and administrative failures) beset the empire. The Ming were 

officially scornful of trade but, aside from tea exports, the taxes were low; 

causing a shortage of central revenue.  Paper money printing led to inflation. 

Hongwu and the earlier Ming emperors paid attention to infrastructure and 

law enforcement to protect the populace from banditry.  When restrictions 

on commerce were more relaxed in 1500 there was something of a boom.  

By 1600 the empire was rich but in three more decades it all came apart. 

They outgrew economically their ability to manage their success (much as 

might be happening today).  The Manchus were able to take over because 

the Ming failed to cope with decline and disruption at home.  

 

ENDNOTE (Time Now) - Several pronounced trends are emerging as the United States moves beyond its ―uni-polar moment‖; 

the foremost among them being the rise of developing powers and the proliferation of asymmetric technologies. The Asia-Pacific, with a 
rising China at its center, is the critical arena in which Washington must respond to these challenges.  China’s unyielding stance on its 
present territorial and maritime claims and continued development of anti-access/area denial (A2/ AD) capabilities are particularly 
worrisome.   
 

While it is premature to project a global power transition in which China eclipses U.S. power and influence, the United States needs to 
remain closely aware of, and engaged in, regional affairs to retain an influential role and remain a reliable security partner throughout 
the Asia-Pacific. As the People’s Republic of China (PRC) works diligently toward being indigenously innovative by the year 2020, this 
paper looks over the shoulder to historical periods where China was so; seeking connections to the present environment. 
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III 
 

 
 
Background On Ancient & Current Chinese Innovation 

The history of China is both long and rich with many innovations and 

discoveries.  In antiquity, independently of other civilizations, ancient 

Chinese philosophers made significant contributions and advances in 

science, technology, mathematics and astronomy. Traditional Chinese 

medicine, including acupuncture and herbal remedies, was also practiced 

successfully when Western Civilization was still bleeding people to death. 

Among the earliest inventions were the abacus, the "shadow clock," and the 

first flying machines such as kites and Kongming lanterns. The Four Great 

Inventions (the compass, gunpowder, paper-making and printing) were 

among the most important technological advances; only known in Europe by 

the end of the Middle Ages.  The Tang Dynasty (AD 618 - 906) in particular, 

was a time of great innovation.   A good deal of exchange occurred between 

Western and Chinese discoveries up to the Qing Dynasty. 

The Jesuit China missions of the 16th and 17th centuries introduced Western 

science and astronomy (sometimes in the calculus, but mostly in superior 

measurement devices), which was then undergoing its own renaissance 

revolution, to China, and knowledge of Chinese technology was brought to 

Europe.  Much of the early Western work in the history of science in China 

was done by Joseph Needham. 

Time Now - For more than a century China's leaders have called for rapid 

development of science and technology.  In fact, science policy has played a 

greater role in national politics in China than in many other countries. 

China's scientific and technical achievements have been impressive in many 

fields.  Although it has been a relatively low-income, developing country, 

China has by its own efforts managed to develop nuclear weapons, the 

ability to launch and recover satellites, supercomputers and high-yield 

hybrid rice (not for the first time according to history); among others.  

Yet, the development of China‘s science and technology has been uneven -  

significant achievements in some fields are matched by low levels in others. 

http://en.wikipedia.org/wiki/Four_Great_Inventions
http://en.wikipedia.org/wiki/Four_Great_Inventions
http://en.wikipedia.org/wiki/List_of_Chinese_inventions
http://en.wikipedia.org/wiki/Qing_Dynasty
http://en.wikipedia.org/wiki/Joseph_Needham
http://en.wikipedia.org/wiki/Hybrid_rice
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The evolving structure of science and technology and frequent reversals of 

policy under the People's Republic have combined to give Chinese science a 

distinctive character. The variation in quality and achievements stems in part 

from a large and poorly educated rural populace and the somewhat limited 

opportunities for secondary and higher education — conditions common to 

all developing countries.  

The character of Chinese science has also reflected the concentration of 

resources in a few key fields and institutions; many with military 

applications. In more politically radical periods — such as the Great Leap 

Forward (1958–60) and the Cultural Revolution (1966–76) — efforts were 

made to expand the ranks of scientists and technicians by sharply reducing 

education and certification standards.  

While the growth of China‘s comprehensive national power may continue to 

proceed rapidly; it may, alternatively, slow or even falter. There is a strong 

possibility that China is already facing increasing ―headwinds‖ in its growth.  

These negative factors could manifest themselves even as China challenges 

U.S. forces increasingly via asymmetric means -- with particular focus on the 

three ―Near Seas‖ (i.e., the Yellow, East China and South China Seas). In 

fact, economic problems and even resulting political instability could 

combine with rising nationalism to motivate Chinese leaders to adopt more 

confrontational military approaches; particularly regarding unresolved 

territorial and maritime claims in the Near Seas.  

If this is the case, the era in which China poses the greatest potential to 

challenge U.S. strategic interests and the efficacy of the global system—and 

is doing so in practice—may have already begun. Assuming that high 

intensity kinetic conflict can be avoided—fortunately, a highly likely 

prospect; particularly given Washington and Beijing‘s substantial shared 

interests—China‘s greatest challenge to U.S. interests and the global system 

might thus be the already-unfolding strategic competition, friction, pres-

suring and occasional crises in the Near Seas. Strategically, controlling the 

Indian Ocean is key to anyone‘s long-term economic supremacy.23 

Beijing‘s ―blue water‖ naval expansion beyond the second island chain, 

which is not proceeding at the highest level, does not yet pose a serious 

problem for Washington.  Indeed, as a growing great power, it is only 

natural for China to develop an increasing presence in this realm and, in 

                                                 
23 Kaplan, R.; MONSOON 
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many respects, it should be welcomed.  The U.S. has and will continue to 

have many viable options to address any problems that might emerge in this 

area, at least with respect to a high intensity kinetic conflict.  For instance, 

Chinese forces themselves are highly vulnerable to precisely the same types 

of ―asymmetric‖ approaches (e.g., missile attacks) that they can employ to 

great effect closer to China‘s shores. In fact, there is substantial room for 

cooperation beyond the Near Seas. This potential may even be said to be 

growing, as China‘s overseas interests and capabilities increase, thereby 

allowing it to contribute in unprecedented ways.  

In this area, which covers the vast majority of the globe, China appears to 

be cautiously open to U.S. ideas about ―defense of the global system‖—

which offer excellent opportunities for ―free riding‖ off U.S.-led public goods 

provision.  The problem is that in the Near Seas themselves, and possibly 

beyond them over time, China is working to carve out a sphere of strategic 

influence within which freedom of navigation and other important 

international system-sustaining norms do not apply.  

Thus, [aside from the more inherently malignant proliferation of weapons of 

mass destruction (WMD), other pernicious activities of rogue states like Iran 

or North Korea, terrorism, ideological extremism, disruptive technologies 

and climate change] what is arguably the greatest potential challenge to 

U.S. and systemic interests is China‘s already-present ability to engage in 

anti-access/area denial (A2/AD) operations within the Near Seas/first island 

chain and their immediate approaches.   

Such is assisted, in part, by the land-based Second Artillery Force as well as 

longer-range precision strikes and global cyber activities. This A2/AD 

challenge threatens U.S. naval platforms but is far more than just a Chinese 

navy-based threat. It could already be difficult to handle kinetically with 

current U.S. approaches and the situation appears to be worsening rapidly. 

The U.S. may not have years to develop new countermeasures and prepare 

to address the most difficult aspects of the problem; in a sense, ―the future 

is now.‖ 

Mo Di and the School of Names 
The Warring States Period began 2500 years ago at the time of the invention 

of the crossbow. Needham noted that the invention of the crossbow "far 

outstripped the progress in defensive armor"; which made the wearing of 

armor useless to the princes and dukes of the states.  At this time, there 
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were also many nascent schools of thought in China — the Hundred Schools 

of Thought (諸子百家); scattered among many polities.  The schools served 

as communities which advised the rulers of these states.  Mo Di (墨翟 Mozi, 

470 B.C.–ca. 391 B.C.) introduced concepts useful to one of those rulers, 

such as defensive fortification. One of these concepts, fa (法 principle or 

method) was extended by the School of Names (名家 Ming jia, ming=name), 

which began a systematic exploration of logic.  

The development of a school of logic was cut short by the defeat of Mohism's 

political sponsors by the Qin Dynasty, and the subsumption of fa as law 

rather than method by the Legalists (法家 Fa jia). Needham further noted 

that the Han Dynasty, which conquered the short-lived Qin, were made 

aware of the need for law by Lu Chia and by Shu-Sun Thung, as defined by 

the scholars, rather than the generals.  "You conquered the empire on 

horseback, but from horseback you will never succeed in ruling it" — Lu Chia    

Derived from Taoist philosophy, one of the newest longstanding 

contributions of the ancient Chinese are in Traditional Chinese medicine; 

including acupuncture and herbal medicine.  The practice of acupuncture can 

be traced back as far as the first millennium B.C. and some scientists believe 

that there is evidence that practices similar to acupuncture were used in 

Eurasia during the early Bronze Age.  

Using shadow clocks and the abacus (both invented in the ancient Near East 

before spreading to China), the Chinese were able to record observations; 

documenting the first recorded solar eclipse in 2137 B.C. and making the 

first recording of any planetary grouping in 500 B.C.. These claims, however, 

are highly disputed and rely on much supposition. The Book of Silk was the 

first definitive atlas of comets, written c.400 B.C.. It listed 29 comets 

(referred to as sweeping stars) that appeared over a period of about 300 

years--with renderings of comets describing an event its appearance 

corresponded to.   

In architecture, the pinnacle of Chinese technology manifested itself in the 

Great Wall of China, under the first Chinese Emperor Qin Shi Huang between 

220 and 200 B.C.. Typical Chinese architecture changed little from the 

succeeding Han Dynasty until the 19th century. The Qin Dynasty also 

developed the crossbow; which later became the mainstream weapon in 

Europe.  Several remains of crossbows have been found among the soldiers 

of the Terracotta Army in the tomb of Qin Shi Huang.  
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Four Great Inventions 

The ―Four Great Inventions‖: (simplified Chinese: 四大发明; traditional 

Chinese: 四大發明; pinyin: sì dà fāmíng) the compass, gunpowder, 

papermaking and printing were developed first.  Printing was recorded in 

China in the Tang Dynasty, although the earliest surviving examples of 

printed cloth patterns date to before 220.  Pin-pointing (no pun intended) 

the development of the compass can be difficult: the magnetic attraction of 

a needle is attested by the Louen-heng, composed between A.D. 20 and 

100, although the first undisputed magnetized needles in Chinese literature 

appear in 1086.  

By A.D. 300, Ge Hong, an alchemist of the Jin Dynasty, conclusively 

recorded the chemical reactions caused when saltpeter, pine resin and 

charcoal were heated together, in Book of the Master of the Preservations of 

Solidarity.  Another early record of gunpowder, a Chinese book from c. 850 

A.D., indicates: 

"Some have heated together sulfur, realgar and saltpeter 

with honey; smoke and flames result, so that their hands 

and faces have been burnt and even the whole house where 

they were working burned down."  

These four discoveries had an enormous impact on the development of 

Chinese civilization and a far-ranging global impact. Gunpowder, for 

example, spread to the Arabs in the 13th century and thence to Europe. 

According to English philosopher Francis Bacon, writing in Novum Organum: 

―Printing, gunpowder and the compass: These three have 

changed the whole face and state of things throughout the 

world; the first in literature, the second in warfare, the third 

in navigation; whence have followed innumerable changes, 

in so much that no empire, no sect, no star seems to have 

exerted greater power and influence in human affairs than 

these mechanical discoveries‖. 

One of the most important military treatises of all Chinese history was the 

Huo Long Jing; written by Jiao Yu in the 14th century. For gunpowder 

weapons it outlined the use of fire arrows, rockets, fire lances, firearms, land 

mines, naval mines, bombards and cannons along with different 

compositions of gunpowder including: 'magic gunpowder', 'poisonous 
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gunpowder', and 'blinding and burning gunpowder'.  For the 11th century 

invention of ceramic movable type printing by Bi Sheng (990-1051), it was 

enhanced by the wooden movable type of Wang Zhen in 1298 and the 

bronze metal movable type of Hua Sui in 1490. 

Han Dynasty 
The Eastern Han Dynasty scholar and astronomer Zhang Heng (78-139 A.D.) 

invented the first water-powered rotating armillary sphere (the first armillary 

sphere having been invented by the Greek Eratosthenes) and catalogued 

2500 stars and over 100 constellations. In 132, he invented the first 

seismological detector, called the "Houfeng Didong Yi" ("Instrument for 

inquiring into the wind and the shaking of the earth").  According to the 

History of Later Han Dynasty (25-220 A.D.), this seismograph was an urn-

like instrument, which would drop one of eight balls to indicate when and in 

which direction an earthquake had occurred.  On June 13, 2005, Chinese 

seismologists announced that they had created a replica of the instrument.  

The mechanical engineer Ma Jun (c.200-265 A.D.) was another impressive 

figure from ancient China. Ma Jun improved the design of the silk loom, 

designed mechanical chain pumps to irrigate palatial gardens and created a 

large, intricate mechanical puppet theater for Emperor Ming of Wei, which 

was operated by a large hidden waterwheel. However, Ma Jun's most 

impressive invention was the South Pointing Chariot; a complex mechanical 

device that acted as a mechanical compass vehicle.  

It incorporated the use of a differential gear in order to apply equal amount 

of torque to wheels rotating at different speeds--a device that is found in all 

modern automobiles. Sliding calipers, another modern day marvel we take 

for granted, also were invented in China almost 2,000 years ago. The 

Chinese civilization was the earliest civilization to experiment successfully 

with aviation; with the kite and Kongming lantern (i.e., a prototypical hot air 

balloon) being the first flying machines.  

Science and Technology of the Han Dynasty 
The Han Dynasty (206 B.C. – 220 A.D.) of ancient China divided between 

the eras of Western Han (206 B.C. – 9 A.D., when the capital was at 

Chang'an), Xin Dynasty of Wang Mang (9–23 A.D.), and Eastern Han (25–

220 A.D., when the capital was at Luoyang and after 196 A.D. at Xuchang), 

witnessed some of the most significant advancements in pre-modern 

Chinese science & technology.  
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There were great innovations in metallurgy. In addition to Zhou-dynasty 

China's (c. 1050 B.C. – 256 A.D.) previous inventions of the blast furnace 

and cupola furnace to make pig iron and cast iron, respectively, the Han 

period saw the development of steel and wrought iron by use of the finery 

forge and puddling process. With the drilling of deep boreholes into the 

earth, the Chinese used not only derricks to lift brine up to the surface to be 

boiled into salt, but also set up bamboo-crafted pipeline transport systems 

which brought natural gas as fuel to the furnaces.  Smelting techniques were 

enhanced with inventions such as the waterwheel-powered bellows; the 

resulting widespread distribution of iron tools facilitated the growth of 

agriculture.  

For tilling the soil and planting straight rows of crops, the improved heavy-

moldboard plough with three iron plowshares and sturdy multiple-tube iron 

seed drill were invented in the Han; which greatly enhanced production 

yields and thus sustained population growth. The method of supplying 

irrigation ditches with water was improved with the invention of the 

mechanical chain pump, powered by the rotation of a waterwheel or draft 

animals, which could transport irrigation water up elevated terrains.  The 

waterwheel was also used for operating trip hammers in pounding grain and 

in rotating the metal rings of the mechanical-driven astronomical armillary 

sphere representing the celestial sphere around the Earth. 

The quality of life was improved with many Han inventions. The Han Chinese 

had hempen-bound bamboo scrolls to write on, yet by the 2nd century A.D. 

had invented the papermaking process; which created a writing medium that 

was both cheap and easy to produce.  The invention of the wheelbarrow 

aided in the hauling of heavy loads. The maritime junk ship and stern-

mounted steering rudder enabled the Chinese to venture out of calmer 

waters of interior lakes and rivers and into the open sea.  The invention of 

the grid reference for maps and raised-relief map allowed the Chinese to 

better navigate their terrain.  

In medicine, they used new herbal remedies to cure illnesses, calisthenics to 

keep physically fit and regulated diets to avoid diseases. Authorities in the 

capital were warned ahead of time of the direction of sudden earthquakes 

with the invention of the seismometer that was tripped by a vibration-

sensitive pendulum device.  To mark the passing of the seasons and special 

occasions, the Han Chinese utilized two variations of the lunisolar calendar, 

which were established due to efforts in astronomy and mathematics.  Han-
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era Chinese advancements in mathematics include the discovery of square 

roots, cube roots, the Pythagorean theorem, Gaussian elimination, the 

Horner scheme, improved calculations of pi and negative numbers.  

Hundreds of new roads and canals were built to facilitate transport, 

commerce, tax collection, communication and movement of military troops. 

The Han-era Chinese also employed several types of bridges to cross 

waterways and deep gorges, such as beam bridges, arch bridges, simple 

suspension bridges and pontoon bridges.  Han ruins of defensive city walls 

made of brick or rammed earth still stand today. 

Modern Science & Technology Perspectives on Han 
Dr. Jin Guantao (a professor of the Institute of Chinese Studies at the 

Chinese University of Hong Kong), Dr. Fan Hongye, (a research fellow with 

the Chinese Academy of Sciences‘ Institute of Science Policy and Managerial 

Science) and Dr. Liu Qingfeng (a professor of the Institute of Chinese 

Culture at the Chinese University of Hong Kong) assert that the latter part of 

the Han Dynasty was a unique period in the history of pre-modern Chinese 

science and technology. They compare it to the incredible pace of scientific 

and technological growth during the Song Dynasty (960–1279 A.D.).  

However, they also argue that without the influence of proto-scientific 

precepts in the ancient philosophy of Mohism, Chinese science continued to 

lack a definitive structure.  From the middle and late Eastern Han to the 

early Wei and Jin dynasties, the net growth of ancient Chinese science and 

technology experienced a peak (second only to that of the Northern Song 

dynasty).  Han studies of the Confucian classics, which for a long time had 

hindered the socialization of science, were declining.  

If Mohism, rich in scientific thought, had rapidly grown and strengthened, 

the situation might have been very favorable to the development of a 

scientific structure.  However, this did not happen because the seeds of the 

primitive structure of science were never formed.  During the late Eastern 

Han, disastrous upheavals again occurred in the process of social 

transformation; leading to the greatest social disorder in Chinese history. 

One can imagine the effect of this calamity on science and technology.  

Joseph Needham (1900–1995), a late Professor from the UK University of 

Cambridge and author of the groundbreaking Science and Civilization in 

China series, stated that the "Han time (especially the Later Han) was one of 

the relatively important periods as regards the history of science in China." 
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He noted the advancements during Han of astronomy with calendrical 

sciences, the beginnings of systematic botany-zoology, as well as the 

philosophical skepticism and rationalist thought embodied in Han works such 

as the Lunheng by the philosopher Wang Chong (27–100 A.D.).  

Writing Materials 
One of the remembered artifacts of ancient knowledge and innovative 

thinking can be found in an unfolded traditional bamboo scroll book 

(Chinese: 册) of Sun Tzu‘s (Sunzi's; 6th century B.C.) The Art of War. 

Museums often display a Qing Dynasty copy from the reign of the Qianlong 

Emperor (1736–1795 A.D.). It also represents the innovation by the 

medium. The most common writing mediums found in archaeological digs 

from ancient sites predating the Han period are shells and bones as well as 

bronze-wares.   

In the beginning of the Han period, the chief writing mediums were bamboo 

(Chinese: 竹簡), clay tablets, silk cloth and rolled scrolls made of strips of 

bamboo sewn together with hempen string passed through drilled holes (册) 

and secured with clay stamps. The written characters on these narrow flat 

strips of bamboo were arranged into vertical columns. While maps drawn in 

ink on flat silk cloths have been found in the tomb of the Marquess of Dai 

(interred in 168 B.C. at Mawangdui, Hunan province), the earliest known 

paper map found in China, dated 179–41 B.C. and located at Fangmatan 

(near Tianshui, Gansu province), is incidentally the oldest known piece of 

paper.  

Yet Chinese hempen paper of the Western Han and early Eastern Han eras 

was of a coarse quality and used primarily as wrapping paper. The 

papermaking process was not formally introduced until the Eastern Han 

court eunuch Cai Lun (50–121 A.D.) created a process in 105 A.D. where 

mulberry tree bark, hemp, old linens and fish nets were boiled together to 

make a pulp that was pounded, stirred in water and then dunked with a 

wooden sieve containing a reed mat that was shaken, dried and bleached 

into sheets of paper.  

The oldest known piece of paper with writing on it comes from the ruins of a 

Chinese watchtower at Tsakhortei, Alxa League, Inner Mongolia; dated 

precisely 110 A.D. when the Han garrison abandoned the area following a 

nomadic Xiongnu attack. By the 3rd century, paper became one of China's 

chief writing mediums.  
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Ceramics 
The Han Dynasty ceramics industry was upheld by private businesses as well 

as local government agencies.  Ceramics were used in domestic wares and 

utensils as well as construction materials for roof tiles and bricks.  Han 

Dynasty grey pottery—its color derived from the clay that was used—was 

superior to earlier Chinese grey pottery due to the Han people's use of larger 

kiln chambers, longer firing tunnels and improved chimney designs.  

Kilns of the Han Dynasty making grey pottery were able to reach firing 

temperatures above 1832°F.  However, hard southern Chinese pottery made 

from a dense adhesive clay native only in the south (i.e. Guangdong, 

Guangxi, Hunan, Jiangxi, Fujian, Zhejiang and southern Jiangsu) was fired at 

even higher temperatures than grey pottery during the Han. Glazed pottery 

of the Shang (c. 1600 – c. 1050 B.C.) and Zhou (c. 1050 – 256 B.C.) 

dynasties were fired at high temperatures but by the mid Western Han (206 

B.C. – 9 A.D.), a brown-glazed ceramic was made which was fired at the low 

temperature of 1472°F, followed by a green-glazed ceramic which became 

popular in the Eastern Han (25–220 A.D.).  

Wang Zhongshu states that the light-green stoneware known as celadon was 

thought to exist only since the Three Kingdoms (220–265 A.D.) period 

onwards, but argues that ceramic shards found at Eastern Han (25–220 

A.D.) sites of Zhejiang province can be classified as celadon. However, 

Richard Dewar argues that true celadon was not created in China until the 

early Song Dynasty (960–1279) when Chinese kilns were able to reach a 

minimum furnace temperature of 2300°F; with a preferred range of 2345° to 

2381°F for celadon.  

Metallurgy - Furnaces and Smelting Techniques 

A blast furnace converts raw iron ore into pig iron; which can be re-melted 

in a cupola furnace to produce cast iron. The earliest specimens of cast iron 

found in China date to the 5th century B.C. during the late Spring and 

Autumn Period, yet the oldest discovered blast furnaces date to the 3rd 

century B.C. and the majority date to the period after Emperor Wu of Han 

(141–87 B.C.) established a government monopoly over the iron industry in 

117 B.C. (most of the discovered iron works sites built before this date were 

merely foundries which recast iron that had been smelt elsewhere).  

Iron ore smelted in blast furnaces during the Han was rarely if ever cast 

directly into permanent molds; instead, the pig iron scraps were re-melted in 
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the cupola furnace to make cast iron.  Cupola furnaces utilized a ‗cold blast‘ 

raveling through tuyere pipes from the bottom and over the top where the 

charge of charcoal and pig iron was introduced.  The air traveling through 

the tuyere pipes thus became a ‗hot blast‘ once it reached the bottom of the 

furnace. Although Chinese civilization lacked the bloomery, the Han Chinese 

were able to make wrought iron when they injected too much oxygen into 

the cupola furnace; causing decarburization.   

The Han-era Chinese were also able to convert cast iron and pig iron into 

wrought iron and steel by using the finery forge and puddling processes; the 

earliest specimens of such dating to the 2nd century B.C. and found at 

Tieshengguo near Mount Song of Henan province. The semi-subterranean 

walls of these furnaces were lined with refractory bricks and had bottoms 

made of refractory clay.  Besides charcoal made of wood, Wang Zhongshu 

states that another furnace fuel used during the Han were "coal cakes"--- a 

mixture of coal powder, clay and quartz.  

Use of Steel, Iron and Bronze 

Donald B. Wagner writes that most domestic iron tools and implements 

produced during the Han were made of cheaper and more brittle cast iron; 

whereas the military preferred to use wrought iron and steel weaponry due 

to their more durable qualities.  During the Han Dynasty, the typical 1.5 ft. 

bronze sword found in the Warring States Period was gradually replaced with 

an iron sword measuring roughly 3 ft. in length.   

The ancient dagger-axe (ge), made of bronze, was still used by Han soldiers 

although it was gradually phased out by iron spears and iron (ji) halberds.  

Even arrowheads, which were traditionally made of bronze, gradually only 

had a bronze tip and iron shaft until the end of the Han when the entire 

arrowhead was made solely of iron.  

Farmers, carpenters, bamboo craftsmen, stonemasons and rammed earth 

builders had at their disposal iron tools such as the plowshare, pickaxe, 

spade, shovel, hoe, sickle, adze, hammer, chisel, knife, saw, scratch awl and 

nails.  Common iron commodities found in Han Dynasty homes included: 

tripods, stoves, cooking pots, belt buckles, tweezers, fire tongs, scissors.  

kitchen knives, fish hooks and needles.  Mirrors and oil lamps were often 

made of either bronze or iron.  Coin money minted during the Han was made 

of either copper or copper & tin smelted together to make the bronze alloy.  
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Agriculture - Tools and Methods 
Modern archaeologists have unearthed Han iron farming tools throughout 

China, from Inner Mongolia in the north to Yunnan in the south.  The spade, 

shovel, pick and plow were used for tillage, the hoe for weeding, the rake for 

loosening the soil and the sickle for harvesting crops.  Depending on their 

size, Han plows were driven by either one ox or two oxen.   

Oxen were also used to pull the three-legged iron seed drill (invented in Han 

China by the 2nd century B.C.), which enabled farmers to plant seeds in 

precise rows instead of casting them out by hand.  While artwork of the Wei 

(220–265 A.D.) and Jin (265–420 A.D.) periods show use of the harrow for 

breaking up chunks of soil after plowing, it perhaps first appeared in China 

during the Eastern Han (25–220 A.D.). Irrigation works for agriculture 

included the use of water wells, artificial ponds and embankments, dams, 

canals and sluice gates.  

Alternating Fields/Crop Rotation 

During Emperor Wu's (141–87 B.C.) reign, the Grain Intendant Zhao Guo 

(趙過) invented the alternating fields system (daitianfa 代田法). For every 

mou of land—i.e. a thin but elongated strip of land measuring 4.5 ft. wide 

and 1085 ft. long; or an area of roughly 0.113 acres—three low-lying 

furrows (quan 甽) that were each 0.7 ft. wide were sowed in straight lines 

with crop seed.  

While weeding in the summer, the loose soil of the ridges (long 壟) on either 

side of the furrows would gradually fall into the furrows; covering the 

sprouting crops and protecting them from wind and drought. Since the 

position of the furrows and ridges were reversed by the next year, this 

process was called the alternating fields system.  

This system allowed crops to grow in straight lines from sowing to harvest, 

conserved moisture in the soil and provided a stable annual yield for 

harvested crops. Zhao Guo first experimented with this system right outside 

the capital Chang'an and once it proved successful, he sent out instructions 

for it to every commandery administrator; who were then responsible for 

disseminating these to the heads of every county, district and hamlet in their 

commanderies. Sadao Nishijima speculates that the Imperial Counselor Sang 

Hongyang (d. 80 B.C.) perhaps had a role in promoting this new system.  
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Rich families who owned oxen and large heavy moldboard iron plows greatly 

benefited from this new system.  However, poorer farmers who did not own 

oxen resorted to using teams of men to move a single plow; which was 

exhausting work.    

The author Cui Shi (催寔) (d. 170 A.D.) wrote in his Simin yueling (四民月令) 

that by the Eastern Han Era (25–220 A.D.) an improved plow was invented 

which needed only one man to control it, two oxen to pull it, had three 

plowshares, a seed box for the drills, a tool which turned down the soil and 

could sow roughly 11.3 acres of land in a single day.  

Pit Fields 

During the reign of Emperor Cheng of Han (33–7 B.C.), Fan Shengzhi wrote 

a manual (i.e. the Fan Shengzhi shu 氾勝之書) which described the pit field 

system (aotian 凹田).  In this system, every mou of farmland was divided 

into 3,840 grids which each had a small pit that was dug 5.5 in. deep and 

5.5 in. wide and had good quality manure mixed into the soil. Twenty seeds 

were sowed into each pit; which allegedly produced 20 oz. of harvested 

grain per pit or roughly 4 227 lbs. per mou.  

This system did not require oxen-driven plows or the most fertile land, since 

it could be employed even on sloping terrains where supplying water was 

difficult for other methods of farming. Although this method was favored by 

the poor, it did require intensive labor, thus only large families could 

maintain such a system.  

Rice Paddies 

Han farmers in the Yangzi River region of southern China often maintained 

paddy fields for growing rice.  Every year, they would burn weeds in the 

paddy field, drench it in water, sow rice by hand and around harvest time 

cut the surviving weeds and drown them a second time.  In this system, 

fields lay fallow much of the year; thus not very fertile.  

However, Han rice farmers to the north around the Huai River practiced the 

more advanced system of transplantation, where individual plants were 

given intensive care (perhaps in the same location as the paddy field), their 

offshoots separated (conserving more water) and the field heavily fertilized 

(since winter crops were grown while the rice seedlings were situated nearby 

in a nursery).  
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Mechanical and hydraulic engineering 
 

Literary sources and archaeological evidence 
 

 

 
A Han-dynasty pottery model of two men operating a winnowing machine  

with a crank handle and a tilt hammer used to pound grain [SOURCE: Wikipedia] 
 

Modern archaeology has led to the discovery of Han artwork portraying 

inventions which were otherwise absent in Han literary sources. This 

includes the crank handle. Han pottery tomb models of farmyards and 

gristmills possess the first known depictions of crank handles, which were 

used to operate the fans of winnowing machines. The machine was used to 

separate chaff from grain, but the Chinese of later dynasties also employed 

the crank handle for silk-reeling, hemp-spinning, flour-sifting and drawing 

water from a well using the windlass.  

Evidence of Han-era mechanical engineering comes largely from the choice 

observational writings of sometimes disinterested Confucian scholars. 

Professional artisan-engineers (jiang 匠) did not leave behind detailed 

records of their work.  Han scholars, who often had little or no expertise in 

mechanical engineering, sometimes provided insufficient information on the 

various technologies they described.  

Nevertheless, some Han literary sources provide crucial information.  As 

written by Yang Xiong in 15 B.C., the belt drive was first used for a quilling 

device which wound silk fibers onto the bobbins of weaver shuttles.  The 

invention of the belt drive was a crucial first step in the development of later 

technologies during the Song Dynasty, such as the chain drive and spinning 

wheel.  
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The inventions of the artisan-engineer Ding Huan (丁緩) are mentioned in 

the Miscellaneous Notes on the Western Capital. The official and poet Sima 

Xiangru (179–117 B.C.) once hinted in his writings that the Chinese used a 

censer in the form of a gimbal, a pivot support made of concentric rings 

which allow the central gimbal to rotate on an axis while remaining vertically 

positioned. However, the first explicit mention of the gimbal used as an 

incense burner occurred around 180 A.D. when the artisan Ding Huan 

created his 'Perfume Burner for use among Cushions'; which allowed burning 

incense placed within the central gimbal to remain constantly level even 

when moved.  

Ding had other inventions as well.  For the purpose of indoor air 

conditioning, he set up a large manually operated rotary fan which had 

rotating wheels that were 10 ft. in diameter.  He also invented the zoetrope 

lamp, which he called the 'nine-storied hill-censer', since it was shaped as a 

hillside.  When the cylindrical lamp was lit, the convection of rising hot air 

currents caused vanes placed on the top to spin, which in turn rotated 

painted paper figures of birds and other animals around the lamp.  

From literary sources it is known that the collapsible umbrella was invented 

during Wang Mang's reign, although the simple parasol existed beforehand. 

This employed sliding levers and bendable joints that could be protracted 

and retracted.  From existing specimens found at archaeological sites, it is 

known that Han-era craftsmen made use of the sliding metal caliper to make 

minute measurements. Although Han-era calipers bear incised inscriptions of 

the exact day of the year they were manufactured, they are not mentioned 

in any Han literary sources.   

When Emperor Gaozu of Han (r. 202 – 195 B.C.) came upon the treasury of 

Qin Shi Huang (r. 221–210 B.C.) at Xianyang following the downfall of the 

Qin Dynasty (221–206 B.C.), he found an entire miniature musical orchestra 

of puppets (3 ft. tall) who played mouth organs if one pulled on ropes and 

blew into tubes to control them.  Zhang Heng wrote in the 2nd century A.D. 

that people could be entertained by theatrical plays of artificial fish and 

dragons.   

Later, the inventor Ma Jun (fl. 220–265 A.D.) invented a theater of moving 

mechanical puppets powered by the rotation of a hidden waterwheel. To 

measure distance traveled, the Han-era Chinese also created the odometer 

cart. This invention is depicted in Han artwork by the 2nd century A.D., yet 

http://en.wikipedia.org/wiki/Sima_Xiangru
http://en.wikipedia.org/wiki/Sima_Xiangru
http://en.wikipedia.org/wiki/Censer
http://en.wikipedia.org/wiki/Gimbal
http://en.wikipedia.org/wiki/Rotate
http://en.wikipedia.org/wiki/Zoetrope
http://en.wikipedia.org/wiki/Convection
http://en.wikipedia.org/wiki/Caliper
http://en.wikipedia.org/wiki/Emperor_Gaozu_of_Han
http://en.wikipedia.org/wiki/Qin_Shi_Huang
http://en.wikipedia.org/wiki/Xianyang
http://en.wikipedia.org/wiki/Qin_Dynasty
http://en.wikipedia.org/wiki/Puppet
http://en.wikipedia.org/wiki/Free_reed_aerophone
http://en.wikipedia.org/wiki/Ma_Jun
http://en.wikipedia.org/wiki/Floruit
http://en.wikipedia.org/wiki/Odometer


20-20 Hindsight 
 

 104 

detailed written descriptions were not offered until the 3rd century A.D.. The 

wheels of this device rotated a set of gears which in turn forced mechanical 

figures to bang gongs and drums that alerted the travelers of the distance 

traveled (measured in li).  

Uses of the waterwheel and water clock 

By the Han Dynasty, the Chinese developed various uses for the waterwheel. 

An improvement of the simple lever-and-fulcrum tilt hammer device 

operated by one's foot, the hydraulic-powered trip hammer used for 

pounding, decorticating, and polishing grain was first mentioned in the Han 

dictionary Ji jiu pian (急就篇) of 40 B.C..  

 

It was also mentioned in the Regional Speech (Fangyan) dictionary written 

by Yang Xiong (53 B.C. – 18 A.D.) in 15 B.C., the philosophical Xinlun 新論 

written by Huan Tan (43 B.C. – 28 A.D.) in 20 A.D., the poetry of Ma Rong 

(79–166 A.D.), and the writings of Kong Rong (153–208 A.D).  In his 

Balanced Discourse (Lunheng), the philosopher Wang Chong (27–100 A.D.) 

was the first in China to describe the square-pallet chain pump used to lift 

water (and other substances).  

 

Although some models were operated manually by foot pedals, some chain 

pumps were powered by a horizontal waterwheel which rotated large 

toothed gears and a horizontal axis beam.  Their primary use was for lifting 

water into irrigation ditches, but chain pumps were also used in public works 

programs, such as when Zhang Rang (d. 189 A.D.) had an engineer build 

several of them to lift water into pipes that provided the capital Luoyang and 

its palaces with clean water. 

 

Two types of hydraulic-powered chain pumps  
from an encyclopedia written in 1637 by Song Yingxing [SOURCE: Wikipedia] 
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While acting as administrator of Nanyang in 31 A.D., Du Shi (d. 38 A.D.) 

invented a water-powered reciprocator which worked the bellows of the blast 

furnace and cupola furnace in smelting iron; before this invention, intensive 

manual labor was required to work the bellows.  

 

A Han-dynasty era mold for making bronze gear wheels [SOURCE: Wikipedia] 
 

Although the astronomical armillary sphere (representing the celestial 

sphere) existed in China since the 1st century B.C., the mathematician and 

court astronomer Zhang Heng (78–139 A.D.) provided it with motive power 

by using the constant pressure head of an inflow water clock to rotate a 

waterwheel that acted on a set of gears.  Zhang Heng was also the first to 

address the problem of the falling pressure head in the inflow water clock 

(which gradually slowed the timekeeping) by setting up an additional tank 

between the reservoir and inflow vessel.  

Seismometer 

The Han court was responsible for the major efforts of disaster relief when 

natural disasters such as earthquakes devastated the lives of commoners. 

To better prepare for calamities, Zhang Heng invented a seismometer in 132 

A.D. which provided instant alert to authorities in the capital Luoyang that 

an earthquake had occurred in a location indicated by a specific cardinal or 

ordinal direction.  

Although no tremors could be felt in the capital when Zhang told the court 

that an earthquake had just occurred in the northwest, a message came 

soon afterwards that an earthquake had indeed struck 248-310 miles 

http://en.wikipedia.org/wiki/Nanyang,_Henan
http://en.wikipedia.org/wiki/Du_Shi
http://en.wikipedia.org/wiki/Reciprocating_motion
http://en.wikipedia.org/wiki/Armillary_sphere
http://en.wikipedia.org/wiki/Celestial_sphere
http://en.wikipedia.org/wiki/Celestial_sphere
http://en.wikipedia.org/wiki/Zhang_Heng
http://en.wikipedia.org/wiki/Pressure_head
http://en.wikipedia.org/wiki/Water_clock
http://en.wikipedia.org/wiki/Cardinal_direction
http://en.wikipedia.org/wiki/Cardinal_direction
http://en.wikipedia.org/wiki/File:Mold_for_bronze_gear_Han_dinasty.JPG


20-20 Hindsight 
 

 106 

northwest of Luoyang (in what is now modern Gansu). Zhang called his 

device the 'instrument for measuring the seasonal winds and the movements 

of the Earth' (Houfeng didong yi 候风地动仪), so-named because he and 

others thought that earthquakes were most likely caused by the enormous 

compression of trapped air.  

 
 

A modern replica of Zhang Heng's seismometer of 132 A.D. [SOURCE: Wikipedia] 
 

As described in the Book of the Later Han, the frame of the seismometer 

was a domed bronze vessel in the shape of a wine jar, although it was 6 ft. 

in diameter and decorated with scenes of mountains and animals.  The 

trigger mechanism was an inverted pendulum (which the Book of the Later 

Han calls the "central column") that, if disturbed by the ground tremors of 

earthquakes located near or far away, would swing and strike one of eight 

mobile arms (representing the eight directions), each with a crank and catch 

mechanism.   

The crank and a right angle lever would raise one of eight metal dragon 

heads located on the exterior, dislodging a metal ball from its mouth that 

dropped into the mouth of one of eight metal toads below arranged like the 

points on a compass rose, thus indicating the direction of the earthquake.  

The Book of the Later Han states that when the ball fell into any one of eight 

toad mouths, it produced a loud noise which gained the attention of those 

observing the device.   

While Wang Zhenduo (王振铎) accepted the idea that Zhang's seismometer 

had cranks and levers which were disturbed by the inverted pendulum, his 
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contemporary Akitsune Imamura (1870–1948) argued that the inverted 

pendulum could have had a pin at the top which, upon moving by force of 

the ground vibrations, would enter one of eight slots and expel the ball by 

pushing a slider.  Since the Book of the Later Han states that the other 

seven dragon heads would not subsequently release the balls lodged up into 

their jaws after the first one had dropped, Imamura asserted that the pin of 

the pendulum would have been locked into the slot it had entered and thus 

immobilized the instrument until it was reset.  

Mathematics and astronomy 
Mathematical treatises 

One of the earliest surviving mathematical treatises of ancient China is the 

Book on Numbers and Computation (Suan shu shu), part of the 

Zhangjiashan Han bamboo texts dated 202 to 186 B.C. and found in 

Jiangling County, Hubei. Another mathematical text compiled during the Han 

was The Arithmetical Classic of the Gnomon and the Circular Paths of 

Heaven (Zhoubi suanjing), dated no earlier than the 1st century B.C. (from 

perhaps multiple authors) and contained materials similar to those described 

by Yang Xiong in 15 B.C., yet the zhoubi school of mathematics was not 

explicitly mentioned until Cai Yong's (132–192 A.D.) commentary of 180 

A.D..   

A preface was added to the text by Zhao Shuang 趙爽 in the 3rd century 

A.D.. There was also the Nine Chapters on the Mathematical Art (Jiuzhang 

Suanshu); its full title was found on two bronze standard measurers dated 

179 A.D. (with speculation that its material existed in earlier books under 

different titles) and was provided with detailed commentary by Liu Hui (fl. 

3rd century A.D.) in 263 A.D..  

Innovations in the treatises 

The Suan shu shu presents basic mathematics problems and solutions. It 

was most likely a handbook for day-to-day business transactions or affairs of 

government administration.  It contains problems and solutions for field 

measurements of area, proportional exchange rates for agricultural millet 

and rice, distribution by proportion, short width division and deals with both  

excess and deficiency.   

Some of the problems found in the Suan shu shu appear in the later text 

Jiuzhang suanshu; in five cases, the titles are exact matches.  However, 

unlike the Jiuzhang suanshu, the Suan shu shu does not deal with problems 
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involving right-angle triangles, square roots, cube roots and matrix 

methods; which demonstrates the significant advancements made in 

Chinese mathematics between the writings of these two texts.  

The Zhoubi suanjing, written in dialogue form and with regularly presented 

problems, is concerned with the application of mathematics to astronomy. In 

one problem which sought to determine the height of the Sun from the Earth 

and the diameter of the Sun, Chen Zi (陳子) instructs Rong Fang (榮方) to 

wait until the shadow cast by the 8 chi tall gnomon is 6 chi (one chi during 

the Han was 33 cm), so that a 3-4-5 right-angle triangle can be constructed 

where the base is 60,000 li (one li during the Han was the equivalent of 415 

m or 1362 ft), the hypotenuse leading towards the sun is 100,000 li, and the 

height of the sun is 80,000 li.   

Like the Jiuzhang suanshu, the Zhoubi suanjing also gives mathematical 

proof for the "Gougu Theorem" (勾股定理; i.e. where c is the length of the 

hypotenuse and a and b are the lengths of the other two sides, respectively, 

a2 + b2 = c2), which is known as the Pythagorean theorem in the West after 

the Greek mathematician Pythagoras (fl. 6th century B.C.).  

The Jiuzhang suanshu was perhaps the most groundbreaking of the three 

surviving Han treatises. It is the first known book to feature negative 

numbers, along with the Bakhshali manuscript (200 – 600 A.D.) of India and 

the book of the Greek mathematician Diophantus (fl. 3rd century) written in 

about 275 A.D.. Negative numbers appeared as black counting rods, while 

positive numbers appeared as red counting rods.  Although the decimal 

system existed in China since the Shang Dynasty (c. 1600 – c. 1050 B.C.), 

the earliest evidence of a decimal fraction (i.e. the denominator is a power 

of ten) is an inscription on a standard volume-measuring vessel dated 5 A.D. 

and used by the mathematician and astronomer Liu Xin (46 B.C. – 23 A.D.).   

Yet the first book to feature decimal fractions was the Jiuzhang suanshu, as 

a means to solve equations and represent measurements. Gaussian 

elimination, an algorithm used to solve linear equations, was known as the 

Array Rule in the Jiuzhang suanshu.  While the book used continued 

fractions to find the roots of equations, Liu Hui built on this idea in the 3rd 

century when he increased the decimals to find the cube root of 1,860,867 

(yielding the answer 123), the same method used in the Horner scheme 

named after William George Horner (1786–1837).  
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Approximations of pi 

For centuries, the Chinese had simply approximated the value of pi as 3, 

until Liu Xin approximated it at 3.154 sometime between 1–5 A.D., although 

the method he used to reach this value is unknown to historians.   Standard 

measuring vessels dating to the reign of Wang Mang (9–23 A.D.) also 

showed approximations for pi at 3.1590, 3.1497 and 3.167.   Zhang Heng is 

the next known Han mathematician to have made an approximation for pi.  

Han mathematicians understood that the area of a square versus the area of 

its inscribed circle had a ratio of 4:3; and also understood that the volume of 

a cube and the volume of its inscribed sphere would be 42:32.  With D as 

diameter and V as volume, D3:V = 16:9 or V=9⁄16D
3, a formula Zhang found 

fault with since he realized the value for diameter was inaccurate; the 

discrepancy being the value taken for the ratio.    

To fix this, Zhang added 1⁄16D
3 to the formula, thus V = 9⁄16D

3 + 1⁄16D
3 = 

5⁄8D
3.  Since he found the ratio of the volume of the cube to the inscribed 

sphere at 8:5, the ratio of the area of a square to the inscribed circle is 

√8:√5.   With this formula, Zhang was able to approximate pi as the square 

root of 10; or 3.162.   After the Han, Liu Hui approximated pi as 3.14159, 

while the mathematician Zu Chongzhi (429–500 A.D.) approximated pi at 

3.141592 (or 355⁄113); the most accurate approximation the ancient Chinese 

would achieve.   Also, Yang Hui replicated  Pascal's triangle, as depicted by 

Zhu Shijie in 1303, using counting rods. 

Musical tuning and theory 

Mathematics were also used in musical tuning and music theory.  The 2nd-

century-B.C. Huainanzi, compiled by eight scholars under the patronage of 

King Liu An (179–122 B.C.), outlined the use of twelve tones on a musical 

scale. Jing Fang (78–37 B.C.), a mathematician and music theorist, 

expanded these to create a scale of 60 tones.  While doing so, Jing Fang 

realized that 53 just fifths is approximate to 31 octaves.   

By calculating the difference at 177147⁄176776, Jing reached the same value of 

53 equal temperament duly discovered by the German mathematician 

Nicholas Mercator (1620–1687 A.D.) (i.e. 353/284, known as Mercator's 

Comma).   Later, the prince Zhu Zaiyu (1536–1611 A.D.) in Ming China and 

Simon Stevin (1548–1620 A.D.) of the Flemish Region in Europe would 

simultaneously (but separately) discover the mathematical formula for equal 

temperament.  
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Astronomical observations 

The ancient Chinese made meticulous observations of heavenly bodies and 

phenomena since observations of the cosmos were used for astrology and 

prognostication. The Han-era Chinese observed and tracked the movements 

of Halley's comet in 12 B.C.. The astronomer Gan De (fl. 4th century B.C.) 

from the State of Qi was the first in history to acknowledge sunspots as 

genuine solar phenomena (and not obstructing natural satellites as thought 

in the West after Einhard's observation in 807 A.D.), while the first precisely 

dated sunspot observation in China occurred on May 10, 28 B.C. during the 

reign of Emperor Cheng of Han (r. 33–7 B.C.). 

Among the Mawangdui Silk Texts dated no later than 168 B.C. (when they 

were sealed in a tomb at Mawangdui, Changsha, Hunan province), the 

Miscellaneous Readings of Cosmic Patterns and Pneuma Images (Tianwen 

qixiang zazhan 天文氣象雜占) manuscript illustrates in writings and ink 

drawings roughly three-hundred different climatic and astronomical features 

including clouds, mirages, rainbows, stars, constellations and comets.  

Another silk text from the same site reports the times and locations of the 

rising and setting of planets in the night sky from the years 246–177 B.C..  

The Han-era Chinese noted the passage of the same comet seen in Persia 

for the birth of Mithridates II of Parthia in 135 B.C.; the same comet the 

Romans observed close to the time of the assassination of Julius Caesar in 

44 B.C., Halley‘s Comet in 12 B.C.; the same comet noted by Roman 

historian Cassius Dio (c. 155 – c. 229 A.D.) for 13 A.D., and (what is now 

known to have been) a supernova in 185 A.D.  For various comets discussed 

in the Han-era history books Records of the Grand Historian and Book of 

Han; details are given for their position in the sky and direction they were 

moving, the length of time they were visible, their color and their size. The 

Han-era Chinese also made star catalogues, such as historian Sima Qian's 

(145–86 B.C.) A Monograph on Celestial Officials (Tianguanshu 天官書) and 

Zhang Heng's 2nd-century-A.D. star catalogue which featured roughly 2,500 

stars and 124 constellations.   

To create a three dimensional representation of such observations, 

Astronomer Geng Shouchang (耿壽昌) provided his armillary sphere with an 

equatorial ring in 52 B.C..  By 84 A.D., the elliptical ring was added to the 

armillary sphere while Zhang Heng's model of 125 A.D. added the celestial 

horizon ring and meridian ring.  
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Han calendars 

Being conscious of time, the Han Dynasty Chinese believed in guardian 

spirits for the divisions of day and night, such as the ‗two guardians‘ 

representing 11 pm-1 am and 5-7 am.  The Han Chinese used astronomical 

studies mainly to construct and revise their calendar. In contrast to the 

Julian calendar (46 B.C.) and Gregorian calendar (1582 A.D.) of the West 

(but like the Hellenic calendars of Classical Greece), the Chinese calendar is 

a lunisolar calendar; meaning that it uses the precise movements of the Sun 

and Moon as time-markers throughout the year. 

In the 5th century B.C. during the Spring and Autumn Period, the Chinese 

established the Sifen calendar (古四分历), which measured the tropical year 

at 3651⁄4 days (like the Julian calendar of Rome).  Emperor Wu replaced this 

with the new Taichu calendar (太初历) in 104 B.C. which measured the 

tropical year at 365385⁄1539 days and the lunar month at 2943⁄81 days.   

Since the Taichu calendar had become inaccurate over two centuries, 

Emperor Zhang of Han (r. 75–88 A.D.) halted its use and revived use of the 

Sifen calendar.  Later, astronomer Guo Shoujing (1233–1316 A.D.) would 

set the tropical year at 365.2425 days for his Shoushi calendar (授時曆), the 

same value used in the Gregorian calendar.  Besides the use of the calendar 

for regulating agricultural practices throughout the seasons, it was also used 

to mark important dates in the sexagenary cycle—constructed by celestial 

stems (gan 干) and earthly branches (zhi 支), each of the latter associated 

with an animal of the Chinese zodiac.  

Astronomical theory 

Zhao Shaung's 3rd-century commentary in the Zhoubi suanjing describes 

two astronomical theories: in one, the heavens are shaped as a hemi-

spherical dome extending over the earth, while the other compares the earth 

to the central yolk of an egg, where the heavens are shaped as a celestial 

sphere around the earth.  The latter astronomical theory was mentioned by 

Yang Xiong in his Model Sayings (Fayan 法言) and expounded on by Zhang 

Heng in his Spiritual Constitution of the Universe (Lingxian 靈憲) of 120 A.D..   

Thus, the Han-era Chinese believed in a geocentric model for the immediate 

solar system and greater universe, as opposed to a heliocentric model. The 

Han-era Chinese discussed the illumination and shapes of heavenly bodies: 

were they flat and circular, or were they rounded and spherical?  Jing Fang 

wrote in the 1st century B.C. that Han astronomers believed the Sun, Moon 
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and planets were spherical like balls or crossbow slugs (i.e. ballistic 

projectiles).  He also wrote that the Moon and planets produce no light of 

their own, are viewable to people on Earth only because they are illuminated 

by the Sun, and those parts not illuminated by the Sun would be dark on the 

other side.  For this, Jing compared the Moon to a mirror illuminating light.  

In the 2nd century A.D., Zhang Heng drew a similar comparison to Jing's by 

stating that the Sun is like fire and the Moon and planets are like water, 

since fire produces light and water reflects it.  

He also repeated Jing's comment that the side of the moon not illuminated 

by the Sun was left in darkness.  However, Zhang noted that sunlight did not 

always reach the Moon since the Earth obstructs the rays during a lunar 

eclipse.  He also noted that a solar eclipse occurred when the Moon and Sun 

crossed paths to block sunlight from reaching earth.  

In his Balanced Discourse (Lunheng), Wang Chong (27–100 A.D.) wrote that 

some Han thinkers believed that rain fell from the Heavens (i.e. where the 

stars were located).  Wang argued that, although rain fell from above, this 

common theory was false.  He agreed with another theory that stated clouds 

were formed by the evaporation of water on earth, and, that since clouds 

disperse rain, clouds and rain are in fact one and the same. In essence, he 

accurately described the water cycle.  

Structural engineering and public works 
Materials and construction 

Timber was the chief building material in Han architecture.  It was used for 

grand palace halls, multi-story towers, multi-story residential halls and 

humble abodes. However, due to wood's rapid decay over time and 

susceptibility to fire, the oldest wooden buildings found in China (i.e. several 

temple halls of Mount Wutai) date no earlier than the Tang Dynasty (618–

907 A.D.).  Architectural historian Robert L. Thorp describes the scarcity of 

Han-era archaeological remains, as well as the often unreliable Han-era 

literary and artistic sources, used by historians for clues about non-existent 

Han architecture.  

What remains of Han-dynasty architecture are ruins of brick and rammed 

earth walls (including aboveground city walls and underground tomb walls), 

rammed earth platforms for terraced altars and halls, funerary stone or brick 

pillar-gates and scattered ceramic roof tiles that once adorned timber halls. 

Sections of the Han-era rammed earth Great Wall still exist in Gansu 
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province, along with the Han frontier ruins of thirty beacon towers and two 

fortified castles with crenellations.  Han walls of frontier towns and forts in 

Inner Mongolia were typically constructed with stamped clay bricks instead 

of rammed earth.  

Thatched or tiled roofs were supported by wooden pillars, since the addition 

of brick, rammed earth, or mud walls of these halls did not actually support 

the roof. Stone and plaster were also used for domestic architecture. Tiled 

eaves, projecting outward, were built to distance falling rainwater from the 

walls. They were supported by dougong brackets that were sometimes 

elaborately decorated. Molded designs usually decorated the ends of roof 

tiles; as seen in artistic models of buildings and in surviving tile pieces.  

Courtyard homes 

Valuable clues about Han architecture can be found in Han artwork of 

ceramic models, paintings and carved or stamped bricks discovered in tombs 

or other sites.  The layout of Han tombs were also built like underground 

houses; comparable to the scenes of courtyard houses found on tomb bricks 

and in three-dimensional models.  

Han homes had a courtyard area (and some had multiple courtyards) with 

halls that were slightly elevated above it and connected by stairways.  Multi-

story buildings included the main colonnaded residence halls built around the 

courtyards as well as watchtowers.  The halls were built with intersecting 

crossbeams and rafters that were usually carved with decorations.  

Stairways and walls were usually plastered over to produce a smooth surface 

and then painted.  

Chang'an and Luoyang: the Han capitals 

The ruins of the walls of Han's first capital Chang'an still stand today at 12 m 

(40 ft) in height with a base width of 12 to 16 m (40 to 53 ft).  Modern 

archaeological surveys have proven that the eastern wall was 6,000 m 

(19,685 ft) long, the southern wall was 7,600 m (24,934 ft) long, the 

western wall was 4,900 m (16,076 ft) long and the northern wall was 7,200 

(23,622 ft) long.  Overall the total length of walls equaled 25,700 m 

(84,318 ft) and formed a roughly square layout (although the southern and 

northern walls had sections which zigzagged due to topographical concerns: 

rough terrain existed along the southern wall and the course of the Wei 

River obstructed the straight path of the northern wall).  
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The city's moat was 8 m (26 ft) wide and 3 m (10 ft) deep; the remains of 

what were wooden bridges have been discovered along the moat.  Chang'an 

had twelve gatehouses leading into the city, three for each side of the wall, 

and acted as terminus points for the main avenues.  Every gatehouse had 

three gateway entrances that were each 6 m (20 ft) wide. Han-era writers 

claimed that each gateway could accommodate the traffic of four horse-

drawn carriages at once.  

The drainage system included many drain-holes that were dug under these 

gates and lined with bricks that form arches, where ceramic water pipes 

have been found that once connected to the ditches built alongside the 

major streets.  Only some wall sections and platform foundations of the 

city's once lavish imperial palaces remain.  Likewise, the stone foundations 

of the armory were also discovered, but its wooden architecture had long 

since disappeared.  

Some sections of the wall ruins of Han's second capital Luoyang still stand at 

10 m (32 ft) in height and 25 m (82 ft) in width at the base.  The eastern 

wall was 3,900 m (12,795 ft) long, the western wall was 3,400 m (11,155 ft) 

long, and the northern wall was 2,700 m (8,858 ft) long, yet the southern 

wall was washed away when the Luo River changed its course centuries ago; 

by using the terminus points of the eastern and western walls, historians 

estimate that the southern wall was 2,460 m (8,070 ft) long.  The overall 

walled enclosure formed a rectangular shape, yet with some disruptive 

curves due to topographical obstructions. Like Chang'an, Luoyang had 

twelve gatehouses, three for each side of the wall, while each gatehouse had 

three gateway entrances which led to major avenues within the city.   

The rammed earth foundational platforms of religious altars and terraces still 

stand today outside of the walled perimeter of Luoyang, dedicated to the 

worship of deities and where state sacrifices were conducted.  They were 

approached by long ramps and once had timber halls built on top with 

verandas on the lower levels.  Western-Han bronze door knockers have also 

been found in Han artwork; such as on ceramic models of gates leading to 

lower-level courtyards of multi-story towers & on underground stone tombs. 

Underground tombs 

By the 1980s, over ten thousand brick-and-stone underground Han tombs 

had been discovered throughout China.  Earlier Chinese tombs dating to the 

Warring States were often vertically dug pits lined with wooden walls.  In 
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digging the tomb sites, Han workers would first build vertical pits and then 

dig laterally, hence the name "horizontal pits" for Han tombs; this method 

was also used for tomb sites dug into the sides of mountains.   

The walls of most Western Han tombs were built of large hollow bricks while 

the smaller, non-hollow brick type that dominated Eastern Han tomb 

architecture (with some made out of stone) appeared in the late Western 

Han.  The smaller brick type was better-suited for Han tomb archways at 

entrances, vaulted chambers and domed roofs. Underground vaults and 

domes did not require buttress supports since they were held in place by 

earthen pits. Aboveground brick use in Han structures is unknown.   

The layout of tombs dug into the sides of mountains typically had a front 

chamber, side chambers, and a rear chambers designed to imitate a 

complex of aboveground halls.  The tomb of King Liu Sheng (d. 113 B.C.) in 

Hebei province not only had a front hall with window drapes and grave 

goods, carriages and horses in the southern separate side chamber, and 

storage goods in the northern side chamber, but also the remains of real 

timber houses with tiled roofs erected within (along with a house made of 

stone slabs and two stone doors in the rear chamber).  

Doors made completely out of stone were found in many Han tombs as well 

as tombs in later dynasties. A total of twenty-nine monumental brick or 

stone-carved pillar-gates (que) from the Han Dynasty have survived and can 

be found in the aboveground areas around Han tomb and shrine sites.  They 

often formed part of outer walls, usually flanking an entry but sometimes at 

the corners of walled enclosures.  Although they lacked wooden and ceramic 

components; they featured imitation roof tiles, eaves, porches and 

balustrades.  

Boreholes and mining shafts 

On Han tomb brick reliefs of Sichuan province, scenes of borehole drilling for 

mining projects are shown.  They show towering derricks lifting liquid brine 

through bamboo pipes to the surface so that the brine could be distilled in 

evaporation pans over the heat of furnaces and produce salt. The furnaces 

were heated by natural gas brought by bamboo pipes; yet gas brought up 

from 610 m (2,000 ft) below the surface could cause an explosion if it was 

not properly mixed with oxygen first, so the Han-era Chinese built 

underground carburetor chambers and siphoned some of the gas off with 

exhaust pipes.   

http://en.wikipedia.org/wiki/Liu_Sheng
http://en.wikipedia.org/wiki/Hebei
http://en.wikipedia.org/wiki/Qianling_Mausoleum
http://en.wikipedia.org/wiki/Qianling_Mausoleum
http://en.wikipedia.org/wiki/Que_(tower)
http://en.wikipedia.org/wiki/Baluster
http://en.wikipedia.org/wiki/Sichuan
http://en.wikipedia.org/wiki/Borehole
http://en.wikipedia.org/wiki/Carburetor


20-20 Hindsight 
 

 116 

The drill bit for digging boreholes was operated by a team of men jumping 

on and off a beam while the boring tool was rotated by a draft animal -- 

usually oxen or water buffaloes.  Han boreholes dug for collecting brine 

could reach hundreds of feet beneath the Earth's surface.  Mining shafts 

dating to the Han Dynasty have been found which reach depths of hundreds 

of feet beneath the earth; complete with spacious underground rooms 

structured by timber frames along with ladders and iron tools left behind.  

Ceramic model buildings 

There are Han-era literary references to tall towers found in the capital 

cities; they often served as watchtowers, astronomical observatories, and 

religious establishments meant to attract the favor of immortals.  The court 

eunuchs Zhao Zhong and Zhang Rang discouraged the aloof Emperor Ling of 

Han (r. 168–189 A.D.) from ascending to the top floors of tall towers 

(claiming it would cause bad luck), in order to conceal from him the 

enormous palatial mansions the eunuchs built for themselves in Luoyang.  It 

is not known for certain whether or not miniature ceramic models of 

residential towers and watchtowers found in Han-dynasty tombs are 

completely faithful representations of such timber towers; yet they reveal 

vital clues about lost timber architecture.  

There are only a handful of existing ceramic models of multi-story towers 

from pre-Han and Western Han eras; the bulk of the hundreds of towers 

found so far were made during the Eastern Han period.  Model towers could 

be fired as one piece in the kiln or assembled from several different ceramic 

pieces to create the whole.  No one tower is a duplicate of the other, yet 

they share common features.  They often had a walled courtyard at the 

bottom, a balcony with balustrades and windows for every floor, roof tiles 

capping and concealing the ceiling rafters, human figures peering out the 

windows or standing on the balconies, door knockers and pets such as dogs 

in the bottom courtyard. Perhaps the most direct pieces of evidence to 

suggest that miniature ceramic tower models are faithful representations of 

real-life Han timber towers are tile patterns.  Artistic patterns found on the 

circular tiles that cap the eave-ends on the miniature models are exact 

matches of patterns found on real-life Han roof tiles excavated at sites such 

as the royal palaces in Chang'an and Luoyang; and even the tiles of the 

original White Horse Temple.   

Besides towers, other ceramic models from the Han reveal a variety of 

building types. This includes multi-story storehouses such as granaries, 
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courtyard houses with multi-story halls, kiosks, walled gate towers, mills, 

manufactories and workshops, animal pens, out-houses and water wells.   

Even models of single-story farmhouses show a great amount of detail 

including: tiled roofs, courtyards, steps leading to walkways, farmyards with 

troughs or basins, parapets and privies. Models of granaries and storehouses 

had tiled rooftops, dougong brackets, windows and stilt supports raising 

them above ground level.  Han models of water wells sometimes feature tiny 

tiled roofs supported by beams that house the rope pulley used for lifting the 

bucket.   

Roads, bridges and canals 

In order to facilitate commerce and communication as well as speed the 

process of tax collection and movement of military troops, the Han 

government sponsored the building of new roads, bridges and canal 

waterways. These include repairs and renovation work on the Dujiangyan 

Irrigation System of Sichuan and Zhengguo Canal of Shaanxi; both of which 

were built by the previous State of Qin.   

Accepting the proposal of Er Kuan (兒寬), in 111 B.C. Emperor Wu 

commissioned Er to lead the project of creating extensions to the Zhengguo 

Canal that could irrigate nearby terrain elevated above the main canal.  

Since a large amount of silt had built up over time at the bottom of the 

Zhengguo Canal (causing flooding), in 95 B.C. another project was initiated 

to tap irrigation waters from further up the Jing River, requiring the dredging 

of a new 100 km (62 mi) long canal following a contour line above the 

Zhengguo.  

Roadways, wooden bridges, postal stations, and relay stations were 

occasionally repaired, while many new facilities such as these were 

established.  As written by Han authors, roads built during the Han were 

tamped down with metal rammers, yet there is uncertainty over the 

materials used; Joseph Needham speculated that they were rubble and 

gravel.  The widths of roads ranged from narrow footpaths where only a 

single horse or oxen could pass at once to large highways that could 

accommodate the simultaneous passage of nine horse-drawn chariots 

abreast.    

Fortified Han roadways were built as far west as Shanshan (Loulan) near the 

Lop Desert, while Han forces utilized routes that traversed north of the 

Taklamakan Desert towards Kashgar.  A vast network of roads, fortified 
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passes, and wooden bridges built over rushing torrents in steep gorges of 

the Qin Mountains was consolidated during the Han, known as the gallery 

roads.  During the reign of Emperor Wu, roads were built to connect newly 

conquered territories in what is now Yunnan in the far southwest as well as 

the Korean Peninsula in the far northeast.  

One of the most common bridge-types built during the Han was the wooden-

trestle beam bridge, described by literary sources and seen in reliefs carved 

on tomb bricks.  Evidence for arch bridges is elusive: one outside of 

Chengdu's south gate is claimed to date to the Han period, while that built 

by Ma Xian (馬賢) (fl. 135 A.D.) was certainly a beam bridge.  In artwork, a 

relief sculpture from a Han tomb in Sichuan province shows an arch bridge 

with a gradual curve, suggesting that it is segmental, although the use of 

such bridges are not entirely confirmed.  

Although there are rare references to simple suspension bridges in Han 

sources, these are only mentioned in connection with travels to foreign 

countries in the Himalalya, Hindukush and Afghanistan; demonstrating the 

antiquity of the invention there.  Floating pontoon bridges made of boats 

secured by iron chains were built during the Han (some even spanning the 

Yellow and Yangzi Rivers) and were most often employed for military 

purposes since they could be easily assembled and then disassembled.  

Medicine 
The Mawangdui Silk Texts, found in a 2nd-century-B.C. tomb at Mawangdui, 

Changsha, Hunan province, provide information not only on astronomy and 

mythology, but also on Han-era medicine.  Much of the beliefs held by Han-

era physicians are known to modern historians through such texts as the 

Yellow Emperor's Inner Canon (Huangdi neijing) medical corpus, which was 

compiled from the 3rd to 2nd century B.C. and was mentioned in the Book of 

Later Han.  It is clear from this text and others that their metaphysical 

beliefs in the five phases and yin and yang dictated their medical decisions 

and assumptions. The Han-era Chinese believed that each organ in the body 

was associated with one of the five phases (metal 金, wood 木, water 水, fire 

火, earth 土) and had two circulatory qi channels (任督二脉). If these channels 

were disrupted, Han medical texts suggest that one should consume an 

edible material associated with one of these phases that would counteract 

the organ's prescribed phase and thus restore one's health.  For example, 

the Chinese believed that when the heart—associated with the fire phase—

caused one to become sluggish, then one should eat sour food because it 
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was associated with the wood phase (which promoted fire).  The Han 

Chinese also believed that by using pulse diagnosis, a physician could 

determine which organ of the body emitted "vital energy" (qi) and what 

qualities the latter had, in order to figure out the exact disorder the patient 

was suffering.  

Despite the influence of metaphysical theory on medicine, Han texts also 

give practical advice, such as the proper way to perform clinical lancing to 

remove an abscess. The Huangdi neijing noted the symptoms and reactions 

of people with various diseases of the liver, heart, spleen, lung, or kidneys in 

a 24-hour period (which was a recognition of circadian rhythm); although 

explained in terms of the five phases.   

In his Essential Medical Treasures of the Golden Chamber (Jinkui yaolue), 

Zhang Zhongjing (c. 150 – c. 219 A.D.) was the first to suggest a regulated 

diet rich in certain vitamins could prevent different types of disease; an idea 

which led Hu Sihui (fl. 1314–1330 A.D.) to prescribe a diet rich in Viamin B1 

as a treatment for beriberi.  Zhang's major work was the Treatise on Cold 

Injury and Miscellaneous Disorders (Shanghan zabing lun). His 

contemporary and alleged associate Hua Tuo (d. 208 A.D.) was a physician 

who had studied the Huangdi neijing and became knowledgeable in Chinese 

herbology. Hua Tuo used anesthesia on patients during surgery and created 

an ointment that was meant to fully heal surgery wounds within a month.  In 

one diagnosis of an ill woman he deciphered that she bore a dead fetus 

within her womb which he then removed; curing her of her ailments.   

Historical sources say that Hua Tuo rarely practiced moxibustion and 

acupuncture. The first mentioning of acupuncture in Chinese literature 

appeared in the Huangdi neijing.  Acupuncture needles made of gold were 

found in the tomb of the Han King Liu Sheng (d. 113 B.C.).  Some stone-

carved depictions of acupuncture date to the Eastern Han Era (25–220 

A.D.).   

Hua Tuo also wrote about the allegedly life-prolonging exercises of 

calisthenics.  In the 2nd-century-B.C. medical texts excavated from the 

tombs of Mawangdui, illustrated diagrams of callisthenic positions are 

accompanied by descriptive titles and captions.  Vivienne Lo writes that the 

modern physical exercises of taijiquan and qigong are derived from Han-era 

calisthenics.  
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Cartography 
Map-making in China preceded the Han Dynasty.  Since two 4th-century-

B.C. silk maps from the State of Qin (found in Gansu, displaying the region 

about the Jialing River) show the measured distance between timber-

gathering sites, Mei-ling Hsu argues that these are to be considered the first 

known economic maps (as they predate the maps of the Roman geographer 

Strabo, c. 64 B.C. – 24 A.D.).  Maps from the Han period have also been 

uncovered by modern archaeologists, such as those found with 2nd-century 

B.C. silk texts at Mawangdui.   In contrast to the Qin maps, the Han maps 

found at Mawangdui employ a more diverse use of map symbols, cover a 

larger terrain and display information on local populations and even pinpoint 

locations of military camps.  One of the maps discovered at Mawangdui 

shows positions of Han military garrisons which were to attack Nanyue in 

181 B.C..  An early Western-Han silk map found in tomb 3 of Mawangdui 

depicted the Kingdom of Changsha and Kingdom of Nanyue in southern 

China. 

In Chinese literature, the oldest reference to a map comes from the year 

227 B.C., when the assassin Jing Ke was to present a map to Ying Zheng 

嬴政, King of Qin (ruling later as Qin Shi Huang, r. 221–210 B.C.) on behalf 

of Crown Prince Dan of Yan.  Instead of presenting the map, he pulled out a 

dagger from his scroll, yet was unable to kill Ying Zheng.  The Rites of Zhou 

(Zhouli), compiled during the Han and commented by Liu Xin in the 1st 

century A.D., mentioned the use of maps for governmental provinces and 

districts, principalities, frontier boundaries and locations of ores and minerals 

for mining facilities.  The first Chinese gazetteer was written in 52 A.D. and 

included information on territorial divisions, the founding of cities and local 

products or customs.  Pei Xiu (224–271 A.D.) was the first to describe in 

detail the use of a graduated scale and geometrically plotted reference grid. 

However, historians Howard Nelson, Robert Temple and Rafe de Crespigny 

argue that there is enough literary evidence that Zhang Heng's now lost 

work of 116 A.D. established the geometric reference grid in Chinese 

cartography (including a line from the Book of Later Han: "Zhang Heng cast 

a network of coordinates about heaven and earth; and reckoned on the basis 

of it").  Although there is speculation fueled by the report in Sima's Records 

of the Grand Historian that a gigantic raised-relief map representing the Qin 

Empire is located within the tomb of Qin Shi Huang, it is known that small 

raised-relief maps were created during the Han Dynasty; such as one made 

out of rice by the military officer Ma Yuan (14 B.C. – 49 A.D.).  
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Nautical vessels & terrestrial vehicles  
In 1975, an ancient shipyard discovered in Guangzhou is now dated to the 

late 3rd century B.C., made during either the Qin Dynasty (221–206 B.C.) or 

early Western Han Dynasty.  It had three large platforms capable of building 

wooden ships that were 30 m (98 ft) long by 8 m (26 ft) wide and had a 

weight capacity of 60 metric tons.  Another Han shipyard in what is now 

Anhui province had a government-operated maritime workshop where 

battleships were assembled.  The widespread use of iron tools during the 

Han Dynasty was essential for crafting such vessels.  In 111 B.C., Emperor 

Wu conquered the Kingdom of Nanyue in what is now modern northern 

Vietnam and Guangdong, Guangxi, Yunnan; thereafter he opened up 

maritime trade to both Southeast Asia and the Indian Ocean; as foreign 

merchants brought lapis lazuli, pearls, jade and glass-wares to the Han 

Empire from this southern sea route.   

When a group of travelers from the Roman Empire (allegedly diplomats of 

Marcus Aurelius but most likely Roman merchants) came to the Han court in 

166 A.D., they allegedly came from this southern trade route.  By at least 

the 1st century A.D. — as proven by Eastern Han ceramic miniature models 

of ships found in various tombs — the Chinese would have been able to 

brave distant waters with the new steering invention of the stern-mounted 

rudder.  

This came to replace the less efficient steering oar.  While ancient China was 

home to various ship designs, including the layered and fortified tower ship 

meant for calm waters of lakes and river, the junk design (jun 船) created by 

the 1st century A.D. was China's first seaworthy sailing ship.  The typical 

junk has a square-ended bow and stern, a flat-bottomed or carvel-shaped 

hull with no keel or sternpost and solid transverse bulkheads in the place of 

structural ribs found in Western sea craft.   

Since the Chinese junk lacked a sternpost, the rudder was attached to the 

back of the ship by use of either socket-and-jaw or block-and-tackle (which 

differed from the later European pintle and gudgeon design of the 12th 

century).  As written by a 3rd century author, junks had fore-and-aft rigs 

with lug sails. Although horse and ox-drawn carts and spoke-wheeled 

chariots had existed in China long before the Han Dynasty, it was not until 

the 1st century B.C. that literary evidence pointed to the invention of the 

wheelbarrow, while painted murals on Han tomb walls of the 2nd century 

A.D. show the wheelbarrow in use for hauling goods.  While the 'throat-and-
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girth' harness was still in use throughout much of the ancient world (placing 

an excessive amount of pressure on horses' necks), the Chinese were 

placing a wooden yoke across their horses' chests with traces to the chariot 

shaft by the 4th century B.C. in the State of Chu (as seen on a Chu 

lacquerware). By the Han Dynasty, the Chinese replaced this heavy yoke 

with a softer breast strap, as seen in Han stamped bricks and carved tomb 

reliefs.  In the final stage of evolution, the modern horse collar was invented 

in China by the 5th century A.D., during the Northern Wei period.  

Weaponry and war machines 
The pivot catapult, known also as the traction trebuchet, had existed in 

China since the Warring States Period (as evidenced by the Mozi).  It was 

regularly used in sieges during the Han Dynasty, by both besiegers and the 

besieged.  The most common projectile weapon used during the Han 

Dynasty was the small handheld, trigger-activated crossbow (and to a lesser 

extent, the repeating crossbow); first invented in China during the 6th or 5th 

century B.C..  Although the nomadic Xiongnu were able to twist their waists 

slightly while horse-riding and shoot arrows at targets behind them, the 

official Chao Cuo (d. 154 B.C.) deemed the Chinese crossbow superior to the 

Xiongnu bow. The Han Chinese also employed chemical warfare. In quelling 

a peasant revolt near Guiyang in 178 A.D., the imperial Han forces had 

horse-drawn chariots carrying bellows that were used to pump powdered 

lime (i.e. calcium oxide) at the rebels, who were dispersed.   

In this same instance, they also lit incendiary rags tied to the tails of horses, 

so that the frightened horses would rush through the enemy lines and 

disrupt their formations. To deter pursuits of marching infantry or riding 

cavalry, the Han Chinese made caltrops (barbed iron balls with sharp spikes 

sticking out in all directions) that could be scattered on the ground and 

pierce the feet or hooves of those who were unaware of them.  

China's scientific revolution(s) 

In summary, among the engineering accomplishments of early China were 

matches, dry docks, the double-action piston pump, cast iron, the iron 

plough, the horse collar, the multi-tube seed drill, the wheelbarrow, the 

suspension bridge, the parachute, Natural gas as fuel, the raised relief map, 

the propeller, the sluice gate and the pound lock.  The Tang Dynasty (618 - 

906 A.D.) in particular was a time of great technical innovation.  In the 7th 

century, book-printing was developed in China, Korea and Japan using 

delicate hand-carved wooden blocks to print individual pages. The 9th 
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century Diamond Sutra is the earliest known printed document.  Movable 

type was also used in China for a time, but was abandoned because of the 

number of characters needed; it would not be until Johannes Gutenberg that 

the technique was reinvented in a suitable alphabetical character 

environment.  

In addition to gunpowder, the Chinese also developed improved delivery 

systems for the Byzantine weapon of Greek fire that Meng Huo You and Pen 

Huo Qi first used in China c. 900 A.D..  Chinese illustrations were more 

realistic than in Byzantine manuscripts; and detailed accounts from 1044 

A.D. (recommending its use on city walls and ramparts) show the brass 

container as fitted with a horizontal pump with a nozzle of small diameter.   

The records of a battle on the Yangtze near Nanjing in 975 A.D. offer an 

insight into the dangers of the weapon; as a change of wind direction blew 

the fire back onto the Song forces.  
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IV 

 

In the previous chapter we reviewed some examples of invention and 

innovation in China while ascribing certain time periods to them. Here, the 

intention is to distil the historical contextual environment that fostered these 

breakthroughs. One theory (Stettler; 2009) suggests that for progress to 

occur, the climate must provide a minimum three things: authority, 

advocacy and resources.  

Such a framework is not unlike the premise as part of introductory wood 

shop classes; the instructor often directs the students to fabricate a three-

legged stool as a project. The rationale is that in three legs, it only has to be 

approximately correct to be functional. With four legs, the specifications 

must be replicated precisely to manufacture a useful end item. Two legs 

obviously does not work at all while a one-legged stool just is plain 

uncomfortable and not sustainable in the long-run. Therefore, we now 

undertake a journey aimed at correlating innovation environments 

throughout China‘s pertinent history.  

Song Dynasty 

The Song Dynasty (960-1279 A.D.) brought a new stability for China after a 

century of civil war while starting a new area of modernization by 

encouraging civil service examinations and meritocracy. The first Song 

Emperor created political institutions that allowed a great deal of freedom of 

discourse and thought, which facilitated the growth of scientific advance, 

economic reforms and achievements in arts and literature.  Trade flourished 

both within China and overseas, and the encouragement of technology 

allowed the mints at Kaifeng and Hangzhou to gradually increase in 

production.  In 1080, the mints of Emperor Shenzong had produced 5 billion 

coins (roughly 50 per Chinese citizen) and the first banknotes were produced 

in 1023.  These coins were so durable that they would still be in use 700 

years later, in the 18th century.  

There were many famous inventors and early scientists in the Song Dynasty 

period. The statesman Shen Kuo is best known for his book known as the 

Dream Pool Essays (1088 A.D.). In it, he wrote of use for a dry-dock to 
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repair boats, the navigational magnetic compass, and the discovery of the 

concept of true north (with magnetic declination towards the North Pole).  

Shen Kuo also devised a geological theory for land formation, or 

geomorphology, and theorized that there was climate change in geological 

regions over an enormous span of time. The equally talented statesman Su 

Song was best known for his engineering project of the Astronomical Clock 

Tower of Kaifeng, by 1088 A.D.. The clock tower was driven by a rotating 

waterwheel and escapement mechanism.  Crowning the top of the clock 

tower was the large bronze, mechanically-driven, rotating armillary sphere.   

In 1070, Su Song also compiled the Ben Cao Tu Jing (Illustrated 

Pharmacopoeia, original source material from 1058–1061 A.D.) with a team 

of scholars. This pharmaceutical treatise covered a wide range of other 

related subjects including: botany, zoology, mineralogy and metallurgy. 

Chinese astronomers were the first to record observations of a supernova, 

the first being the SN 185, recorded during the Han Dynasty.  Chinese 

astronomers made two more notable supernova observations during the 

Song Dynasty: the SN 1006, the brightest recorded supernova in history; 

and the SN 1054, making the Crab Nebula the first astronomical object 

recognized as being connected to a supernova explosion.  

Archaeology 

During the early half of the Song Dynasty, the study of archeology 

developed out of the antiquarian interests of the educated gentry and their 

desire to revive the use of ancient vessels in state rituals and ceremonies.  

This and the belief that ancient vessels were products of 'sages' and not 

common people was criticized by Shen Kuo, who took an interdisciplinary 

approach to archaeology; incorporating his archaeological findings into 

studies on metallurgy, optics, astronomy, geometry and ancient music 

measures. His contemporary Ouyang Xiu (1007–1072) compiled an 

analytical catalogue of ancient rubbings on stone and bronze; which 

pioneered ideas in early epigraphy and archaeology.  

In accordance with the beliefs of the later Leopold von Ranke (1795–1886), 

some Song gentry—such as Zhao Mingcheng (1081–1129)—supported the 

primacy of contemporaneous archaeological finds of ancient inscriptions over 

historical works written after the fact, which they contested to be unreliable 

in regard to the former evidence.  Hong Mai (1123–1202) used ancient Han 

Dynasty era vessels to debunk what he found to be fallacious descriptions of 
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Han vessels in the Bogutu archaeological catalogue compiled during the 

latter half of Huizong's reign (1100–1125).  

Geology and climatology 

In addition to his studies in meteorology, astronomy, and archaeology 

mentioned above, Shen Kuo also made hypotheses in regards to geology 

and climatology in his Dream Pool Essays of 1088; specifically his claims 

regarding geomorphology and climate change.   

Shen believed that land was reshaped over time due to perpetual erosion, 

uplift and deposition of silt; citing his observance of horizontal strata of 

fossils embedded in a cliffside at Taihang as evidence that the area was once 

the location of an ancient seashore that had shifted hundreds of miles east 

over an enormous span of time. Shen also wrote that: since petrified 

bamboos were found underground in a dry northern climate zone where they 

had never been known to grow, climates naturally shifted geographically 

over time.  

Mongol transmission 

Mongol rule under the Yuan Dynasty saw technological advances from an 

economic perspective, with the first mass production of paper banknotes by 

Kublai Khan in the 13th century.  Numerous contacts between Europe and 

the Mongols occurred in the 13th century, particularly through the unstable 

Franco-Mongol alliance.  Chinese corps, expert in siege warfare, formed an 

integral part of the Mongol armies campaigning in the West.   

In 1259-1260 military alliance of the Frankish knights of the ruler of Antioch, 

Bohemond VI and his father-in-law Hetoum I with the Mongols under 

Hulagu, in which they fought together for the conquests of Muslim Syria, 

taking together the city of  Aleppo and later Damascus. William of Rubruck, 

an ambassador to the Mongols in 1254-1255, a personal friend of Roger 

Bacon, is also often designated as a possible intermediary in the 

transmission of gunpowder know-how between the East and the West.  The 

compass is often said to have been introduced by the Master of the Knights 

Templar Pierre de Montaigu between 1219 to 1223 during one of his travels 

to visit the Mongols in Persia.  

Chinese and Arabic astronomy intermingled under the Mongols. Muslim 

astronomers worked in the Chinese Astronomical Bureau established by 

Kublai Khan, while some Chinese astronomers also worked at the Persian 

Maragha observatory.  Before this, in ancient times, Indian astronomers had 
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lent their expertise to the Chinese court. These are explicit very early 

examples of bilateral cooperative science and technology transfer as well as 

nationalized R&D efforts. 

Theory and hypothesis 

Pre-modern Chinese science developed precariously without solid scientific 

theory, while there was a lacking of consistent systemic treatment in 

comparison to contemporaneous European works such as the Concordance 

and Discordant Canons by Gratian of Bologna (fl. 12th century).  This 

drawback to Chinese science was lamented even by the mathematician Yang 

Hui (1238–1298); who criticized earlier mathematicians such as Li Chunfeng 

(602–670) whom, in turn, were content with using methods without working 

out their theoretical origins or principle, stating: 

“The men of old changed the name of their methods 

from problem to problem, so that as no specific 

explanation was given.  There is no way of telling their 

theoretical origin or basis.” 24   

Despite this, Chinese thinkers of the Middle Ages proposed some hypotheses 

which are in accordance with modern principles of science.  Yang Hui 

provided theoretical proof for the proposition that the complements of the 

parallelograms; which are about the diameter of any given parallelogram are 

equal to one another.  Sun Sikong (1015–1076) proposed the idea that 

rainbows were the result of the contact between sunlight and moisture in the 

air, while Shen Kuo (1031–1095) expanded upon this with description of 

atmospheric refraction.   

Shen believed that rays of sunlight refracted before reaching the surface of 

the earth; hence, the appearance of the observed sun from earth did not 

match its exact location. Coinciding with the astronomical work of his 

colleague Wei Pu, Shen and Wei realized that the old calculation technique 

for the mean sun was inaccurate compared to the apparent sun, since the 

latter was ahead of it in the accelerated phase of motion and behind it in the 

retarded phase.  

Shen supported and expanded upon beliefs earlier proposed by Han Dynasty 

(202 B.C.–202 A.D.) scholars such as Jing Fang (78–37 B.C.) and Zhang 

Heng (78–139 A.D.) that lunar eclipses occur when the earth obstructs the 

                                                 
24 Joseph Needham; Science and Civilization in China: Volume 3, Mathematics and the Sciences of the Heavens  
      and the Earth (Taipei: Caves Books, Ltd., 1986) 
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sunlight traveling towards the moon; a solar eclipse is the moon's 

obstruction of sunlight reaching earth; the moon is spherical like a ball and 

not flat like a disc; and moonlight is merely sunlight reflected from the 

moon's surface. Shen also explained that the observance of a full moon 

occurred when the sun's light was slanting at a certain degree and that 

crescent phases of the moon proved that the moon was spherical by using a 

metaphor of observing different angles of a silver ball with white powder 

thrown onto one side. It should be noted that, although the Chinese 

accepted the idea of spherical-shaped heavenly bodies, the concept of a 

spherical earth (as opposed to a flat earth) was not, however, accepted in 

Chinese thought until the works of Italian Jesuit Matteo Ricci (1552–1610) 

and Chinese astronomer Xu Guangqi (1562–1633) in the early 17th century.  

Pharmacology 

There were noted advances in Traditional Chinese medicine during the 

Middle Ages. Emperor Gaozong (r. 649–683) of the Tang Dynasty (618–907) 

commissioned the scholarly compilation of a materia medica in 657 that 

documented 833 medicinal substances taken from stones, minerals, metals, 

plants, herbs, animals, vegetables, fruits and cereal crops.  In his Bencao 

Tujing ('Illustrated Pharmacopoeia'), the scholar-official Su Song (1020–

1101) not only systematically categorized herbs and minerals according to 

their pharmaceutical uses, but he also took an interest in zoology.  For 

example, Su made systematic descriptions of animal species and the 

environmental regions they could be found such as: the freshwater crab 

Eriocher sinensis found in the Huai River running through Anhui, in 

waterways near the capital city, as well as reservoirs and marshes of Hebei.  

Muhammad ibn Zakariya al-Razi in 896, mentions the popular introduction of 

various Chinese herbs and aloes in Baghdad. 

Horology and clockworks 

Although the Bencao Tujing was an important pharmaceutical work of the 

age, Su Song is perhaps better known for his work in horology. His book 

Xinyi Xiangfayao (新儀象法要; lit. 'Essentials of a New Method for Mechanizing 

the Rotation of an Armillary Sphere and a Celestial Globe') documented the 

intricate mechanics of his astronomical clock tower in Kaifeng.  This included 

the use of an escapement mechanism and world's first known chain drive to 

power the rotating armillary sphere crowning the top as well as the 133 

clock jack figurines positioned on a rotating wheel that sounded the hours by 

banging drums, clashing gongs, striking bells and holding plaques with 

special announcements appearing from open-and-close shutter windows.   
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While it had been Zhang Heng who applied the first motive power to the 

armillary sphere via hydraulics in 125 A.D., it was Yi Xing (683–727) in 725 

A.D. who first applied an escapement mechanism to a water-powered 

celestial globe and striking clock.  The early Song Dynasty horologist Zhang 

Sixun (fl. late 10th century) employed liquid mercury in his astronomical 

clock because there were complaints that water would freeze too easily in 

the clepsydra tanks during winter.  Al-Jazari (1136–1206) a Muslim engineer 

and inventor of various clocks including the Elephant clock wrote: ―The 

elephant represents Indian and African cultures, the two dragons represent 

Chinese culture, the phoenix represents Persian culture, the water work 

represents ancient Greek culture and the turban represents Islamic culture‖. 

Magnetism and metallurgy 

Shen Kuo's written work of 1088 also contains the first written description of 

the magnetic needle compass, the first description in China of experiments 

with camera obscura, the invention of movable type printing by the artisan 

Bi Sheng (990–1051), a method of repeated forging of cast iron under a cold 

blast similar to the modern Bessemer process, and the mathematical basis 

for spherical trigonometry that would later be mastered by the astronomer 

and engineer Guo Shoujing (1231–1316). While using a sighting tube of 

improved width to correct the position of the polestar (which had shifted 

over the centuries), Shen discovered the concept of true north and magnetic 

declination towards the North Magnetic Pole; a concept which would aid 

navigators in the years to come.  

In addition to the method similar to the Bessemer process mentioned above, 

there were other notable advancements in Chinese metallurgy during the 

Middle Ages. During the 11th century, the growth of the iron industry caused 

vast deforestation due to the use of charcoal in the smelting process. To 

remedy the problem of deforestation, the Song Chinese discovered how to 

produce coke from bituminous coal as a substitute for charcoal.  Although 

hydraulic-powered bellows for heating the blast furnace had been written of 

since Du Shi's (d. 38) invention of the 1st century A.D.; the first known 

drawn and printed illustration of it in operation is found in a book written in 

1313 by Wang Zhen (fl. 1290–1333).  

Mathematics 

Qin Jiushao (c. 1202–1261) was the first to introduce the zero symbol into 

Chinese mathematics. Before this innovation, blank spaces were used 

instead of zeros in the system of counting rods. Pascal's triangle was first 
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illustrated in China by Yang Hui in his book Xiangjie Jiuzhang Suanfa 

(详解九章算法), although it was described earlier around 1100 by Jia Xian.  

Although the Introduction to Computational Studies (算学启蒙) written by 

Zhu Shijie (fl. 13th century) in 1299 contained nothing new in Chinese 

algebra, it had a great impact on the development of Japanese mathematics.  

Alchemy and Taoism  

In their pursuit for an elixir of life and desire to create gold from various 

mixtures of materials, Taoists became heavily associated with alchemy. 

Needham labeled their pursuits as proto-scientific rather than merely 

pseudoscience.  Fairbank and Goldman write that the futile experiments of 

Chinese alchemists did lead to the discovery of new metal alloys, porcelain 

types and dyes.  However, Nathan Sivin discounts such a close connection 

between Taoism and alchemy, which some sinologists have asserted -- 

stating that alchemy was more prevalent in the secular sphere and practiced 

by laymen.  

Experimentation with various materials and ingredients in China during the 

middle period led to the discovery of many ointments, creams, and other 

mixtures with practical uses.  In a 9th century Arab work Kitāb al-Khawāss 

al Kabīr, there are numerous products listed that were native to China, 

including waterproof and dust-repelling cream or varnish for clothes and 

weapons, a Chinese lacquer, varnish, or cream that protected leather items, 

a completely fire-proof cement for glass and porcelain, recipes for Chinese 

and Indian ink, a waterproof cream for the silk garments of underwater 

divers and a cream specifically used for polishing mirrors.  

Gunpowder warfare 

The significant change that distinguished Medieval warfare to early Modern 

warfare was the use of gunpowder weaponry in battle. A 10th century silken 

banner from Dunhuang portrays the first artistic depiction of a fire lance -- a 

prototype of the gun.  The Wujing Zongyao military manuscript of 1044 

listed the first known written formulas for gunpowder, meant for light-weight 

bombs lobbed from catapults or thrown down from defenders behind city 

walls. By the 13th century, the iron-cased bomb shell, hand cannon, land 

mine, and rocket were developed.  As evidenced by the Huolongjing of Jiao 

Yu and Liu Ji, by the 14th century the Chinese had developed the heavy 

cannon, hollow / gunpowder-packed exploding cannonballs, the two-stage 

rocket with a booster rocket, the naval mine and wheel lock mechanism to 

ignite trains of fuses.  
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Science and technology of the Song Dynasty 

The Song Dynasty provided some of the most significant technological 

advances in Chinese history; many of which came from talented statesmen 

drafted by the government through imperial examinations. The ingenuity of 

advanced mechanical engineering had a long tradition in China.  The Song 

Dynasty engineer Su Song admitted that he and his contemporaries were 

building upon the achievements of the ancients such as Zhang Heng (78–

139), an astronomer, inventor and early master of mechanical gears.  The 

application of moveable type printing advanced the already widespread use 

of woodblock printing to educate and amuse Confucian students and the 

masses. The application of new weapons employing the use of gunpowder  

enabled the Song Dynasty to ward off its militant enemies—the Liao, 

Western Xia and Jin with weapons such as cannons—until its collapse to the 

Mongol forces of Kublai Khan in the late 13th century. Notable advances in 

civil engineering, nautics and metallurgy were made in Song China, as well 

as the introduction of the windmill to China during the thirteenth century. 

These advances, along with the introduction of paper-printed money, helped 

revolutionize and sustain the economy of the Song Dynasty. 

Polymaths and mechanical engineering 

Polymaths 

Polymath personalities – that is, people knowledgeable across an 

encyclopedic range of topics – such as Shen Kuo (1031–1095) and Su Song 

(1020–1101) embodied the spirit of early empirical science and technology 

in the age of the Song Dynasty.  Shen is famous for discovering the concept 

of true north and magnetic declination towards the North Pole by calculating 

a more accurate measurement of the astronomical meridian; and fixed the 

calculated position of the pole star that had shifted over the centuries. This 

allowed sailors to navigate the seas more accurately with the magnetic 

needle compass -- also first described by Shen.  

Shen was made famous for his written description of Bi Sheng, the inventor 

of movable type printing.  Shen was also interested in geology; as he 

formulated a theory of geomorphology and climate change over time after 

making observations of strange natural phenomena.  Using contemporary 

knowledge of solar and lunar eclipses , he theorized that the sun and moon 

were spherical in shape, not flat, while expanding upon the reasoning of 

earlier Chinese astronomical theorists.  Along with his colleague Wei Pu in 

the Bureau of Astronomy, Shen used cosmological hypotheses when 
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describing the variations of planetary motion, including retrogradation. One 

of Shen's greatest achievements, aided by Wei Pu, was correcting the lunar 

error by diligently recording and plotting the moon's orbital path three times 

a night over a period of five years. Unfortunately Shen had many political 

rivals at court who were determined to sabotage his work.  

The court fully accepted their corrections to lunar and solar error, but only 

partially adopted Shen and Wei's corrected plotting of the planetary orbital 

paths and various speeds.  Su Song, one of Shen Kuo's political rivals at 

court, wrote a famous pharmaceutical treatise in 1070 known as the Bencao 

Tujing, which included related subjects on botany, zoology, metallurgy and 

mineralogy. This treatise included many medicinal applications including: the 

use of ephedrine as a pharmaceutical drug.  He also was the author of a 

large celestial atlas of five different star maps; and his extensive written and 

illustrative work in cartography helped solve a heated border dispute 

between the Song Dynasty and its Khitan neighbor of the Liao Dynasty.  

However, Su was most famous for his hydraulic-powered astronomical clock 

tower, crowned with a mechanically driven armillary sphere; which was 

erected in the capital city of Kaifeng in the year 1088.  Su's clock tower 

employed the escapement mechanism two centuries before it was applied 

in clocks of Europe.  Su's clock tower also featured the earliest known 

endless power-transmitting chain drive in the world, as outlined in his 

horological treatise of 1092. The cases of these two men display the 

eagerness of the Song in drafting highly skilled officials who were 

knowledgeable in the various sciences which could ultimately benefit the 

administration, the military, the economy and the people.  

Intellectual men of letters like the versatile Shen Kuo dabbled in subjects as 

diverse as mathematics, geography, geology, economics, engineering, 

medicine, art criticism, archaeology, military strategy and diplomacy (among 

others).  On a court mission to inspect a frontier region, Shen Kuo once 

made a raised-relief map of wood and glue-soaked sawdust to show the 

mountains, roads, rivers and passes to other officials.   

He once computed the total number of possible situations on a game board, 

another time the longest possible military campaign given the limits of 

human carriers who would bring their own food and food for other soldiers.  

Shen Kuo is also noted for improving the designs of the inflow clepsydra 

clock for a more efficient higher-order interpolation, the armillary sphere, 
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the gnomon, and the astronomical sighting tube; increasing its width for 

better observation of the pole star and other celestial bodies.  Shen Kuo also 

experimented with camera obscura only a few decades after the first to do 

so, Ibn al-Haytham (965–1039).  

The odometer and south-pointing chariot 

There were many other important figures in the Song era besides Shen Kuo 

and Su Song; many of whom contributed greatly to the technological 

innovations of the time period. Although the mechanically driven mile-

marking device of the carriage-drawn odometer had been known in China 

since the ancient Han Dynasty, the Song Shi (compiled in 1345) provides a 

much greater description and more in-depth view of the device than earlier 

Chinese sources. The Song Shi states: 

“The odometer. [The mile-measuring carriage] is painted 

red, with pictures of flowers and birds on the four sides, 

and constructed in two storeys, handsomely adorned 

with carvings. At the completion of every li, the wooden 

figure of a man in the lower storey strikes a drum; at the 

completion of every ten li, the wooden figure in the 

upper storey strikes a bell.  

The carriage-pole ends in a phoenix-head, and the 

carriage is drawn by four horses. The escort was formerly 

of 18 men, but in the 4th year of the Yongxi reign period 

(987) the emperor Taizong increased it to 30. In the 5th 

year of the Tian-Sheng reign-period (1027) the Chief 

Chamberlain Lu Daolong presented specifications for the 

construction of odometers as follows: …” 

What follows is a long dissertation made by the Chief Chamberlain Lu 

Daolong on the ranging measurements and sizes of wheels and gears. 

However, the concluding paragraph provides description at the end of how 

the device ultimately functions: 

“When the middle horizontal wheel has made 1 

revolution, the carriage will have gone 1 li and the 

wooden figure in the lower story will strike the drum. When 

the upper horizontal wheel has made 1 revolution, the 

carriage will have gone 10 li and the figure in the upper 

storey will strike the bell.  

The number of wheels used, great and small, is 8 inches 

(200 mm) in all, with a total of 285 teeth. Thus the motion 

is transmitted as if by the links of a chain, the „dog-teeth‟ 
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mutually engaging with each other, so that by due 

revolution everything comes back to its original starting 

point.”  

In the Song period (and once during the earlier Tang period), the odometer 

device was combined with the south-pointing chariot device, which was 

probably first invented by the ancient Chinese mechanical engineer Ma Jun 

(200–265). The south-pointing chariot was a wheeled vehicle that may, in 

some cases, have incorporated complex differential gears. (These are used 

now in nearly all modern automobiles to apply equal amounts of torque to 

wheels rotating at different speeds while turning.) The differential gears 

could have been used to keep a mechanically-operated pointer aiming in a 

fixed direction, to the south, compensating for whatever turns the chariot 

made. Other arrangements of gears could also have been used for the same 

purpose. The device used mechanical dead reckoning, rather than the 

magnetism of a compass, in order to navigate and find one's directional 

bearings.   

Yan Su (燕肃; c. 961–1040), the Divisional Director in the Ministry of Works, 

recreated a south-pointing chariot device in 1027, and his specifications for 

creating the device were provided in the Song Shi. This is of little surprise, 

as Yan was somewhat of a polymath like Shen Kuo and Su Song, improving 

the design of the clepsydra clock, writing on mathematical harmonics, theory 

about tides, etc.. The Song Shi text records that it was the engineer Wu 

Deren who combined the south-pointing chariot and odometer in the year 

1107:  

―In the first year of the Da-Guan reign period (1107), the Chamberlain Wu 

Deren presented specifications of the south-pointing carriage and the 

carriage with the li-recording drum (odometer). The two vehicles were 

made, and were first used that year at the great ceremony of the ancestral 

sacrifice‖. The text then went on to describe in full detail the intricate 

mechanical design for the two devices combined into one. 

Revolving repositories 

Besides clockwork, hydraulic-powered armillary spheres, odometers, and 

mechanical compass vehicles, there were other impressive devices of 

mechanical engineering found during the Song Dynasty.  Although literary 

references for mechanical revolving repositories and book cases of Buddhist 

temples trace back to at least 823 during the Tang Dynasty, they came to 

prominence during the Song Dynasty.  

http://en.wikipedia.org/wiki/South-pointing_chariot
http://en.wikipedia.org/wiki/Ma_Jun
http://en.wikipedia.org/wiki/Differential_(mechanical_device)
http://en.wikipedia.org/wiki/Torque
http://en.wikipedia.org/wiki/Dead_reckoning
http://en.wikipedia.org/wiki/Three_Departments_and_Six_Ministries
http://en.wikipedia.org/wiki/Repository_(publishing)
http://en.wikipedia.org/wiki/Buddhist_temple
http://en.wikipedia.org/wiki/Buddhist_temple
http://en.wikipedia.org/wiki/Tang_Dynasty


20-20 Hindsight 
 

 135 

Furthermore, the oldest surviving rotating book case dates to the Song 

period (12th century), found at the Longxing Monastery of Zhengding, Hebei 

province. However, there were nine prominently known revolving 

repositories during the Song period, and one of them was even featured in 

an illustration of Li Jie's book Yingzao Fashi ('Treatise on Architectural 

Methods') of 1103. The rotating repository of 1119 in Kaifu Temple near 

Changsha had five wheels which all turned together; and the revolving 

repository at Nanchan Temple of Suzhou featured a brake system of some 

sort (sinologists are still uncertain how this operated, since the earliest 

known curve brake bands appear in the time of Leonardo da Vinci in 

Europe). A later Muslim traveler Shah Rukh (son of the Turco-Mongol 

warlord Timur) came to Ming Dynasty China in 1420 during the reign of the 

Yongle Emperor and described a revolving repository in Ganzhou of Gansu 

province that he called a 'kiosque': 

“In another temple there is an octagonal kiosk, having 

from the top to the bottom fifteen stories. Each story 

contains apartments decorated with lacquer in the 

Cathayan manner, with ante-rooms and verandahs…It 

is entirely made of polished wood, and this again gilded 

so admirably that it seems to be of solid gold. There is a 

vault below it.  

An iron shaft fixed in the center of the kiosk traverses it 

from bottom to top, and the lower end of this works in 

an iron plate, whilst the upper end bears on strong 

supports in the roof of the edifice which contains this 

pavilion. Thus a person in the vault can with a trifling 

exertion cause this great kiosk to revolve. All the 

carpenters, smiths and painters in the world would learn 

something in their trades by coming here!” 

Textile machinery 

In the field of manufacturing textiles, Joseph Needham (1900–1995) wrote 

that the Chinese invented the quilling-wheel by the 12th century, and wrote 

the mechanical belt drive was known since the 11th century.  Qin Guan's 

book Can Shu (Book of Sericulture) of 1090 described a silk-reeling machine 

with an oscillating 'proto-flyer'; as the apparatus of the main reel of which 

the silk is bound is wound and powered by treadle motion.  In this device 

the ramping arm of the flyer was activated simultaneously by a subsidiary 

belt drive.  This machine was portrayed in an illustration of the Geng Zhi Tu 

book of 1237; and again a more elaborate illustration was provided in a 17th 

century book.  Qin Guan's 1090 book stated that: 
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“The pulley (bearing the eccentric lug) is provided with 

a groove for the reception of the driving belt, an endless 

band which responds to the movement of the machine 

by continuously rotating the pulley.”  

However, Robert Temple, writing in 1986, states that the belt drive was first 

mentioned by Yang Xiong (53–18 B.C.) in his Dictionary of Local Expressions 

written in 15 B.C.. Temple writes: "It was developed for use in machines 

connected with silk manufacture, especially one called a quilling-machine, 

which wound the long silk fibers on to bobbins for the weaver's shuttles." 

Temple states that the quilling machine with a driving belt and small pulley 

was featured again in the book Enlargement of the Literary Expositor, 

written between 230 and 232 A.D..  An endless rope or cord may have been 

used in Du Shi's device of waterwheels that powered bellows of the blast 

furnace in the 1st century.  

Movable type printing 
Printing technology in the form of moveable was invented by Bi Sheng (毕升; 

990–1051) in the 11th century. The work of Bi Sheng was written of by 

Shen Kuo in his Dream Pool Essays (Mengxi Bitan).  Movable type, alongside 

woodblock printing , increased literacy with the mass production of printed 

materials. This meant that parents could encourage sons to learn to read 

and write and therefore be able to take the imperial examination and 

become part of the growing learned bureaucracy.  

Movable type printing was further advanced in Joseon era Korea, where Bi 

Sheng's baked clay characters were scrapped for metal type characters in 

1234.  The movable type of Bi Sheng was later improved upon by Wang 

Zhen (1290–1333), who invented wooden movable type c. 1298, and Hua 

Sui (1439–1513), who invented bronze movable type in China in 1490; yet 

the Koreans had metal movable type before Hua Sui -- and even Wang Zhen 

had experimented with tin-metal movable type.   

Although movable type and woodblock printing would remain the dominant 

types of printing methods for centuries, the European printing press 

(employing the Hellenistic screw-press) was eventually adopted by East 

Asian countries. For printing, the mass production of paper for writing was 

already well established in China. The papermaking process had been 

perfected and standardized by the Han Dynasty court eunuch Cai Lun (50–

121) in 105; and was in widespread use for writing even by the 3rd century.   
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The Song Dynasty was the world's first government in history to issue 

paper-printed money—the banknote (see Jiaozi and Huizi).  Toilet paper had 

been in general use in China since the 6th century, paper bags for 

preserving the flavor of tea leaves by the 7th century and, by the Song 

Dynasty, government officials who had done a great service were rewarded 

by the court with gifts of paper-printed money wrapped in paper envelopes. 

During the Song Dynasty, independent and government sponsored 

industries were developed to meet the needs of a growing population that 

had reached over 100 million. For example, for the printing of paper money 

alone, the Song court established several government-run mints and 

factories in the cities of Huizhou, Chengdu, Hangzhou and Anqi. The size of 

the workforce employed in these paper money factories was quite large, as 

it was recorded in 1175 that the factory at Hangzhou alone employed more 

than a thousand workers a day.  

Gunpowder warfare 
Advances in military technology aided the Song Dynasty in its defense 

against hostile neighbors to the north.  The flamethrower found its origins in 

Byzantine-era Greece; employing Greek fire (a chemically complex, highly 

flammable petrol fluid) in a device with a siphon hose by the 7th century.  

The earliest reference to Greek Fire in China was made in 917, written by 

the author Wu Renchen in his Shiguo Chunqiu.   

In 919, the siphon projector-pump was used to spread the 'fierce fire oil' 

that could not be doused with water, as recorded by Lin Yu in his Wuyue 

Beishi, hence the first credible Chinese reference to the flamethrower 

employing the chemical solution of Greek fire (see also Pen Huo Qi).  Lin Yu 

mentioned also that the 'fierce fire oil' derived ultimately from one of China's 

maritime contacts in the 'southern seas'; Arabia (Dashiguo).  In the Battle of 

Langshan Jiang (Wolf Mountain River) in 932, the naval fleet of the Wenmu 

King from Wuyue defeated a Huainan army from the Wu state; Wenmu's 

success was facilitated by the use of 'fire oil' ('huo you') to burn their fleet; 

signifying the first Chinese use of gunpowder in a battle.   

The Chinese applied the use of double-piston bellows to pump petrol out of a 

single cylinder (with an upstroke and down-stroke), lit at the end by a slow-

burning gunpowder match to fire a continuous stream of flame.  This device 

was featured in description and illustration of the Wujing Zongyao military 

manuscript of 1044.  In the suppression of the Southern Tang state by 976, 

early Song naval forces confronted them on the Yangtze River in 975.  
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Southern Tang forces attempted to use flamethrowers against the Song 

navy, but were accidentally consumed by their own fire when violent winds 

swept in their direction.  Although the destructive effects of gunpowder were 

described in the earlier Tang Dynasty by a Daoist alchemist, the earliest-

known existent written formulas for gunpowder come from the Wujing 

Zongyao text of 1044, which described explosive bombs hurled from 

catapults. The earliest developments of the gun barrel and the projectile-fire 

cannon were found in late Song China.  The first art depiction of the Chinese 

'fire lance' (a combination of a temporary-fire flamethrower and gun) was 

from a Buddhist mural painting of Dunhuang; dated circa 950.  

These 'fire-lances' were widespread in use by the early 12th century, 

featuring hollowed bamboo poles as tubes to fire sand particles (to blind and 

choke), lead pellets, bits of sharp metal and pottery shards and finally large 

gunpowder-propelled arrows and rocket weaponry.  Eventually, perishable 

bamboo was replaced with hollow tubes of cast iron and so too did the 

terminology of this new weapon change from 'fire-spear' ('huo qiang') to 

'fire-tube' ('huo tong').  

This ancestor to the gun was complemented by the ancestor to the cannon -

- what the Chinese referred to since the 13th century as the 'multiple bullets 

magazine erupter' ('bai zu lian zhu pao'); a tube of bronze or cast iron that 

was filled with about 100 lead balls (similar to a renaissance-era blunderbuss 

or modern shotgun). The earliest known depiction of a gun is a sculpture 

from a cave in Sichuan, dating to 1128, that portrays a figure carrying a 

vase-shaped bombard; firing flames and a cannonball. However, the oldest 

existent archeological discovery of a metal barrel handgun is from the 

Chinese Heilongjiang excavation; dated to 1288. The Chinese also 

discovered the explosive potential of packing hollowed cannonball shells with 

gunpowder. Written later by Jiao Yu in his Huolongjing (mid 14th century), 

this manuscript recorded an earlier Song-era cast iron cannon known as the 

'flying-cloud thunderclap eruptor' (fei yun pi-li pao). The manuscript stated 

that: 

“The shells are made of cast iron, as large as a bowl and 

shaped like a ball. Inside they contain half a pound of 

'magic' gunpowder. They are sent flying towards the 

enemy camp from an eruptor; and when they get there 

a sound like a thunder-clap is heard, and flashes of light 

appear. If ten of these shells are fired successfully into 

the enemy camp, the whole place will be set ablaze…” 
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As noted before, the change in terminology for these new weapons during 

the Song period were gradual. The early Song Dynasty cannons were at first 

termed the same way as the Chinese trebuchet catapult.  A later Ming 

Dynasty scholar known as Mao Yuanyi would explain this use of terminology 

and true origins of the cannon in his text of the Wubei Zhi, written in 1628. 

The Song people used the turntable trebuchet, the single-pole trebuchet and 

the squatting-tiger trebuchet.  They were all called 'fire trebuchets' because 

they were used to project fire-weapons like the (fire-)ball, (fire-)falcon and 

(fire-)lance.  They were the ancestors of the cannon.  

The 14th century Huolongjing was also one of the first Chinese texts to 

carefully describe to the use of explosive land mines, which had been used 

by the late Song Chinese against the Mongols in 1277 and employed by the 

Yuan Dynasty afterwards. The innovation of the detonated land mine was 

accredited to one Luo Qianxia in the campaign of defense against the Mongol 

invasion by Kublai Khan.  Later Chinese texts revealed that the Chinese land 

mine employed either a rip-cord or a motion booby trap (of a pin releasing 

falling weights that rotated a steel flint wheel), which in turn created sparks 

that ignited the train of fuses for the land mines.  

Furthermore, the Song Dynasty employed the use of the earliest known 

gunpowder-propelled rockets in warfare during the late 13th century; its 

earliest form being the archaic Fire Arrow. When the Northern Song Dynasty 

capital of Kaifeng fell to the Jurchens in 1126, it was written by Xia 

Shaozeng that 20,000 fire arrows were handed over to the Jurchens in their 

conquest. An even earlier Chinese text of the Wujing Zongyao ("Collection of 

the Most Important Military Techniques"), written in 1044 by the Song 

scholars Zeng Kongliang and Yang Weide, described the use of three-spring 

or triple-bow arcuballista that fired arrow bolts holding gunpowder packets 

near the head of the arrow.  Going back yet even farther, the Wu Li Xiao Shi 

(1630, second edition 1664) of Fang Yizhi stated that fire arrows were 

presented to Emperor Taizu of Song (r. 960–976) in 960.  

Civil engineering 
The canal lock system in modern-day France uses the pound lock system 

developed during the Song Dynasty.  In ancient China, the sluice gate, the 

canal lock (invented in the 10th century and written of by Shen Kuo) and 

flash lock had been known since at least the 1st century B.C. (as sources 

then alluded that they were not new innovations) during the ancient Han 

Dynasty (202 B.C.–220 A.D.).  During the Song Dynasty the pound lock was 
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first invented in 984 by the Assistant Commissioner of Transport for 

Huainan; the engineer Qiao Weiyo. During his day, the Chinese became 

concerned with a barge traffic problem at the Shanyang Yundao section of 

the Grand Canal; as ships often became wrecked while passing the double 

slipways and were robbed of the tax grain by local bandits. The historical 

text of the Song Shi (compiled in 1345) stated that in 984: 

“Qiao Weiyo also built five double slipways (lit. dams) 

between Anbei and Huaishi (or, the quays on the Huai 

waterfront). Each of these had ten lanes for the barges to 

go up and down. Their cargoes of imperial tax-grain were 

heavy, and as they were passing over they often came to 

grief and were damaged or wrecked; with loss of the grain 

and peculation by a cabal of the workers in league with 

local bandits hidden nearby. “ 

Qiao Weiyo therefore first ordered the construction of two gates at the third 

dam along the West River (near Huaiyin). The distance between the two 

gates was rather more than 50 paces (250 ft) and the whole space was 

covered over with a great roof like a shed. The gates were 'hanging gates'; 

(when they were closed) the water accumulated like a tide until the required 

level was reached, and then when the time came it was allowed to flow out. 

He also built a horizontal bridge to protect their foundations. After this was 

done (to all the double slipways) the previous corruption was completely 

eliminated and the passage of the boats went on without the slightest 

impediment. This practice became widespread and was even written of by 

the Chinese polymath scientist Shen Kuo in his Dream Pool Essays (1088).   

Shen Kuo wrote that the establishment of pound lock gates at Zhenzhou 

(presumably Kuozhou along the Yangtze) during the Tian Sheng reign period 

(1023–1031) freed up the use of five hundred working laborers at the canal 

each year, amounting to the saving of up to 1,250,000 strings of cash 

annually.  He wrote that the old method of hauling boats over limited the 

size of the cargo to 300 tan of rice per vessel (roughly 21 long tons/21,000 

kg), but after the pound locks were introduced, boats carrying 400 tan 

(roughly 28 long tons/28,000 kg) could then be used.   

Shen wrote that by his time (c. 1080) government boats could carry cargo 

weights of up to 700 tan (49.5 long tons/50,300 kg) while private boats 

could hold as much as 800 bags; each weighing 2 tan (i.e. 113 long 

tons/115,000 kg).  Shen Kuo also noted that proper use of sluice gates at 

irrigation canals was the best means of achieving success in the silt 
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fertilization method.  However, agricultural and transportation needs had the 

potential to conflict with one another. This is best represented in the Dongpo 

Zhilin of the governmental official and famous poet Su Shi (1037–1101), 

who wrote about two decades before Shen Kuo in 1060:  

“Several years ago the government built sluice gates for 

the silt fertilization method, though many people 

disagreed with the plan.  In spite of all opposition it was 

carried through, yet it had little success. When the 

torrents on Fan Shan were abundant, the gates were 

kept closed, and this caused damage (by flooding) of 

fields, tombs, and houses.  

When the torrents subsided in the late autumn the 

sluices were opened, and thus the fields were irrigated 

with silt-bearing water, but the deposit was not as thick 

as what the peasants call 'steamed cake silt' (so they 

were not satisfied). Finally the government got tired of it 

and stopped.” 

In this connection I remember reading the Jiayipan of Bai Juyi (the poet) in 

which he says that he once had a position as Traffic Commissioner. As the 

Bian River was getting so shallow that it hindered the passage of boats he 

suggested that the sluice gates along the river and canal should be closed, 

but the Military Governor pointed out that the river was bordered on both 

sides by fields which supplied army grain and, if these were denied irrigation 

(water and silt) because of the closing of the sluice gates, it would lead to 

shortages in army grain supplies.   

From this I learned that in the Tang period there were government fields and 

sluice gates on both sides of the river and that irrigation was carried on 

(continuously) even when the water was high.  Although the dry-dock had 

been known in Ptolemaic Egypt since the late 3rd century B.C. (by a 

Phoenician; not used again until Henry VII of England in 1495), the scientist 

and statesman Shen Kuo wrote of its use in China to repair boats during the 

11th century.  In his Dream Pool Essays (1088), Shen Kuo wrote: 

“At the beginning of the dynasty (c. 965) the two Zhe 

provinces (now Zhejiang and southern Jiangsu) 

presented (to the throne) two dragon ships each 

more than (60.00 m/200 ft) in length.  The upper works 

included several decks with palatial cabins and 

salons; containing thrones and couches all ready for 

imperial tours of inspection.   
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After many years, their hulls decayed and needed 

repairs, but the work was impossible as long as they 

were afloat. So, in the Xi-Ning reign period (1068 to 

1077) a palace official Huang Huaixin suggested a 

plan.  

A large basin was excavated at the north end of the 

Jinming Lake capable of containing the dragon 

ships, and in it heavy crosswise beams were laid 

down upon a foundation of pillars. Then (a breach 

was made) so that the basin quickly filled with water, 

after which the ships were towed in above the 

beams.   

The breach now being closed; the water was 

pumped out by wheels so that the ships rested quite 

in the air.  When the repairs were complete, the 

water was let in again, so that the ships were afloat 

once more (and could leave the dock).   

Finally the beams and pillars were taken away, and 

the whole basin covered over with a great roof so as 

to form a hangar in which the ships could be 

protected from the elements and avoid the damage 

caused by undue exposure.” 

Nautics 

Background 

The Chinese of the Song Dynasty were adept sailors who traveled to ports of 

call as far away as Fatimid Egypt. They were well equipped for their journeys 

abroad, in large seagoing vessels steered by stern-post rudders and guided 

by the directional compass. Even before Shen Kuo and Zhu Yu had described 

the mariner's magnetic needle compass, the earlier military treatise of the 

Wujing Zongyao in 1044 had also described a thermoremanent compass. 

This was a simple iron or steel needle that was heated, cooled and placed in 

a bowl of water; producing the effect of weak magnetization, although its 

use was described only for navigation on land and not at sea.  

Literature 

There were plenty of descriptions in Chinese literature of the time on the 

operations and aspects of seaports, maritime merchant shipping, overseas 

trade and the sailing ships themselves. In 1117, the author Zhu Yu wrote 

not only of the magnetic compass for navigation, but also a hundred foot 

line with a hook that was cast over the deck of the ship, used to collect mud 
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samples at the bottom of the sea in order for the crew to determine their 

whereabouts by the smell and appearance of the mud.  In addition, Zhu Yu 

wrote of watertight bulkhead compartments in the hulls of ships (to prevent 

sinking if damaged), the fore-and-aft lug, taut mat sails and the practice of 

beating-to-windward.  

Confirming Zhu Yu's writing on Song Dynasty ships with bulkhead hull 

compartments, in 1973 a 78-foot (24 m) long, 29-foot (8.8 m) wide Song 

Dynasty trade ship from c. 1277 was dredged from the water near the 

southern coast of China that contained 12 bulkhead compartment rooms in 

its hull. Maritime culture during the Song period was enhanced by these new 

technologies, along with the allowance of greater river and canal traffic.  

All around there was a bustling display of government run grain-tax 

transport ships, tribute vessels and barges, private shipping vessels & a 

multitude of busy fishers in small fishing boats; along with the rich enjoying 

the comforts of their luxurious private yachts. Besides Zhu Yu there were 

other prominent Chinese authors of maritime interests as well.  In 1178, the 

Guangzhou customs officer Zhou Qufei, who wrote about the Arab slave 

trade of Africans as far as Madagascar, stated this about Chinese seagoing 

ships, their sizes, durability at sea and the lives of those on board: 

“The ships which sail the southern sea and south of it 

are like houses. When their sails are spread they are 

like great clouds in the sky. Their rudders are several 

tens of feet long. A single ship carries several 

hundred men, and has in the stores a year's supply 

of grain. Pigs are fed and wine fermented on board. 

There is no account of dead or living, no going back 

to the mainland when once the people have set 

forth upon the cerulean sea.   

At daybreak, when the gong sounds aboard the 

ship, the animals can drink their fill, and crew and 

passengers alike forget all dangers. To those on 

board everything is hidden and lost in space, 

mountains, landmarks, and the countries of 

foreigners.   

The shipmaster may say 'To make such and such a 

country, with a favorable wind, in so many days, we 

should sight such and such a mountain, (then) the 

ship must steer in such and such a direction'.  But 

suddenly the wind may fall, and may not be strong 
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enough to allow of the sighting of the mountain on 

the given day; in such a case, bearings may have to 

be changed.  

And the ship (on the other hand) may be carried far 

beyond (the landmark) and may lose its bearings. A 

gale may spring up, the ship may be blown hither 

and thither, it may meet with shoals or be driven 

upon hidden rocks, then it may be broken to the 

very roofs (of its deckhouses).  A great ship with 

heavy cargo has nothing to fear from the high seas, 

but rather in shallow water it will come to grief.”  

The later Muslim Moroccan Berber traveler Ibn Batutta (1304–1377) wrote in 

greater detail about Chinese sailing vessels than Zhou Qufei. He noted that 

in and around the seas of China, only the distinct Chinese junk ships were 

used to sail the waters. He noted that the largest type of Chinese ships 

boasted a total of twelve sailing masts while the smaller ones had three. On 

Chinese ships and their crews, Ibn Batutta stated: 

“The sails of these vessels are made of strips of 

bamboo; woven into the form of matting. The sailors 

never lower them (while sailing), but simply change 

the direction of them according to whether the 

wind is blowing from one side or the other. When the 

ships cast anchor, the sails are left standing in the 

wind.   

Each of these ships is worked by 1,000 men, 600 

sailors and 400 marines; among whom there are 

archers and crossbowmen furnished with shields, 

and men who throw (pots of) naptha.  Each great 

vessel is followed by three others, a 'nisfi', a 'thoulthi' 

and a 'roubi'.”* 

* (endnote: a pinnace; a small boat fitted with a rudder which also serves as a row-boat)  

These vessels are nowhere made except in the city of Zayton (Quanzhou) in 

China, or at Sin-Kilan, which is the same as Sin al-Sin (Guangzhou). Ibn 

Batutta then went on describing the means of their construction and 

accurate depictions of separate bulkhead compartments in the hulls of the 

ships: 

“This is the manner in which they are made; two 

(parallel) walls of very thick wooden (planking) 

are raised, and across the space between them 
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are placed very thick planks (the bulkheads) 

secured longitudinally and transversely by means 

of large nails; each three ells in length.  

When these walls have thus been built, the lower 

deck is fitted in, and the ship is launched before 

the upper works are finished. The pieces of wood, 

and those parts of the hull, near the water(-line) 

serve for the crew to wash and to accomplish 

their natural necessities.  

On the sides of these pieces of wood also the oars 

are found; they are as big as masts, and are 

worked by 10 or 15 men (each), who row standing 

up.”  

Although Ibn Batutta had mentioned the size of the sailing crew, he 

described the sizes of the vessels further; as well as the lavish merchant 

cabins on board: 

“The vessels have four decks, upon which there are 

cabins and saloons for merchants. Several of these 

'mysria' contain cupboards and other conveniences; 

they have doors which can be locked, and keys for 

their occupiers. (The merchants) take with them their 

wives and concubines.  It often happens that a man 

can be in his cabin without others on board realizing it, 

and they do not see him until the vessel has arrived in 

some port.  The sailors also have their children in such 

cabins and (in some parts of the ship) they sew garden 

herbs, vegetables and ginger in wooden tubs.  

The Commander of such a vessel is a great Emir; when 

he lands, the archers and the Ethiops (i.e. black slaves, 

yet in China these men-at-arms would have most likely 

been Malays) march before him bearing javelins and 

swords; with drums beating and trumpets blowing. 

When he arrives at the guesthouse where he is to stay, 

they set up their lances on each side of the gate and 

mount guard throughout his visit.”  

Paddle-wheel ships 

During the Song Dynasty there was also great amount of attention given to 

the building of efficient automotive vessels known as paddle-wheel craft. The 

latter had been known in China perhaps since the 5th century and certainly 

by the Tang Dynasty in 784 with the successful paddle wheel warship design 
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of Li Gao.  In 1134 the Deputy Transport Commissioner of Zhejiang, Wu Ge, 

had paddle wheel warships constructed with a total of nine wheels and 

others with thirteen wheels. However, there were paddle wheel ships in the 

Song that were so large that twelve wheels were featured on each side of 

the vessel.  In 1135 the famous general Yue Fei (1103–1142) ambushed a 

force of rebels under Yang Yao; entangling their paddle wheel craft by filling 

a lake with floating weeds and rotting logs, thus, allowing them to board 

their ships and gain a strategic victory.  In 1161, gunpowder bombs and 

paddle wheel crafts were used effectively by the Song Chinese in the Battle 

of Tangdao and the Battle of Caishi against the Jurchen Jin Dynasty; who 

made an unsuccessful invasion of the Southern Song along the Yangtze 

River.  

In 1183 the Nanjing naval commander Chen Tang was given a reward for 

constructing ninety paddle wheel craft and other warships.  In 1176, 

Emperor Xiaozong of Song (r. 1162–1189) issued an imperial order to the 

Nanjing official Guo Gang (who desired to convert damaged paddle wheel 

craft into junk ships and galleys) not to limit the number of paddle wheel 

craft in the navy's dockyards, since he had high esteem for the fast assault 

craft that won the Chinese victory at Caishi.  However, paddle wheel craft 

found other uses besides effective assaults in warfare.  The Arab or Persian 

Commissioner of Merchant Shipping for Quanzhou, the Muslim Pu Shougeng 

(who served from 1250–1275), noted that paddle wheel ships were also 

used by the Chinese as tugboats for towing.  

Metallurgy 
The art of metallurgy during the Song Dynasty built upon the efforts of 

earlier Chinese dynasties, while new methods were incorporated. The 

Chinese of the ancient Han Dynasty (202 B.C.–220 A.D.) figured out how to 

create steel by smelting together the carbon intermediary of wrought iron 

and cast iron by the 1st century B.C.. However, there were two new Chinese 

innovations of the Song Dynasty to create steel during the 11th century.  

This was the "berganesque" method that produced inferior, inhomogeneous 

steel; while the other was a precursor to the modern Bessemer process that 

utilized partial de-carbonization (via repeated forging under a cold blast).  

The per capita iron output rose six-fold between 806 and 1078, and by 1078 

Song China was producing 127,000,000 kg (125,000 long tons; 127,000 t) 

in weight of iron per year. The historian Donald B. Wagner points out that 

this estimate was based upon the total number of government tax receipts 
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on iron from the various iron-producing prefectures in the empire.  In the 

smelting process of using huge bellows driven by hydraulics (i.e. large 

waterwheels), massive amounts of charcoal were used in the production 

process; leading to a wide range of deforestation in northern China. 

However, by the end of the 11th century the Chinese discovered that using 

bituminous coke could replace the role of charcoal, hence many acres of 

forested land and prime timber in northern China were spared by the steel 

and iron industry with this switch of resources to coal.  This massive 

increase in output of the iron and steel industry in China was the result of 

the Song Dynasty's needs for military expansion, private commercial 

demands for metal products such as cooking utensils found in the market 

with a wide variety of agricultural tools and by new canals linking major 

centers of iron and steel production to the capital city's bustling market.  

The many uses for manufactured iron products in the Song period included 

iron for weapons, implements, coins, architectural elements, musical bells, 

artistic statues and components for machinery such as the hydraulic-

powered trip hammer, which had been known since the 1st century B.C. 

during the ancient Han Dynasty and used extensively during the Song 

Dynasty. Due to the enormous amount of production, the economic historian 

Robert Hartwell noted that Chinese iron and coal production in the following 

12th century was equal to if not greater than  England‘s  iron and coal 

production in the early phase of the Industrial Revolution during the late 

18th century.  

However, the Chinese of the Song period did not harness the energy 

potential of coal in ways that would generate power mechanically, as in the 

later Industrial Revolution that would originate in the West.  There were 

certain administrative prefectures during the Song era where the Chinese 

iron industry was mostly concentrated. For example, the poet and statesman 

Su Shi wrote a memorial to the throne in 1078 that specified 36 ironwork 

smelters, each employing a work force of several hundred people, in the 

Liguo Industrial Prefecture (under his governance while he administered 

Xuzhou).  

Wind power 
The effect of wind power was appreciated in China long before the 

introduction of the windmill during the Song period. It is uncertain when the 

ancient Chinese used their very first inflatable bellows as wind-blowing 

machines for kilns and furnaces. They existed perhaps as far back as the 
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Shang Dynasty (1600 –1050 B.C.), due to the intricate bronze casting 

technology of the period.  They were certainly used since the advent of the 

blast furnace in China from the 6th century B.C. onwards, since cast iron 

farm tools and weapons were widespread by the 5th century B.C..  In 31 the 

Han Dynasty governmental prefect and engineer Du Shi (d. 38) employed 

the use of horizontal waterwheels and a complex mechanical gear system to 

operate the large bellows that heated the blast furnace in smelting cast iron.  

Bellows continued in use for purposes of metallurgy, but other sources of 

wind power were discovered and harnessed. The Han Dynasty artisan Ding 

Huan (fl. 180) not only pioneered the invention of the cardan suspension, 

but also the rotary fan; which could be used as a simple air conditioner.   

This employed seven wheel each about 3 m (10 ft) in diameter and manually 

powered, but by the Tang Dynasty (618–907) palaces featured water-

powered rotary fans for air conditioning and, in the Song Dynasty, states 

Needham: "the refrigerant effects of artificial draught seem to have been 

appreciated ever more widely."   

There was also an intricate Chinese rotary fan winnowing machine depicted 

in Wang Zhen's agricultural treatise of the Nong Shu of 1313 (although the 

earliest depiction of a winnowing machine was from a Han Dynasty tomb 

model dated from the 2nd century B.C. to the 2nd century). After these 

innovations, the windmill was finally introduced to China in the early 13th 

century via the Jin Dynasty in northern China during the late Song Dynasty. 

The Persian scholar Ali ibn Sahl Rabban al-Tabari wrote c. 850 that the 

earlier Caliph Umar ibn al-Khattab was murdered in 644 by the technician 

Abu Lu'lu'a, who claimed to construct mills driven by the power of wind.  

More reliable than this account were the windmills of the Banu Musa 

brothers (850 to 870), while there are also several authors confirming the 

windmills of Sistan (Iran); written of by Abu Ishaq al-Istakhri and Abu al-

Qasim ibn Hauqal.  The northern Chinese under the rule of the Jurchen Jin 

Dynasty became acquainted with the windmills of the Islamic world in the 

early 13th century. This is seen in an account of the Shu Zhai Lao Xue Cong 

Tan (Collected Talks of the Learned Old Man of the Shu Studio), written by 

Sheng Ruozi. It read: 

[ In the collection of the private works of the 'Placid 

Retired Scholar' (Zhan Ran Ju Shi), there are ten 

poems on Hechong Fu. One of these describes the 

scenery of that place…and says that 'the stored 
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wheat is milled by the rushing wind and the rice is 

pounded fresh by hanging pestles.  

The westerners (i.e. Turks) there use windmills (feng 

mo) just as the people of the south (i.e. Southern 

Song Dynasty) use watermills (shui mo). And when 

they pound they have the pestles hanging 

vertically'. ] 

Here Sheng Ruozi quotes a written selection about windmills from the 'Placid 

Retired Scholar' who is actually Yelü Chucai (1190–1244), a prominent Jin 

and Yuan statesman (after the Jin fell in 1234 to the Mongols).  The passage 

refers to Yelü's journey to Turkestan (modern Xinjiang) in 1219 and 

Hechong Fu is actually Samarkand (in modern Uzbekistan). Afterwards, the 

Chinese applied the 'fore-and-aft' sail riggings of typical Chinese junk ships 

to horizontal windmills. These windmills were used to operate the square-

pallet chain pumps used in Chinese irrigation since the ancient Han Dynasty. 

Windmills of this nature were still in use during modern times in Tianjin and 

along the Yangtze River.  The first European to view Chinese windmills was 

Jan Nieuhoff, who spotted them in Jiangsu while traveling along the Grand 

Canal in 1656, as part of the Dutch embassy to Beijing.  The first European 

windmills written of were those of Dean Herbert of East Anglia in 1191, who 

competed with the mills of the Abbey of Bury St Edmunds. After the 

windmill, wind power applications in other devices and even vehicles were 

found in China. There was the 'sailing carriage' that appeared by at least the 

Ming Dynasty in the 16th century (although it could have been known 

beforehand). European travelers to China in the late 16th century were 

surprised to find large single-wheel passenger and cargo wheelbarrows not 

only pulled by mule or horse, but also mounted with ship-like masts and 

sails to help push them along by the wind.  

Archaeology 
During the early half of the Song Dynasty (960–1279), the study of 

archeology developed out of the antiquarian interests of the educated gentry 

and their desire to revive the use of ancient vessels in state rituals and 

ceremonies.  This and the belief that ancient vessels were products of 'sages' 

and not common people was criticized by Shen Kuo; who discussed 

metallurgy, optics, astronomy, geometry and ancient music measures in 

addition to archeology. His contemporary Ouyang Xiu (1007–1072) compiled 

an analytical catalogue of ancient rubbings on stone and bronze. In 

accordance with the beliefs of the later Leopold von Ranke (1795–1886), 
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some Song gentry —such as Zhao Mingcheng (1081–1129)— valued 

archaeological evidence over historical works written after the fact; finding 

written records unreliable when they failed to match with the archaeological 

discoveries. Hong Mai (1123–1202) used ancient Han Dynasty era vessels to 

debunk what he found to be fallacious descriptions of Han vessels in the 

Bogutu archaeological catalogue compiled during the latter half of Huizong's 

reign (1100–1125).  

Geology and climatology 
Shen Kuo also made hypotheses in regards to geology and climatology in his 

Dream Pool Essays of 1088. Shen believed that land was reshaped over time 

due to perpetual erosion, uplift and deposition of silt; citing his observance 

of horizontal strata of fossils embedded in a cliffside at Taihang as evidence 

that the area was once the location of an ancient seashore that had shifted 

hundreds of miles east over an enormous span of time.  Shen also wrote 

that, since petrified bamboos were found underground in a dry northern 

climate zone where they had never been known to grow, climates naturally 

shifted geographically over time.  

Tang Dynasty 
The Tang Dynasty (Chinese: 唐朝; pinyin: Táng Cháo; IPA: [tʰ ŋ tʂʰ ]; 

Middle Chinese: dhɑng) (June 18, 618 – June 1, 907) was an imperial 

dynasty of China preceded by the Sui Dynasty and followed by the Five 

Dynasties and Ten Kingdoms Period.  It was founded by the Li (李) family, 

who seized power during the decline and collapse of the Sui Empire. The 

dynasty was interrupted briefly by the Second Zhou Dynasty (October 8, 690 

– March 3, 705) when Empress Wu Zetian seized the throne; becoming the 

first and only Chinese empress regnant ruling in her own right. 

The Tang Dynasty, with its capital at Chang'an (present-day Xi'an), the most 

populous city at the time in the world, is generally regarded as a high point 

in Chinese civilization—equal to, or surpassing that of, the earlier Han 

Dynasty—a golden age of cosmopolitan culture. Its territory, acquired 

through the military campaigns of its early rulers, was greater than that of 

the Han period and it rivaled that of the later Yuan Dynasty and Qing 

Dynasty.  In two censuses of the 7th and 8th centuries, the Tang records 

estimated the population by number of registered households at about 50 

million people.  Yet, even when the central government was breaking down 

and unable to compile an accurate census of the population in the 9th 

century, it is estimated that the population had grown by then to about 80 
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million people. With its large population base, the dynasty was able to raise 

professional and conscripted armies of hundreds of thousands of troops to 

contend with nomadic powers in dominating Inner Asia and the lucrative 

trade routes along the Silk Road.  Various kingdoms and states paid tribute 

to the Tang court, while the Tang also conquered or subdued several regions 

which it indirectly controlled through a protectorate system. Besides political 

hegemony, the Tang also exerted a powerful cultural influence over 

neighboring states such as those in Korea, Japan and Vietnam. 

The Tang Dynasty was largely a period of progress and stability, except 

during the An Shi Rebellion and the decline of central authority in the latter 

half of the dynasty. Like the previous Sui Dynasty, the Tang Dynasty 

maintained a civil service system by drafting officials through standardized 

examinations and recommendations to office. This civil order was 

undermined by the rise of regional military governors known as jiedushi 

during the 9th century. Chinese culture flourished and further matured 

during the Tang era; it is considered the greatest age for Chinese poetry.   

Two of China's most famous poets, Li Bai and Du Fu, belonged to this age, 

as did many famous painters such as Han Gan, Zhang Xuan and Zhou Fang. 

There was a rich variety of historical literature compiled by scholars; as well 

as encyclopedias and geographical works. There were many notable 

innovations during the Tang, including the development of woodblock 

printing. Buddhism became a major influence in Chinese culture; with native 

Chinese sects gaining prominence.   

However, Buddhism would later be persecuted by the state and decline in 

influence. Although the dynasty and central government were in decline by 

the 9th century, art and culture continued to flourish.  The weakened central 

government largely withdrew from managing the economy, though the 

country's mercantile affairs stayed intact and commercial trade continued to 

thrive regardless. 

Socio-Political History Context 
Establishment 

The Li family belonged to the northwest military aristocracy prevalent during 

the reign of the Sui emperors.  The mothers of both Emperor Yang of Sui (r. 

604–617) and the founding emperor of Tang were sisters, making these two 

emperors of different dynasties first cousins.  Li Yuan (later to become 

Emperor Gaozu of Tang, r. 618–626) was the Duke of Tang and former 
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governor of Taiyuan when other government officials were fighting off bandit 

leaders in the collapse of the Sui Empire, caused in part by a failed Korean 

campaign. With prestige and military experience, he later rose in rebellion 

along with his son and his equally militant daughter Princess Pingyang (d. 

623) who raised her own troops and commanded them.  In 617, Li Yuan 

occupied Chang'an and acted as regent over a puppet child emperor of the 

Sui; relegating Emperor Yang to the position of Taishang Huang (retired 

emperor/father of the present emperor).   

With the news of Emperor Yang's murder by his general Yuwen Huaji (d. 

619), on June 18, 618, Li Yuan declared himself the emperor of a new 

dynasty, the Tang.  Li Yuan ruled until 626 before being forcefully deposed 

by his son Li Shimin, Prince of Qin. Li Shimin had commanded troops since 

the age of 18, had prowess with a bow, sword, lance and was known for his 

effective cavalry charges.  Fighting a numerically superior army, he defeated 

Dou Jiande (573–621) at Luoyang in the Battle of Hulao on May 28, 621.   

In a violent elimination of royal family due to fear of assassination, Li Shimin 

ambushed and killed two of his brothers, Li Yuanji (b. 603) and Crown Prince 

Li Jiancheng (b. 589) in the Incident at Xuanwu Gate on July 2, 626. Shortly 

thereafter, his father abdicated in his favor and Li Shimin ascended the 

throne.  He is conventionally known by his temple name Taizong (唐太宗). 

Although killing two brothers and deposing his father contradicted the 

Confucian value of filial piety, Taizong showed himself to be a capable leader 

who listened to the advice of the wisest members of his council. In 628, 

Emperor Taizong held a Buddhist memorial service for the casualties of war 

and in 629 had Buddhist monasteries erected at the sites of major battles so 

that monks could pray for the fallen on both sides of the fight.  This was 

during the campaign against Eastern Tujue, a Göktürk khanate that was 

destroyed after the capture of Jiali Khan Ashini Duobi by the famed Tang 

military officer Li Jing (571–649), who later became a Chancellor of the Tang 

Dynasty. With this victory, the Turks accepted Taizong as their Khagan, or 

Great Khan (天可汗), in addition to his rule as the Son of Heaven.  

Administration and politics 
Initial reforms 

Taizong set out to solve internal problems within the government which had 

constantly plagued past dynasties. Building upon the Sui legal code, he 

issued a new legal code that subsequent Chinese dynasties would model 

theirs upon, as well as neighboring polities in Vietnam, Korea and Japan.  
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The earliest law code to survive though was the one established in the year 

653, which was divided into 500 articles specifying different crimes and 

penalties ranging from ten blows with a light stick, one hundred blows with a 

heavy rod, exile, penal servitude or execution.  

The legal code clearly distinguished different levels of severity in meted 

punishments when different members of the social and political hierarchy 

committed the same crime. For example, the severity of punishment was 

different when a servant or nephew killed a master or an uncle than when a 

master or uncle killed a servant or nephew. The Tang Code was largely 

retained by later codes such as the early Ming Dynasty (1368–1644) code of 

1397, yet there were several revisions in later times, such as improved 

property rights for women during the Song Dynasty (960–1279).  The Tang 

had three departments (省, shěng), which were obliged to draft, review, and 

implement policies respectively. There were also six ministries (部, bù) under 

the administrations that implemented policy, each of which was assigned 

different tasks. These divisional state bureaus included the personnel 

administration, finance, rites, military, justice and public works—an 

administrative model which would last until the fall of the Qing Dynasty 

(1644–1912).  

Although the founders of the Tang related to the glory of the earlier Han 

Dynasty (202 B.C.-220 A.D.), the basis for much of their administrative 

organization was very similar to the previous Southern and Northern 

Dynasties. The Northern Zhou (557–581) divisional militia (fubing) was 

continued by the Tang government, along with farmer-soldiers serving in 

rotation from the capital or frontier in order to receive appropriated 

farmland.  The equal-field system of the Northern Wei Dynasty (386–534) 

was also kept, although there were a few modifications. Although the central 

and local governments kept an enormous number of records about land 

property in order to assess taxes, it became common practice in the Tang 

for literate and affluent people to create their own private documents and 

signed contracts.   

These had their own signature and that of a witness and scribe in order to 

prove in court (if necessary) that their claim to property was legitimate. The 

prototype of this actually existed since the ancient Han Dynasty, while 

contractual language became even more common and embedded into 

Chinese literary culture in later dynasties.  The center of the political power 

of the Tang was the capital city of Chang'an (modern Xi'an), where the 
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emperor maintained his large palace quarters and entertained political 

emissaries with music, sports, acrobatics, poetry, paintings and dramatic 

theater performances. The capital was also filled with incredible amounts of 

riches and resources to spare. When the Chinese prefectural government 

officials traveled to the capital in the year 643 to give the annual report of 

the affairs in their districts, Emperor Taizong discovered that many had no 

proper quarters to rest in, and were renting rooms with merchants. 

Therefore, Emperor Taizong ordered the government agencies in charge of 

municipal construction to build every visiting official his own private mansion 

in the capital.  

Imperial examinations 

Following the Sui Dynasty's example, the Tang abandoned the nine-rank 

system in favor of a large civil service system. Students of Confucian studies 

were potential candidates for the imperial examinations; the graduates of 

which could be appointed as state bureaucrats in the local, provincial and 

central government. There were two types of exams that were given: 

mingjing ('illuminating the classics examination') and jinshi ('presented 

scholar examination').  The mingjing was based upon the Confucian classics 

and tested the student's knowledge of a broad variety of texts. The jinshi 

tested a student's literary abilities in writing essay-style responses to 

questions on matters of governance and politics; as well as their skills in 

composing poetry.  

Candidates were also judged on their skills of deportment, appearance, 

speech and level of skill in calligraphy; all of which were subjective criteria 

that allowed the already wealthy members of society to be chosen over ones 

of more modest means who were unable to be educated in rhetoric or 

fanciful writing skills. There was a disproportionate number of civil officials 

coming from aristocratic as opposed to non-aristocratic families.   The exams 

were open to all male subjects whose fathers were not of the artisan or 

merchant classes, although having wealth or noble status was not a 

prerequisite in receiving a recommendation. In order to promote widespread 

Confucian education, the Tang government established state-run schools 

and issued standard versions of the Five Classics with selected 

commentaries.  

This competitive procedure was designed to draw the best talent into 

government. But perhaps an even greater consideration for the Tang rulers, 

aware that imperial dependence on powerful aristocratic families and 
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warlords would have destabilizing consequences, was to create a body of 

career officials having no autonomous territorial or functional power base. 

The Tang law code ensured equal division of inherited property amongst 

legitimate heirs, allowing a bit of social mobility and preventing the families 

of powerful court officials in becoming landed nobility through primogeniture.  

As it turned out, these scholar-officials acquired status in their local 

communities and in family ties, while they also shared values that connected 

them to the imperial court. From Tang times until the end of the Qing 

Dynasty in 1912, scholar-officials functioned often as intermediaries between 

the grassroots level and the government. Yet the potential of a widespread 

examination system was not fully realized until the Song Dynasty, where the 

merit-driven scholar official largely shed his aristocratic habits and defined 

his social status through the examination system. Nevertheless, the Sui and 

Tang dynasties institutionalized and set the foundations for the civil service 

system and this new elite class of exam-drafted scholar-officials. As historian 

Patricia Ebrey states of the Song period scholar-officials: 

“The examination system, used only on a small scale in 

Sui and Tang times, played a central role in the 

fashioning of this new elite. The early Song emperors, 

concerned above all to avoid domination of the 

government by military men, greatly expanded the 

civil service examination system and the government 

school system.” 

 
Religion and politics 
From the outset, religion played a role in Tang politics. In his bid for power, 

Li Yuan had attracted a following by claiming descent from the Daoist sage 

Laozi (fl. 6th century B.C.).  People bidding for office would have monks 

from Buddhist temples pray for them in public, in return for cash donations 

or gifts if the person was to be selected. Before the persecution of Buddhism 

in the 9th century, Buddhism and Daoism were accepted side by side; and 

Emperor Xuanzong of Tang (r. 712–56) invited monks and clerics of both 

religions to his court.   

At the same time Xuanzong exalted the ancient Laozi by granting him grand 

titles, wrote commentary on the Daoist Laozi, set up a school to prepare 

candidates for examinations on Daoist scriptures and called upon the Indian 

monk Vajrabodhi (671–741) to perform Tantric rites to avert a drought in 

the year 726.  In 742 Emperor Xuanzong personally held the incense burner 

during the ceremony of the Ceylonese monk Amoghavajra (705–74) reciting 

http://en.wikipedia.org/wiki/Social_mobility
http://en.wikipedia.org/wiki/Landed_nobility
http://en.wikipedia.org/wiki/Primogeniture
http://en.wikipedia.org/wiki/Scholar-bureaucrats
http://en.wikipedia.org/wiki/Taoism
http://en.wikipedia.org/wiki/Laozi
http://en.wikipedia.org/wiki/Emperor_Xuanzong_of_Tang
http://en.wikipedia.org/wiki/Vajrabodhi
http://en.wikipedia.org/wiki/Vajrayana
http://en.wikipedia.org/wiki/Ceylonese
http://en.wikipedia.org/wiki/Amoghavajra


20-20 Hindsight 
 

 156 

"mystical incantations to secure the victory of Tang forces." While religion 

played a role in politics, politics also played a role in religion. In the year 

714, Emperor Xuanzong forbade shops and vendors in the city of Chang'an 

to sell copied Buddhist sutras; instead giving the Buddhist clergy of the 

monasteries the sole right to distribute sutras to the laity.  

In the previous year of 713, Emperor Xuanzong had liquidated the highly 

lucrative Inexhaustible Treasury; which was run by a prominent Buddhist 

monastery in Chang'an.  This monastery collected vast amounts of money, 

silk and treasures through multitudes of anonymous people's repentances; 

leaving the donations on the monastery's premise. Although the monastery 

was generous in donations, Emperor Xuanzong issued a decree abolishing 

their treasury on grounds that their banking practices were fraudulent, 

collected their riches and distributed the wealth to various other Buddhist 

monasteries, Daoist abbeys or to repair statues, halls and bridges in the city.  

Taxes and the census  

The Tang Dynasty government attempted to create an accurate census of 

the size of their empire's population, mostly for effective taxation and 

matters of military conscription for each region. The North held 75% of the 

overall population at the dynasty's inception, but by its end was reduced to 

50%.  Chinese population size would not dramatically increase until the 

Song Dynasty period, where the population doubled to 100 million people 

due to extensive rice cultivation in central and southern China, coupled with 

rural farmers holding more abundant yields of food that they could easily 

provide the growing market.  

The early Tang government established both the grain tax and cloth tax at a 

relatively low rate for each household under the empire. This was meant to 

encourage households to enroll for taxation and not avoid the authorities; 

thus providing the government with the most accurate estimate possible. In 

the census of 609, the population was tallied by efforts of the government at 

a size of 9 million households, or about 50 million people.  Again, the Tang 

census of the year 742 approximated the size China's population to about 

50 million people.  

Patricia Ebrey writes that even if a rather significant number of people had 

avoided the registration process of the tax census, the population size during 

the Tang had not grown significantly since the earlier Han Dynasty (the 

census of the year 2 recording a population of roughly 58 million people in 
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China).  S.A.M. Adshead disagrees; estimating that there were about 75 

million people by 750.  In the Tang census of the year 754, there were 

1,859 cities, 321 prefectures and 1,538 counties throughout the empire. 

Although there were many large and prominent cities during the Tang, the 

rural and agrarian areas comprised the majority of China's population at 

some 80 to 90%. There was also a dramatic migratory shift of the 

population from northern to southern China. 

Military and foreign policy 
 

Protectorates and tributaries 

The 7th century and first half of the 8th century is generally considered the 

zenith era of the Tang Dynasty.  Emperor Tang Xuanzong brought the Middle 

Kingdom to its golden age while the Silk Road thrived, with sway over 

Indochina in the south; and to the west Tang China was master of the 

Pamirs (modern-day Tajikistan) and protector of Kashmir bordering Persia.   

Some of the kingdoms paying tribute to the Tang Dynasty included Kashmir, 

Nepal, Khotan, Kucha, Kashgar, Japan, Korea, Champa or kingdoms located 

in Amu Darya and Syr Darya valley. Turkic nomads addressed the Emperor 

of Tang China as Tian Kehan. After the widespread Göktürk revolt of 

Shabolüe Khan (d. 658) was put down at Issyk Kul in 657 by Su Dingfang 

(591–667), Emperor Gaozong established several protectorates governed by 

a Protectorate General or Grand Protectorate General, which extended the 

Chinese sphere of influence as far as Herat in Western Afghanistan. 

Protectorate Generals were given a great deal of autonomy to handle local 

crises without waiting for central admission.  After Xuanzong's reign, military 

governors (jiedushi) were given enormous power, including the ability to 

maintain their own armies, collect taxes and pass their titles on hereditarily. 

This is commonly recognized as the beginning of the fall of Tang's central 

government.  

Soldiers and conscription 

By the year 737, Emperor Xuanzong discarded the policy of conscripting 

soldiers that were replaced every three years, replacing them with long-

service soldiers who were more battle-hardened and efficient.  It was more 

economically feasible as well, since training new recruits and sending them 

out to the frontier every three years drained the treasury.  By the late 7th 

century, the fubing troops began abandoning military service and the homes 

provided to them in the equal-field system. The supposed standard of 100 

mu of land allotted to each family was in fact decreasing in size in places 

where population expanded and the wealthy bought up most of the land. 
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Hard-pressed peasants and vagrants were then induced into military service 

with benefits of exemption from both taxation and corvée labor service; as 

well as provisions for farmland and dwellings for dependents who 

accompanied soldiers on the frontier.  By the year 742 the total number of 

enlisted troops in the Tang armies had risen to about 500,000 men.  

Turkic and Western regions 

The Sui and Tang carried out very successful military campaigns against the 

steppe nomads. Chinese foreign policy to the north and west now had to 

deal with Turkic nomads, who were becoming the most dominant ethnic 

group in Central Asia. To handle and avoid any threats posed by the Turks, 

the Sui government repaired fortifications and received their trade and 

tribute missions.   

They sent royal princesses off to marry Turkic clan leaders -- a total of four 

of them in 597, 599, 614 and 617. The Sui stirred trouble and conflict 

amongst ethnic groups against the Turks.  As early as the Sui Dynasty, the 

Turks had become a major militarized force employed by the Chinese. When 

the Khitans began raiding northeast China in 605, a Chinese general led 

20,000 Turks against them, distributing Khitan livestock and women to the 

Turks as a reward.  On two occasions between 635 to 636, Tang royal 

princesses were married to Turk mercenaries or generals in Chinese service.  

Throughout the Tang Dynasty until the end of 755, there were 

approximately ten Turkic generals serving under the Tang.   

While most of the Tang army was made of fubing Chinese conscripts, the 

majority of the troops led by Turkic generals were of non-Chinese origin, 

campaigning largely in the western frontier where the presence of fubing 

troops was low.  Some "Turkic" troops were nomadisized Han Chinese; a 

desinicized people.  Civil war in China was almost totally diminished by 626, 

along with the defeat in 628 of the Ordos Chinese warlord Liang Shidu; after 

these internal conflicts, the Tang began an offensive against the Turks.  In 

the year 630, Tang armies captured areas of the Ordos Desert, modern-day 

Inner Mongolia province and southern Mongolia from the Turks.  After this 

military victory, Emperor Taizong won the title of Great Khan amongst the 

various Turks in the region who pledged their allegiance to him and the 

Chinese empire (with several thousand Turks traveling into China to live at 

Chang'an).   
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On June 11, 631, Emperor Taizong also sent envoys to the Xueyantuo 

bearing gold and silk in order to persuade the release of enslaved Chinese 

prisoners who were captured during the transition from Sui to Tang from the 

northern frontier; this embassy succeeded in freeing 80,000 Chinese men 

and women who were then returned to China. While the Turks were settled 

in the Ordos region (former territory of the Xiongnu), the Tang government 

took on the military policy of dominating the central steppe. Like the earlier 

Han Dynasty, the Tang Dynasty (along with Turkic allies) conquered and 

subdued Central Asia during the 640s and 650s.  During Emperor Taizong's 

reign alone, large campaigns were launched against not only the Göktürks, 

but also separate campaigns against the Tuyuhun, the Tufan, the Xiyu states 

and the Xueyantuo.  

The Tang Empire competed with the Tibetan Empire for control of areas in 

Inner and Central Asia, which was at times settled with marriage alliances 

such as the marrying of Princess Wencheng (d. 680) to Songtsän Gampo (d. 

649).  A Tibetan tradition mentions that after Songtsän Gampo's death in 

649 A.D., Chinese troops captured Lhasa.  The Tibetan scholar Tsepon W. D. 

Shakabpa believes that the tradition is in error and that "those histories 

reporting the arrival of Chinese troops are not correct" and claims that the 

event is mentioned neither in the Chinese annals nor in the manuscripts of 

Dunhuang. There was a long string of conflicts with Tibet over territories in 

the Tarim Basin between 670–692 and in 763 the Tibetans even captured 

the capital of China, Chang'an, for fifteen days during the An Shi Rebellion.   

In fact, it was during this rebellion that the Tang withdrew its western 

garrisons stationed in what is now Gansu and Qinghai, which the Tibetans 

then occupied along with the territory of what is now Xinjiang.  Hostilities 

between the Tang and Tibet continued until they signed a formal peace 

treaty in 821.  The terms of this treaty, including the fixed borders between 

the two countries, are recorded in a bilingual inscription on a stone pillar 

outside the Jokhang temple in Lhasa.  During the Islamic conquest of Persia 

(633–656), the son of the last ruler of the Sassanid Empire, Prince Pirooz, 

fled to Tang China.  According to the Book of Tang, Pirooz was made the 

head of a Governorate of Persia in what is now Zaranj, Afghanistan. During 

this conquest of Persia, the Islamic Caliph Uthman Ibn Affan (r. 644–656) 

sent an embassy to the Tang court at Chang'an.   

By the 740s, the Arabs of Khurasan had established a presence in the 

Ferghana basin and in Sogdiana. At the Battle of Talas in 751, Qarluq 
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mercenaries under the Chinese defected, helping the Arab armies of the 

Islamic Caliphate to defeat the Tang force under commander Go Seonji (d. 

756, also known as Gao Xianzhi, a general of Goguryeo descent). Although 

the battle itself was not of the greatest significance militarily, this was a 

pivotal moment in history; it marks the spread of Chinese papermaking into 

regions west of China as captured Chinese soldiers revealed secrets of 

Chinese papermaking to the Arabs. These techniques ultimately reached 

Europe by the 12th century through Arab-controlled Spain.  

Although they had fought at Talas, on June 11, 758, an Abbasid embassy 

arrived at Chang'an simultaneously with the Uyghur Turks bearing gifts for 

the Tang Emperor.  From even further west, a tribute embassy came to the 

court of Taizong in 643 from the Patriarch of Antioch.  In 788-9 the Chinese 

concluded a military alliance with the Uighur Turks who twice defeated the 

Tibetans; in 789 near the town of Kuch'eng in Jungharia and in 791 near 

Ning-hsia on the Yellow River.  

Korea and Japan 

In the east, the Chinese military campaigns were less successful than 

elsewhere. Like the emperors of the Sui Dynasty before him, Taizong 

established a military campaign in 644 against the Korean kingdom of 

Goguryeo in the Goguryeo-Tang War; however, this led to its withdrawal in 

the first campaign because they failed to overcome the successful defense 

led by General Yeon Gaesomun.  Allying with the Korean Silla Kingdom, the 

Chinese fought against Baekje and their Yamato Japanese allies in the Battle 

of Baekgang in August 663; a decisive Tang–Silla victory.  The Tang Dynasty 

navy had several different ship types at its disposal to engage in naval 

warfare, these ships described by Li Quan in his Taipai Yinjing (Canon of the 

White and Gloomy Planet of War) of 759.  

The Battle of Baekgang was actually a restoration movement by remnant 

forces of Baekje, since their kingdom was toppled in 660 by a joint Tang–

Silla invasion, led by notable Korean general Kim Yushin (595–673) and 

Chinese general Su Dingfang. In another joint invasion of the Goguryeo 

Kingdom with Silla, the Tang army severely weakened the kingdom in the 

north by taking out its outer forts in the year 645.  

With joint attacks by Silla and Tang armies under commander Li Shiji (594–

669), the Kingdom of Goguryeo was destroyed by 668. Although they were 

formerly enemies, the Tang accepted officials and generals of Goguryeo into 
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their administration and military, such as the brothers Yeon Namsaeng 

(634–679) and Yeon Namsan (639–701). From 668 to 676, the Tang Empire 

would control northern Korea. However, in 671 Silla began fighting the Tang 

forces there. At the same time the Tang faced threats on its western border 

when a large Chinese army was defeated by the Tibetans on the Dafei River 

in 670.  By 676, the Tang army was driven out of Korea by Unified Silla.  

Following a revolt of the Eastern Turks in 679, the Tang abandoned its 

Korean campaigns. Although the Tang had fought the Japanese, they still 

held cordial relations with Japan.  

There were numerous Imperial embassies to China from Japan, diplomatic 

missions that were not halted until 894 by Emperor Uda (r. 887–897), upon 

persuasion by Sugawara no Michizane (845–903).  The Japanese Emperor 

Temmu (r. 672–686) even established his conscripted army on that of the 

Chinese model, his state ceremonies on the Chinese model and constructed 

his palace at Fujiwara on the Chinese model of architecture.  Many Chinese 

Buddhist monks came to Japan to help further the spread of Buddhism as 

well. Two 7th century monks in particular, Zhi Yu and Zhi You, visited the 

court of Emperor Tenji (r. 661–672); whereupon they presented a gift of a 

South Pointing Chariot that they had crafted.  

This 3rd century mechanically driven, directional compass vehicle 

(employing a differential gear) was again reproduced in several models for 

Tenji in 666, as recorded in the Nihon Shoki of 720.  Japanese monks also 

visited China; such was the case with Ennin (794–864), who wrote of his 

travel experiences including travels along China‘s Grand Canal. The Japanese 

monk Enchin (814–891) stayed in China from 839 to 847 and again from 

853 to 858, landing near Fuzhou, Fujian and setting sail for Japan from 

Taizhou, Zhejiang during his second trip to China.  

Trade and spread of culture  

Through use of the land trade along the Silk Road and maritime trade by sail 

at sea, the Tang were able to gain many new technologies, cultural 

practices, rare luxury and contemporary items. From the Middle East, India, 

Persia and Central Asia the Tang were able to acquire new ideas in fashion, 

new types of ceramics  and improved silver-smithing.  The Chinese also 

gradually adopted the foreign concept of stools and chairs as seating; 

whereas the Chinese beforehand always sat on mats placed on the floor. To 

the Middle East, the Islamic world coveted and purchased in bulk Chinese 

goods such as silks, lacquer wares and porcelain wares.   
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Songs, dances and musical instruments from foreign regions became popular 

in China during the Tang Dynasty.  These musical instruments included: 

oboes, flutes, small lacquered drums from Kucha in the Tarim Basin and 

percussion instruments from India such as cymbals.  At the court there were 

nine musical ensembles (expanded from seven in the Sui Dynasty) 

representing music from throughout Asia. There was great contact and 

interest in India as a hub for Buddhist knowledge, with famous travelers 

such as Xuanzang (d. 664) visiting the South Asian subcontinent. After a 17-

year long trip, Xuanzang managed to bring back valuable Sanskrit texts to 

be translated into Chinese.  

There was also a Turkic–Chinese dictionary available for serious scholars and 

students, while Turkic folksongs gave inspiration to some Chinese poetry.  In 

the interior of China, trade was facilitated by the Grand Canal and the Tang 

government's rationalization of the greater canal system that reduced costs 

of transporting grain and other commodities. The state also managed 

roughly 32,100 km (19,900 mi) of postal service routes by horse or boat.  

Silk Road 

The Silk Road was the most important pre-modern Eurasian trade route. 

During this period of the Pax Sinica, the Silk Road reached its golden age 

whereby Persian and Sogdian merchants benefited from the commerce 

between East and West. At the same time, the Chinese empire welcomed 

foreign cultures making it very cosmopolitan in its urban centers. Although 

the Silk Road from China to the West was initially formulated during the 

reign of Emperor Wu of Han (141–87 B.C.), it was reopened by the Tang in 

639 when Hou Junji (d. 643) conquered the West and remained open for 

almost four decades.  It was closed after the Tibetans captured it in 678, but 

in 699, during Empress Wu's period, the Silk Road reopened when the Tang 

re-conquered the Four Garrisons of Anxi originally installed in 640, once 

again connecting China directly to the West for land-based trade.   

The Tang captured the vital route through the Gilgit Valley from Tibet in 722, 

lost it to the Tibetans in 737 and regained it under the command of the 

Goguryeo-Korean General Gao Xianzhi.  After the An Shi Rebellion ended in 

763, the Tang Empire had once again lost control over many of its outer 

western lands, as the Tibetan Empire largely cut off China's direct access to 

the Silk Road.  An internal rebellion in 848 ousted the Tibetan rulers, while 

Tang China regained its western territories from Tibet in 851, which 

contained crucial grazing areas and pastures for raising horses that the Tang 
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Dynasty desperately needed.  Despite the many western travelers coming 

into China to live and trade, many travelers (mainly religious monks) 

recorded the strict border laws that the Chinese enforced.  As the monk 

Xuanzang and many other monk travelers attested to, there were many 

Chinese government checkpoints along the Silk Road that examined travel 

permits into the Tang Empire.   

Furthermore, banditry was a problem along the checkpoints and oasis towns, 

as Xuanzang also recorded that his group of travelers were assaulted by 

bandits on multiple occasions. The Silk Road also had an impact on Tang 

Dynasty art. Horses became a significant symbol of prosperity and power as 

well as an instrument of military and diplomatic policy. Horses were also 

revered as a relative of the dragon.  

Seaports and maritime trade 

Chinese envoys had been sailing through the Indian Ocean to India since 

perhaps the 2nd century B.C., yet it was during the Tang Dynasty that a 

strong Chinese maritime presence could be found in the Persian Gulf and 

Red Sea, into Persia, Mesopotamia (sailing up the Euphrates River in 

modern-day Iraq), Arabia, Egypt, Aksum (Ethiopia) and Somalia in the Horn 

of Africa.  From the same Quraysh tribe of Muhammad, Sa'd ibn Abi-Waqqas 

sailed from Ethiopia to China during the reign of Emperor Gaozu. He later 

traveled back to China with a copy of the Quran; establishing China's first 

mosque (the Mosque of Remembrance) during the reign of Emperor 

Gaozong.  To this day he is still buried in a Muslim cemetery at Guangzhou. 

During the Tang Dynasty, thousands of foreigners came and lived in 

numerous Chinese cities for trade and commercial ties with China including: 

Persians, Arabs, Hindus, Malays, Sinhalese, Khmers, Chams, Jews and 

Nestorian Christians of the Near East, and many others.  In 748, the 

Buddhist monk Jian Zhen described Guangzhou as a bustling mercantile 

center where many large and impressive foreign ships came to dock.  He 

wrote that "many big ships came from Borneo, Persia, Qunglun 

(Indonesia/Java)...with...spices, pearls and jade piled up mountain high", as 

written in the Yue Jue Shu (Lost Records of the State of Yue).  

After Arab and Persian pirates burned and looted Guangzhou in 758, the 

Tang government reacted by shutting the port down for roughly five decades 

-- as foreign vessels docked at Hanoi instead. However, when the port 

reopened it continued to thrive.  In 851 the Arab merchant Suleiman al-Tajir 
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observed the manufacturing of Chinese porcelain in Guangzhou and admired 

its transparent quality. He also provided a description of Guangzhou's 

mosque, its granaries, its local government administration, some of its 

written records and the treatment of travelers; along with the use of 

ceramics, rice-wine and tea. However, in another bloody episode at 

Guangzhou in 879, the Chinese rebel Huang Chao sacked the city and 

purportedly slaughtered thousands of native Chinese (along with foreign 

Jews, Christians and Muslims in the process). Huang's rebellion was 

eventually suppressed in 884. 

Vessels from Korean Silla, Balhae and Hizen Province of Japan were all 

involved in the Yellow Sea trade; which Silla dominated.  After Silla and 

Japan reopened renewed hostilities in the late 7th century, most Japanese 

maritime merchants chose to set sail from Nagasaki towards the mouth of 

the Huai River, the Yangzi River and even as far south as the Hangzhou Bay; 

to avoid Korean ships in the Yellow Sea. In order to sail back to Japan in 

838, the Japanese embassy to China procured nine ships and sixty Korean 

sailors from the Korean wards of Chuzhou and Lianshui cities along the Huai 

River.  It is also known that Chinese trade ships traveling to Japan set sail 

from the various ports along the coasts of Zhejiang and Fujian provinces.  

The Chinese engaged in large-scale production for overseas export by at 

least the time of the Tang.  This was proven by the discovery of the Belitung 

shipwreck, a silt-preserved shipwrecked Arabian dhow in the Gaspar Strait 

near Belitung, which had 63,000 pieces of Tang ceramics, silver and gold 

(including a Changsha bowl inscribed with a date: "16th day of the seventh 

month of the second year of the Baoli reign", or 826 A.D., roughly confirmed 

by radiocarbon dating of star anise at the wreck).  

Beginning in 785, the Chinese began to call regularly at Sufala on the East 

African coast in order to cut out Arab middlemen; with various contemporary 

Chinese sources giving detailed descriptions of trade in Africa. The official 

and geographer Jia Dan (730–805) wrote of two common sea trade routes in 

his day: one from the coast of the Bohai Sea towards Korea and another 

from Guangzhou through Malacca towards the Nicobar Islands; Sri Lanka 

and India; the eastern and northern shores of the Arabian Sea to the 

Euphrates River.  

In 863 the Chinese author Duan Chengshi (d. 863) provided a detailed 

description of the slave trade, ivory trade and ambergris trade in a country 
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called Bobali; which historians suggest was Berbera in Somalia.  In Fustat 

(old Cairo) Egypt, the fame of Chinese ceramics there led to an enormous 

demand for Chinese goods; hence Chinese often traveled there (this 

continued into later periods such as Fatimid Egypt).  From this time period, 

the Arab merchant Shulama once wrote of his admiration for Chinese 

seafaring junks, but noted that their draft was too deep for them to enter 

the Euphrates River; which forced them to ferry passengers and cargo in 

small boats. Shulama also noted that Chinese ships were often very large; 

with capacities up to 600–700 passengers.  

Empress Wu and Emperor Xuanzong 
Usurpation of Wu Zetian 

Although she entered Emperor Gaozong's court as the lowly consort Wu 

Zhao, Wu Zetian rose to the highest seat of power in 690; establishing the 

short-lived Later Zhou Dynasty. Empress Wu's rise to power was achieved 

through cruel and calculating tactics -- popular conspiracy theory stated that 

she killed her own baby girl and blamed it on Gaozong's empress so that the 

empress would be demoted.   

Emperor Gaozong suffered a stroke in 655 and Wu began to make many of 

his court decisions for him; discussing affairs of state with his councilors 

(who took orders from her while she sat behind a screen).  When Empress 

Wu's eldest son, the crown prince, began to assert his authority and 

advocate policies opposed by Empress Wu, he suddenly died in 675.  Many 

suspected he was poisoned by Empress Wu.  Although the next heir 

apparent kept a lower profile, in 680 he was accused by Wu of plotting a 

rebellion, banished and later forced to commit suicide. In 683, Emperor 

Gaozong died.  

He was succeeded by Emperor Zhongzong, his eldest surviving son by Wu. 

Zhongzong tried to appoint his wife's father as chancellor: after only six 

weeks on the throne, he was deposed by Empress Wu in favor of his 

younger brother, 12 year old Emperor Ruizong.  Wu was the real power. This 

provoked a group of Tang princes to rebel in 684. Wu's armies suppressed 

them within two months.  In 690, she forced Ruizong to step down from the 

throne. She became China's first female emperor while Ruizong became 

crown prince. She ruled until 705, when a palace coup forced her to abdicate 

in favor of Zhongzong and died soon after.   

To legitimize her rule, she circulated a document known as the Great Cloud 

Sutra, which predicted that a reincarnation of the Maitreya Buddha would be 
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a female monarch who would dispel illness, worry and disaster from the 

world. She even introduced numerous revised written characters to the 

written language; which reverted back to the originals after her death. 

Arguably the most important part of her legacy was diminishing the power of 

the northwest aristocracy; allowing people from other clans and regions of 

China to become more represented in Chinese politics and government.  

Rise of Xuanzong 

There were many prominent women at court during and after Wu's reign, 

including Shangguan Wan'er (664–710), a female poet, writer and trusted 

official in charge of Wu's private office. In 706 the wife of Emperor 

Zhongzong of Tang, Empress Wei (d. 710), convinced her husband to staff 

government offices with his sister and her daughters and, in 709, requested 

that he grant women the right to bequeath hereditary privileges to their 

sons (which before was a male right only).   

Empress Wei eventually poisoned Zhongzong, whereupon she placed his 

fifteen year old son upon the throne in 710.  Two weeks later, Li Longji (the 

later Emperor Xuanzong) entered the palace with a few followers and slew 

Empress Wei and her faction.  He then installed his father Emperor Ruizong 

(r. 710–712) on the throne.  Just as Emperor Zhongzong was dominated by 

Empress Wei, so too was Ruizong dominated by Princess Taiping.   

This was finally ended when Princess Taiping's coup failed in 712 (she later 

hung herself in 713) and Emperor Ruizong abdicated to Emperor Xuanzong. 

During the 44-year reign of Emperor Xuanzong, the Tang Dynasty was 

brought to its height: a golden age; a period of low economic inflation; as 

well as a toning down of the excessively lavish lifestyle of the imperial court.   

Seen as a progressive and benevolent ruler, Xuanzong even abolished the 

death penalty in the year 747 and all executions had to be approved 

beforehand by the emperor himself (which was relatively few, considering 

that there were only 24 executions in the year 730 alone).  Xuanzong bowed 

to the consensus of his ministers on policy decisions and made efforts to 

fairly staff government ministries with different political factions.  

His staunch Confucian chancellor Zhang Jiuling (673–740) worked to reduce 

deflation and increase the money supply by upholding the use of private 

coinage; although his aristocratic and technocratic successor Li Linfu (d. 

753) favored government monopoly over the issuance of coinage.  After 737 

most of Xuanzong's confidence rested in his long-standing chancellor Li 
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Linfu; who championed a more aggressive foreign policy employing non-

Chinese generals.  This policy ultimately created the conditions for a massive 

rebellion against Xuanzong.  

Decline 
An Shi Rebellion and catastrophe (An Lushan Rebellion) 

The Tang Empire was at its height of power up until the middle of the 8th 

century, when the An Shi Rebellion (December 16, 755 – February 17, 763) 

destroyed the prosperity of the empire. An Lushan was a half-Sogdian / half-

TurkTang commander who had experience fighting the Khitans of Manchuria 

(with a victory in 744), yet most of his campaigns against the Khitans were 

unsuccessful.  He was given great responsibility in Hebei; which allowed him 

to rebel with an army of more than one hundred thousand troops.  After 

capturing Luoyang, he named himself emperor of a new, but short-lived, Yan 

state. Despite early victories scored by Tang General Guo Ziyi (697–781), 

the newly recruited troops of the army at the capital were no match for An 

Lushan's die-hard frontier veterans, so the court fled Chang'an.  While the 

heir apparent raised troops in Shanxi and Xuanzong fled to Sichuan 

province, they called upon the help of the Uyghur Turks in 756.  The Uyghur 

khan Moyanchur was greatly excited at this prospect and married his own 

daughter to the Chinese diplomatic envoy once he arrived; receiving in turn 

a Chinese princess as his bride.  

The Uyghurs helped recapture the Tang capital from the rebels, but they 

refused to leave until the Tang paid them an enormous sum of tribute in silk.  

Even Abbasid Arabs assisted the Tang in putting down An Lushan's rebellion. 

The Tibetans took hold of the opportunity and raided many areas under 

Chinese control and even after the Tibetan Empire had fallen apart in 842 

(and the Uyghurs soon after) the Tang were in no position to re-conquer 

Central Asia after 763. So significant was this loss that half a century later 

jinshi examination candidates were required to write an essay on the causes 

of the Tang's decline.  Although An Lushan was killed by one of his eunuchs 

in 757, this time of troubles and widespread insurrection continued until 

rebel Shi Siming was killed by his own son in 763.  

One of the legacies that the Tang government left since 710 was the gradual 

rise of regional military governors, the jiedushi, who slowly came to 

challenge the power of the central government.  After the An Shi Rebellion, 

the autonomous power and authority accumulated by the jiedushi in Hebei 

went beyond the central government's control. After a series of rebellions 
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between 781 and 784 in today's Hebei, Shandong, Hubei and Henan 

provinces, the government had to officially acknowledge the jiedushi's 

hereditary ruling without accreditation.   

The Tang government relied on these governors and their armies for 

protection and to suppress locals that would take up arms against the 

government. In return, the central government would acknowledge the 

rights of these governors to maintain their army, collect taxes and even to 

pass on their title to heirs. As time passed, these military governors slowly 

phased out the prominence of civil officials drafted by exams and became 

more autonomous from central authority. The rule of these powerful military 

governors lasted until 960, when a new civil order under the Song Dynasty 

was established.  Also, the abandonment of the equal-field system meant 

that people could buy and sell land freely. Many poor fell into debt because 

of this, forced to sell their land to the wealthy, which led to the exponential 

growth of large estates.  With the breakdown of the land allocation system 

after 755, the central Chinese state barely interfered in agricultural 

management and acted merely as tax collector for roughly a millennium; 

save a few instances such as the Song's failed land nationalization during the 

13th century war with the Mongols.  

With the central government collapsing in authority over the various regions 

of the empire, it was recorded in 845 that bandits and river pirates in parties 

of 100 or more began plundering settlements along the Yangtze River with 

little resistance.  In 858, enormous floods along the Grand Canal inundated 

vast tracts of land and terrain of the North China Plain, which drowned tens 

of thousands of people in the process. The Chinese belief in the Mandate of 

Heaven granted to the ailing Tang was also challenged when natural 

calamities occurred; forcing many to believe the Heavens were displeased 

and that the Tang had lost their right to rule.  

Then in 873 a disastrous harvest shook the foundations of the empire. In 

some areas only half of all agricultural produce was gathered and tens of 

thousands faced famine and starvation.  In the earlier period of the Tang, 

the central government was able to meet crises in the harvest, as it was 

recorded from 714–719 that the Tang government responded effectively to 

natural disasters by extending the price-regulation granary system 

throughout the country. The central government was able then to build a 

large surplus stock of foods to ward off the rising danger of famine and 

increased agricultural productivity through land reclamation. In the 9th 
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century, however, the Tang government was nearly helpless in dealing with 

any calamity. 

Rebuilding and recovery 

Although these natural calamities and rebellions stained the reputation and 

hampered the effectiveness of the central government, the early 9th century 

is nonetheless viewed as a period of recovery for the Tang Dynasty.  The 

government's withdrawal from its role in managing the economy had the 

unintended effect of stimulating trade; as more markets with less 

bureaucratic restrictions were opened up.  By 780, the old grain tax and 

labor service of the 7th century was replaced by a semiannual tax paid in 

cash; signifying the shift to a money economy bolstered by the merchant 

class.  Cities in the Jiangnan region to the south, such as Yangzhou, Suzhou 

and Hangzhou prospered the most economically during the late Tang period.  

Although weakened after the An Shi Rebellion, in 799 the Tang 

government's salt monopoly accounted for over half of the government's 

revenues while the salt commission became one of the most powerful state 

agencies; run by capable ministers chosen as specialists in finance.   

S.A.M. Adshead writes that this salt tax represents "the first time that an 

indirect tax, rather than tribute, levies on land or people, or profit from state 

enterprises such as mines, had been the primary resource of a major state."  

Even after the power of the central government was in decline since the mid 

8th century, it was still able to function and give out imperial orders on a 

massive scale. The Tangshu (Book of Tang) compiled in the year 945 

recorded that in 828 the Tang government issued a decree that standardized 

irrigational square-pallet chain pumps in the country: 

“In the second year of the Taihe reign period [828 

AD], in the second month...a standard model of 

the chain pump was issued from the palace, and 

the people of Jingzhao Fu (footnote: the capital) 

were ordered by the emperor to make a 

considerable number of machines for distribution 

to the people along the Zheng Bai Canal for 

irrigation purposes.” 

The last great ambitious ruler of the Tang Dynasty was Emperor Xianzong of 

Tang (r. 805–820), his reign period aided by the fiscal reforms of the 780s, 

including the government monopoly on the salt industry.  He also had an 

effective well trained imperial army stationed at the capital led by his court 

eunuchs -- this was the ‗Army of Divine Strategy‘; numbering 240,000 in 
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strength as recorded in 798. Between the years 806 and 819, Emperor 

Xianzong conducted seven major military campaigns to quell the rebellious 

provinces that had claimed autonomy from central authority; managing to 

subdue all but two of them.  

Under his reign there was a brief end to the hereditary jiedushi; as Xianzong 

appointed his own military officers and staffed the regional bureaucracies 

once again with civil officials. However, Xianzong's successors proved less 

capable and more interested in the leisure of hunting, feasting and playing 

outdoor sports -- allowing eunuchs to amass more power as drafted scholar-

officials caused strife in the bureaucracy with factional parties.  The eunuchs' 

power became unchallenged after Emperor Wenzong of Tang's (r. 826–840) 

failed plot to have them overthrown; instead the allies of Emperor Wenzong 

were publicly executed in the West Market of Chang'an by the eunuchs' 

command.  

Collapse 

In addition to natural calamities and jiedushi amassing autonomous control, 

the Huang Chao Rebellion (874–884) resulted in the sacking of both 

Chang'an and Luoyang, and took an entire decade to suppress.  Although 

the rebellion was defeated by the Tang, it never recovered from that crucial 

blow, weakening it for the future military powers to take over. There were 

also large groups of bandits, in the size of small armies, that ravaged the 

countryside in the last years of the Tang who smuggled illicit salt, ambushed 

merchants or convoys and even besieged several walled cities. Zhu Wen, 

originally a salt smuggler who had served under the rebel Huang, 

surrendered to Tang forces.   

By helping to defeat Huang, he was granted a series of rapid military 

promotions.  In 907 the Tang Dynasty was ended when Zhu Wen, now a 

military governor, deposed the last emperor of Tang, Emperor Ai of Tang, 

and took the throne for himself (known posthumously as Emperor Taizu of 

Later Liang).  He established the Later Liang Dynasty, which inaugurated the 

Five Dynasties and Ten Kingdoms Period. A year later, the deposed Emperor 

Ai was poisoned to death by Zhu Wen. Although cast in a negative light by 

many for usurping power from the Tang, Zhu Wen turned out to be a skilled 

administrator. Emperor Taizu of Later Liang was also responsible for the 

building of a large sea-wall, new walls and roads for the burgeoning city of 

Hangzhou (which would later become the capital of the Southern Song 

Dynasty).  
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Society and culture 
Both the Sui and Tang Dynasties had turned away from the more feudal 

culture of the preceding Northern Dynasties in favor of staunch civil 

Confucianism. The governmental system was supported by a large class of 

Confucian intellectuals selected through either civil service examinations or 

recommendations. In the Tang period, Daoism and Buddhism reigned as 

core ideologies as well and played a large role in people's daily lives. The 

Tang Chinese enjoyed feasting, drinking, holidays, sports and all sorts of 

entertainment while Chinese literature blossomed and was more widely 

accessible with new printing methods. 

Leisure in the Tang 

Much more than earlier periods, the Tang era was an era renowned for its 

time reserved for leisure activity, especially for those in the upper classes.  

Many outdoor sports and activities were enjoyed during the Tang, including 

archery, hunting, horse polo, cuju football, cockfighting and even tug-of-

war. Government officials were granted vacations during their tenure in 

office. Officials were granted 30 days off every three years to visit their 

parents if they lived 1,000 miles  away, or 15 days off if the parents lived 

more than 167 miles  away (travel time not included). Officials were granted 

nine days of vacation time for weddings of a son or daughter and either five, 

three, or one days/day off for the nuptials of close relatives (travel time not 

included). Officials also received a total of three days off for their son's 

capping initiation rite into manhood and one day off for the ceremony of 

initiation rite of a close relative's son.  

Traditional Chinese holidays such as Chinese New Year, Lantern Festival, 

Cold Food Festival, and others were universal holidays.  In the capital city of 

Chang'an there was always lively celebration, especially for the Lantern 

Festival since the city's nighttime curfew was lifted by the government for 

three days straight.  Between the years 628 and 758, the imperial throne 

bestowed a total of sixty-nine grand carnivals nationwide; granted by the 

emperor in the case of special circumstances such as important military 

victories, abundant harvests after a long drought or famine the granting of 

amnesties, the installment of a new crown prince, etc.. For special 

celebration in the Tang era, lavish and gargantuan-sized feasts were 

sometimes prepared, as the imperial court had staffed agencies to prepare 

the meals.  This included a prepared feast for 1,100 elders of Chang'an in 

664; a feast for 3,500 officers of the Divine Strategy Army in 768 and a 

feast for 1,200 women of the palace with members of the imperial family in 
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the year 826.  Drinking wine and alcoholic beverages was heavily ingrained 

into Chinese culture, as people drank for nearly every social event.  A court 

official in the 8th century allegedly had a serpentine-shaped structure called 

the 'Ale Grotto' built with 50,000 bricks on the ground floor that each 

featured a bowl from which his friends could drink.  

Chang'an, the Tang capital 

Although Chang'an was the site for the capital of the earlier Han and Jin 

dynasties, after subsequent destruction in warfare, it was the Sui Dynasty 

model that comprised the Tang era capital. The roughly square dimensions 

of the city had six miles (10 km) of outer walls running east to west, and 

more than five miles (8 km) of outer walls running north to south. The royal 

palace, the Taiji Palace, stood north of the city's central axis.  From the large 

Mingde Gates located mid-center of the main southern wall, a wide city 

avenue stretched from there all the way north to the central administrative 

city; behind which was the Chentian Gate of the royal palace, or Imperial 

City. Intersecting this were fourteen main streets running east to west, while 

eleven main streets ran north to south.  These main intersecting roads 

formed 108 rectangular wards with walls and four gates each and each ward 

filled with multiple city blocks. The city was made famous for this 

checkerboard pattern of main roads with walled and gated districts; its 

layout even mentioned in one of Du Fu's poems.   

During the Heian period, the city of Heian kyō (present-day Kyoto) of Japan 

like many cities was arranged in the checkerboard street grid pattern of the 

Tang capital and in accordance with traditional geomancy following the 

model of Chang'an.  Of these 108 wards in Chang'an, two of them (each the 

size of two regular city wards) were designated as government-supervised 

markets, and other space reserved for temples, gardens, ponds, et cetera. 

Throughout the entire city, there were 111 Buddhist monasteries, 41 Daoist 

abbeys, 38 family shrines, 2 official temples, 7 churches of foreign religions, 

10 city wards with provincial transmission offices, 12 major inns and 6 

graveyards.   

Some city wards were literally filled with open public playing fields or the 

backyards of lavish mansions for playing horse polo and cuju football.   In 

662, Emperor Gaozong moved the imperial court to the Daming Palace, 

which became the political center of the empire and served as the royal 

residence of the Tang emperors for more than 220 years. The Tang capital 

was the largest city in the world at its time, the population of the city wards 
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and its suburban countryside reaching 2 million inhabitants.  The Tang 

capital was very cosmopolitan; with ethnicities of Persia, Central Asia, Japan, 

Korea, Vietnam Tibet, India and many other places living within.  Naturally, 

with this plethora of different ethnicities living in Chang'an, there were also 

many different practiced religions, such as Buddhism, Nestorian Christianity, 

Manichaeism, Zoroastrianism, Judaism and Islam being practiced within.   

With widely open access to China that the Silk Road to the west facilitated, 

many foreign settlers were able to move east to China, while the city of 

Chang'an itself had about 25,000 foreigners living within.  Exotic green-

eyed, blond-haired Tocharian ladies serving wine in agate and amber cups; 

singing; and dancing at taverns attracted customers.  If a foreigner in China 

pursued a Chinese woman for marriage, he was required to stay in China 

and was unable to take his bride back to his homeland; as stated in a law 

passed in 628, to protect women from temporary marriages with foreign 

envoys. Several laws enforcing segregation of foreigners from Chinese were 

passed during the Tang dynasty. In 779 the Tang dynasty issued an edict 

which forced Uighurs in the capital, Chang'an, to wear their ethnic dress, 

stopped them from marrying Chinese females and banned them from 

passing off as Chinese.  Chang'an was the center of the central government, 

the home of the imperial family, and was filled with splendor and wealth. 

However, incidentally it was not the economic hub during the Tang Dynasty. 

The city of Yangzhou along the Grand Canal and close to the Yangtze River 

was the greatest economic center during the Tang era.  

Yangzhou was the headquarters for the Tang's government monopoly (as in 

modern PRC State-Owned Enterprises; SOEs) on salt and the greatest 

industrial center of China.  It acted as a midpoint in shipping of foreign 

goods that would be organized and distributed to the major cities of the 

north.  Much like the seaport of Guangzhou in the south, Yangzhou boasted 

thousands of foreign traders from all across Asia. There was also the 

secondary capital city of Luoyang; which was the favored capital of the two 

by Empress Wu.  In the year 691 she had more than 100,000 families (more 

than 500,000 people) from around the region of Chang'an move to populate 

Luoyang instead.   

With a population of about a million, Luoyang became the second largest 

capital in the empire and with its close proximity to the Luo River, it 

benefited from southern agricultural fertility and trade traffic of the Grand 

Canal.   
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However, the Tang court eventually demoted its capital status and did not 

visit Luoyang after the year 743, when Chang'an's problem of acquiring 

adequate supplies and stores for the year was solved.  As early as 736, 

granaries were built at critical points along the route from Yangzhou to 

Chang'an, which eliminated shipment delays, spoilage and pilfering.  An 

artificial lake used as a trans-shipment pool was dredged east of Chang'an in 

743, where curious northerners could finally see the array of boats found in 

southern China delivering tax and tribute items to the imperial court.  

Literature 

The Tang period was a golden age of Chinese literature and art. There are 

over 48,900 poems penned by some 2,200 Tang authors that have survived 

until modern times.  Perfecting one's skills in the composition of poetry 

became a required study for those wishing to pass imperial examinations, 

while poetry was also heavily competitive; poetry contests amongst 

esteemed guests at banquets and courtiers of elite social gatherings was 

common in the Tang period. Poetry styles that were popular in the Tang 

included gushi and jintishi; with the renowned Tang poet Li Bai (701–762) 

famous for the former style while Tang poets like Wang Wei (701–761) and 

Cui Hao (704–754) were famous for their use of the latter.  

Jintishi poetry, or regulated verse, is in the form of eight-line stanzas or 

seven characters per line with a fixed pattern of tones that required the 

second and third couplets to be antithetical (although the antithesis is often 

lost in translation to other languages).  Tang poems in particular remain the 

most popular out of every historical era of China.  

This great emulation of Tang era poetry began in the Song Dynasty; in that 

period, Yan Yu (嚴羽; active 1194–1245) asserted that he was the first to 

designate the poetry of the High Tang (c. 713–766) era as the orthodox 

material with "canonical status within the classical poetic tradition." Yan Yu 

reserved the position of highest esteem among all Tang poets for Du Fu 

(712–770); who was not viewed as such in his own era and was branded by 

his peers as an anti-traditional rebel.   

There were other important literary forms besides poetry during the Tang 

period. There was Duan Chengshi's (d. 863) Miscellaneous Morsels from 

Youyang (an entertaining collection of foreign legends and hearsay), reports 

on natural phenomena, short anecdotes, mythical or mundane tales and 

notes on various subjects. The exact literary category or classification that 
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Duan's large informal narrative would fit into is still debated amongst 

scholars and historians. Short story fiction and tales were also popular 

during the Tang, one of the more famous ones being Yingying's Biography 

by Yuan Zhen (779–831), which was widely circulated in his own time and 

by the Yuan Dynasty (1279–1368) became the basis for plays in Chinese 

opera.  Timothy C. Wong places this story within the wider context of Tang 

love tales which often share the plot designs of quick passion; inescapable 

societal pressure leading to the abandonment of romance; followed by a 

period of melancholy.  

Wong states that this scheme lacks the undying vows and total self-

commitment to love found in Western romances such as Romeo and Juliet, 

but that underlying traditional Chinese values of inseparableness of self from 

one's environment (including human society) served to create the necessary 

fictional device of romantic tension. There were large encyclopedias 

published in the Tang. The Yiwen Leiju encyclopedia was compiled in 624 by 

the chief editor Ouyang Xun (557–641) as well as Linghu Defen (582–666) 

and Chen Shuda (d. 635). The encyclopedia Treatise on Astrology of the 

Kaiyuan Era was fully compiled in 729 by Gautama Siddha (fl. 8th century); 

an ethnic Indian astronomer, astrologer and scholar born in the capital 

Chang'an. 

Chinese geographers such as Jia Dan wrote accurate descriptions of places 

far abroad. In his work written between 785 and 805, he described the sea 

route going into the mouth of the Persian Gulf and that the medieval 

Iranians (whom he called the people of Luo-He-Yi) had erected 'ornamental 

pillars' in the sea that acted as light-house beacons for ships that might go 

astray.  Confirming Jia's reports about lighthouses in the Persian Gulf, Arabic 

writers a century after Jia wrote of the same structures, writers such as al-

Mas'udi and al-Muqaddasi. The Tang Dynasty Chinese diplomat Wang 

Xuance traveled to Magadha (modern northeastern India) during the 7th 

century.  Afterwards he wrote the book Zhang Tianzhu Guotu (Illustrated 

Accounts of Central India) which included a wealth of geographical 

information.  

Many histories of previous dynasties were compiled between 636 and 659 by 

court officials during and shortly after the reign of Emperor Taizong of Tang. 

These included the Book of Liang, Book of Chen, Book of Northern Qi, Book 

of Zhou, Book of Sui, Book of Jin, History of Northern Dynasties and the 

History of Southern Dynasties.   Although not included in the official Twenty-
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Four Histories, the Tongdian and Tang Huiyao were nonetheless valuable 

written historical works of the Tang period. The Shitong written by Liu Zhiji 

in 710 was a meta-history; as it covered the history of Chinese 

historiography in past centuries until his time. The Great Tang Records on 

the Western Regions, compiled by Bianji, recounted the journey of 

Xuanzang, the Tang era's most renowned Buddhist monk. 

The Classical Prose Movement was spurred large in part by the writings of 

Tang authors Liu Zongyuan (773–819) and Han Yu (768–824). This new 

prose style broke away from the poetry tradition of the 'piantiwen' style 

begun in the ancient Han Dynasty. Although writers of the Classical Prose 

Movement imitated 'piantiwen', they criticized it for its often vague content 

and lack of colloquial language, focusing more on clarity and precision to 

make their writing more direct. This guwen (archaic prose) style can be 

traced back to Han Yu and would become largely associated with orthodox 

Neo-Confucianism.  

Religion and philosophy 

Since ancient times, the Chinese believed in a folk religion that incorporated 

many deities. The Chinese believed that the afterlife was a reality parallel to 

the living world, complete with its own bureaucracy and afterlife currency 

needed by dead ancestors. Funerary practices included providing the 

deceased with everything they might need in the afterlife, including: 

animals, servants, entertainers, hunters, homes and officials.  This ideal is 

reflected in Tang dynasty art.  This is also reflected in many short stories 

written in the Tang about people accidentally winding up in the realm of the 

dead; only to come back and report their experiences.  

Buddhism, originating in India around the time of Confucius, continued to 

flourish during the Tang period and was adopted by the imperial family; 

becoming thoroughly sinicized and a permanent part of Chinese traditional 

culture. In an age before Neo-Confucianism and figures such as Zhu Xi 

(1130–1200), Buddhism had begun to flourish in China during the Southern 

and Northern Dynasties; becoming the dominant ideology during the 

prosperous Tang.  

Buddhist monasteries played an integral role in Chinese society; offering 

lodging for travelers in remote areas, schools for children throughout the 

country and a place for urban literati to stage social events or gatherings 

such as going-away parties.  Buddhist monasteries were also engaged in the 
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economy, since their land property and serfs gave them enough revenues to 

set up mills, oil presses and other enterprises.  Although the monasteries 

retained 'serfs', these monastery dependents could actually own property 

and employ others to help them in their work; including their own slaves.  

The prominent status of Buddhism in Chinese culture began to decline as the 

dynasty and central government declined as well during the late 8th century 

to 9th century.  Buddhist convents and temples that were exempt from state 

taxes beforehand were targeted by the state for taxation.  In 845 Emperor 

Wuzong of Tang finally shut down 4,600 Buddhist monasteries along with 

40,000 temples and shrines; forcing 260,000 Buddhist monks and nuns to 

return to secular life. This episode would later be dubbed one of the Four 

Buddhist Persecutions in China.   

Although the ban would be lifted just a few years after, Buddhism never 

regained its once dominant status in Chinese culture. This situation also 

came about through new revival of interest in native Chinese philosophies 

such as Confucianism and Daoism. Han Yu (786–824)—who Arthur F. Wright 

stated was a "brilliant polemicist and ardent xenophobe"—was one of the 

first men of the Tang to denounce Buddhism. Although his contemporaries 

found him crude and obnoxious, he would foreshadow the later persecution 

of Buddhism in the Tang; as well as the revival of Confucian theory with the 

rise of Neo-Confucianism of the Song Dynasty.  

Nonetheless, Chán Buddhism gained popularity amongst the educated elite. 

There were also many famous Chan monks from the Tang era such as Mazu 

Daoyi, Baizhang, and Huangbo Xiyun.  The sect of Pure Land Buddhism 

initiated by the Chinese monk Huiyuan (334–416) was also just as popular 

as Chan Buddhism during the Tang. Rivaling Buddhism was Daoism; a native 

Chinese philosophical and religious belief system that found its roots in the 

book of the Daodejing (attributed to Laozi in the 6th century B.C.) and the 

Zhuangzi. The ruling Li family of the Tang Dynasty actually claimed descent 

from the ancient Laozi.  

On numerous occasions where Tang princes would become crown prince or 

Tang princesses taking vows as Daoist priestesses, their lavish former 

mansions would be converted into Daoist abbeys and places of worship. 

Many Daoists were associated with alchemy in their pursuits to find an elixir 

of immortality and a means to create gold from concocted mixtures of many 

other elements. Although they never achieved their goals in either of these 
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futile pursuits, they did contribute to the discovery of new metal alloys, new 

porcelain products, and, new dyes. The historian Joseph Needham labeled 

the work of the Daoist alchemists as "proto-science rather than pseudo-

science." However, the close connection between Daoism and alchemy, 

which some sinologists have asserted, is refuted by Nathan Sivin who states 

that alchemy was just as prominent (if not more so) in the secular sphere 

and practiced more often by laymen. The Tang Dynasty also officially 

recognized various foreign religions. The Assyrian Church of the East, 

otherwise known as the Nestorian Christian Church, was given recognition 

by the Tang court.  

In 781, the Nestorian Stele was created in order to honor the achievements 

of their community in China. A Christian monastery was established in 

Shaanxi province where the Daqin Pagoda still stands and inside the pagoda 

there is Christian-themed artwork. Although the religion largely died out 

after the Tang, it was revived in China following the Mongol invasions of the 

13th century.  

Tang women 

Concepts of women's social rights and social status during the Tang era were 

notably liberal-minded for the period. However, this was largely reserved for 

urban women of elite status, as men and women in the rural countryside 

labored hard in their different set of tasks; with wives and daughters 

responsible for more domestic tasks of weaving textiles and rearing of silk 

worms, while men tended to farming in the fields.   

There were many women in the Tang era who gained access to religious 

authority by taking vows as Daoist priestesses. The head mistresses of the 

bordellos in the North Hamlet of the capital Chang'an acquired large 

amounts of wealth and power. Their high-class courtesans, who likely 

influenced the Japanese geishas, were well respected. These courtesans 

were known as great singers and poets, supervised banquets and feasts, 

knew the rules to all the drinking games and were trained to have the 

utmost respectable table manners.  

Although they were renowned for their polite behavior, the courtesans were 

known to dominate the conversation amongst elite men and were not afraid 

to openly castigate or criticize prominent male guests who talked too much 

or too loudly, boasted too much of their accomplishments or had in some 

way ruined dinner for everyone by rude behavior (on one occasion a 
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courtesan even beat up a drunken man who had insulted her).  When 

singing to entertain guests, courtesans not only composed the lyrics to their 

own songs, but they popularized a new form of lyrical verse by singing lines 

written by various renowned and famous men in Chinese history.  

It was fashionable for women to be full-figured (or plump). Men enjoyed the 

presence of assertive, active women.  The foreign horse-riding sport of polo 

from Persia became a wildly popular trend amongst the Chinese elite, and 

women often played the sport (as glazed earthenware figurines from the 

time period portray). The preferred hairstyle for women was to bunch their 

hair up like "an elaborate edifice above the forehead,"  while affluent ladies 

wore extravagant head ornaments, combs, pearl necklaces, face powders 

and perfumes.   

A law was passed in 671 which attempted to force women to wear hats with 

veils again in order to promote decency, but these laws were ignored as 

some women started wearing caps and even no hats at all; as well as men's 

riding clothes or boots and tight-sleeved bodices.  There were some 

prominent court women after the era of Empress Wu, such as Yang Guifei 

(719–756), who had Emperor Xuanzong appoint many of her relatives and 

cronies to important ministerial and martial positions.  

Tea, food and necessities 

During the earlier Southern and Northern Dynasties (420–589), and perhaps 

even earlier, the drinking of tea (Camelia sinensis) became popular in 

southern China. Tea was viewed then as a beverage of tasteful pleasure and 

with pharmacological purpose as well.  During the Tang Dynasty, tea 

became synonymous with everything sophisticated in society. The Tang poet 

Lu Tong (790–835) devoted most of his poetry to his love of tea. The 8th 

century author Lu Yu (known as the Sage of Tea) even wrote a treatise on 

the art of drinking tea; called the Classic of Tea (Chájīng).  

Although wrapping paper had been used in China since the 2nd century B.C., 

during the Tang Dynasty the Chinese were using wrapping paper as folded 

and sewn square bags to hold and preserve the flavor of tea leaves.  Indeed, 

paper found many other uses besides writing and wrapping during the Tang 

era. Earlier, the first recorded use of toilet paper was made in 589 by the 

scholar-official Yan Zhitui (531–591) and in 851 an Arab Muslim traveler 

commented on how the Tang era Chinese were not careful about cleanliness 

because they did not wash with water when going to the bathroom. Instead, 
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he said, the Chinese simply used paper to wipe themselves. In ancient 

times, the Chinese had outlined the five most basic foodstuffs known as the 

five grains: sesamum, legumes, wheat, panicled millet and glutinous millet. 

The Ming Dynasty encyclopedist Song Yingxing (1587–1666) noted that rice 

was not counted amongst the five grains from the time of the legendary and 

deified Chinese sage Shennong (the existence of whom Yingxing wrote was 

"an uncertain matter") into the 2nd millenniums B.C., because the properly 

wet and humid climate in southern China for growing rice was not yet fully 

settled or cultivated by the Chinese.  

During the Tang, the many common foodstuffs and cooking ingredients in 

addition to those already listed were barley, garlic, salt, turnips, soybeans, 

pears, apricots, peaches, apples, pomegranates, jujubes, rhubarb, 

hazelnuts, pine nuts, chestnuts, walnuts, yams, taro and so forth.  The 

various meats that were consumed included pork, chicken, lamb (especially 

preferred in the north), sea otter, bear (which was hard to catch; but there 

were recipes for steamed, boiled and marinated bear) and even Bactrian 

camels.  

In the south along the coast meat from seafood was by default the most 

common; as the Chinese enjoyed eating cooked jellyfish with cinnamon, 

Sichuan pepper, cardamom and ginger (as well as oysters with wine; fried 

squid with ginger and vinegar; horseshoe crabs and red crabs; shrimp and 

pufferfish - which the Chinese called 'river piglet‘). Some foods were also 

off-limits; as the Tang court encouraged people not to eat beef (since the 

bull was a valuable draft animal) and from 831 to 833 Emperor Wenzong of 

Tang even banned the slaughter of cattle on the grounds of his religious 

convictions to Buddhism.   

From the trade overseas and over land, the Chinese acquired: peaches from 

Samarkand, date palms, pistachios, and figs (from Persia); pine seeds and 

ginseng roots (from Korea) and mangoes (from Southeast Asia).  In China, 

there was a great demand for sugar; during the reign of Harsha (r. 606–

647) over North India, Indian envoys to Tang China brought two makers of 

sugar who successfully taught the Chinese how to cultivate sugarcane.  

Cotton also came from India as a finished product from Bengal; although it 

was during the Tang that the Chinese began to grow and process cotton - 

and by the Yuan Dynasty it became the prime textile fabric in China. 

Methods of food preservation were important and practiced throughout 

China.  The common people used simple methods of preservation such as: 
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digging deep ditches and trenches, brining and salting their foods. The 

emperor had large ice pits located in the parks in and around Chang'an for 

preserving food; while the wealthy and elite had their own smaller ice pits.  

Each year the emperor had laborers carve 1000 blocks of ice from frozen 

creeks in mountain valleys, each block with the dimension of 3 by 3½ feet.  

There were many frozen delicacies enjoyed during the summer; especially 

chilled melon.  

Science, technology and medicine 
Engineering 

Technology during the Tang period was built also upon the precedents of the 

past. Advancements in clockworks and timekeeping included the mechanical 

gear systems of Zhang Heng (78–139) and Ma Jun (fl. 3rd century) gave the 

Tang engineer, astronomer and monk Yi Xing (683–727) inspiration when he 

invented the world's first clockwork escapement mechanism in 725.  This 

was used alongside a clepsydra clock and waterwheel to power a rotating 

armillary sphere in representation of astronomical observation.  Yi Xing's 

device also had a mechanically timed bell that was struck automatically 

every hour and a drum that was struck automatically every quarter hour; 

essentially, a striking clock.  

Yi Xing's astronomical clock and water-powered armillary sphere became 

well known throughout the country, since students attempting to pass the 

imperial examinations by 730 had to write an essay on the device as an 

exam requirement.  However, the most common type of public and palace 

timekeeping device was the inflow clepsydra.  Its design was improved c. 

610 by the Sui-dynasty engineers Geng Xun and Yuwen Kai.  They provided 

a steelyard balance that allowed seasonal adjustment in the pressure head 

of the compensating tank and could then control the rate of flow for different 

lengths of day and night.  

There were many other mechanical inventions during the Tang era. This 

included a 3 ft. tall mechanical wine server of the early 8th century that was 

in the shape of an artificial mountain, carved out of iron and rested on a 

lacquered-wooden tortoise frame.  This intricate device used a hydraulic 

pump that siphoned wine out of metal dragon-headed faucets, as well as 

tilting bowls that were timed to dip wine down, by force of gravity when 

filled, into an artificial lake that had intricate iron leaves popping up as trays 

for placing party treats. Furthermore, as the historian Charles Benn 

describes it: 
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“Midway up the southern side of the mountain was 

a dragon…the beast opened its mouth and spit 

brew into a goblet seated on a large [iron] lotus 

leaf beneath. When the cup was 80% full, the 

dragon ceased spewing ale, and a guest 

immediately seized the goblet.  

 

If he was slow in draining the cup and returning it to 

the leaf, the door of a pavilion at the top of the 

mountain opened and a mechanical wine server, 

dressed in a cap and gown, emerged with a 

wooden bat in his hand.  

 

As soon as the guest returned the goblet, the 

dragon refilled it, the wine server withdrew, and the 

doors of the pavilion closed…A pump siphoned the 

ale that flowed into the ale pool through a hidden 

hole and returned the brew to the reservoir 

[holding more than 16 quarts/15 liters of wine] 

inside the mountain.” 

Although the use of a teasing mechanical puppet in this wine-serving device 

was certainly ingenious, the use of mechanical puppets in China date back to 

the Qin Dynasty (221–207 B.C.) while Ma Jun in the 3rd century had an 

entire mechanical puppet theater operated by the rotation of a waterwheel.  

There was also an automatic wine-server known in the ancient Greco-Roman 

world; a design featuring Heron of Alexandria that employed an urn with an 

inner valve and a lever device similar to the one described above.  

There are many stories of automatons used in the Tang, including general 

Yang Wulian's wooden statue of a monk who stretched his hands out to 

collect contributions; when the amount of coins reached a certain weight, 

the mechanical figure moved his arms to deposit them in a satchel.  This 

weight-and-lever mechanism was exactly like Heron's penny slot machine.  

Other devices included one by Wang Ju, whose "wooden otter" could 

allegedly catch fish; Needham suspects a spring trap of some kind was 

employed here.  

In the realm of structural engineering and technical Chinese architecture, 

there were also government standard building codes, outlined in the early 

Tang book of the Yingshan Ling (National Building Law). Fragments of this 

book have survived in the Tang Lü (The Tang Code), while the Song Dynasty 

architectural manual of the Yingzao Fashi (State Building Standards) by Li 

Jie (1065–1101) in 1103 is the oldest existing technical treatise on Chinese 
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architecture that has survived in full.  During the reign of Emperor Xuanzong 

of Tang (712–756) there were 34,850 registered craftsmen serving the 

state; managed by the Agency of Palace Buildings (Jingzuo Jian).  

Woodblock printing 

Woodblock printing made the written word available to vastly greater 

audiences. One of the world's oldest surviving printed documents is a 

miniature Buddhist dharani sutra unearthed at Xi'an in 1974 and dated 

roughly from 650 to 670. The Diamond Sutra is the first full-length book 

printed at regular size; complete with illustrations embedded with the text 

and dated precisely to 868.   

Among the earliest documents to be printed were Buddhist texts as well as 

calendars; the latter essential for calculating and marking which days were 

auspicious and which days were not. With so many books coming into 

circulation for the general public, literacy rates could improve, along with the 

lower classes being able to obtain cheaper sources of study. Therefore, there 

were more lower class people seen entering the Imperial Examinations and 

passing them by the later Song Dynasty.  Although the later Bi Sheng's 

movable type printing in the 11th century was innovative for his period, 

woodblock printing that became widespread in the Tang would remain the 

dominant printing type in China until the more advanced printing press from 

Europe became widely accepted and used in East Asia.  The first use of the 

playing card during the Tang Dynasty was an auxiliary invention of the new 

age of printing.  

Medicine 

The Chinese of the Tang era were also very interested in the benefits of 

officially classifying all of the medicines used in pharmacology. In 657, 

Emperor Gaozong of Tang (r. 649–683) commissioned the literary project of 

publishing an official materia medica; complete with text and illustrated 

drawings for 833 different medicinal substances taken from different stones, 

minerals, metals, plants, herbs, animals, vegetables, fruits and cereal crops.  

In addition to compiling pharmacopeias, the Tang fostered learning in 

medicine by upholding imperial medical colleges, state examinations for 

doctors and publishing forensic manuals for physicians.  Authors of medicine 

in the Tang include Zhen Qian (d. 643) and Sun Simiao (581–682), the 

former who first identified in writing that patients with diabetes had an 

excess of sugar in their urine; and the latter who was the first to recognize 

that diabetic patients should avoid consuming alcohol and starchy foods.  As 
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written by Zhen Qian and others in the Tang, the thyroid glands of sheep 

and pigs were successfully used to treat goiters. Thyroid extracts were not 

used to treat patients with goiter in the West until 1890.  

Cartography 

In the realm of cartography, there were further advances beyond the map-

makers of the Han Dynasty. When the Tang chancellor Pei Ju (547–627) was 

working for the Sui Dynasty as a Commercial Commissioner in 605, he 

created a well-known gridded map with a graduated scale in the tradition of 

Pei Xiu (224–271).  The Tang chancellor Xu Jingzong (592–672) was also 

known for his map of China drawn in the year 658.  In the year 785 the 

Emperor Dezong had the geographer and cartographer Jia Dan (730–805) 

complete a map of China and her former colonies in Central Asia.   

Upon its completion in 801, the map was 30 ft. in length and 33 ft. in height, 

mapped out on a grid scale of one inch equaling one hundred li (Chinese unit 

of measuring distance).  A Chinese map of 1137 is similar in complexity to 

the one made by Jia Dan, carved on a stone stele with a grid scale of 100 li.   

However, the only type of map that has survived from the Tang period are 

star charts. Despite this, the earliest extant terrain maps of China come 

from the ancient State of Qin; maps from the 4th century B.C. that were 

excavated in 1986.  

Alchemy, gas cylinders and air conditioning 

The Chinese of the Tang period employed complex chemical formulas for an 

array of different purposes, often found through experiments of alchemy. 

These included: a waterproof and dust-repelling cream or varnish for clothes 

and weapons, fireproof cement for glass and porcelain wares, a waterproof 

cream applied to silk clothes of underwater divers, a cream designated for 

polishing bronze mirrors and many other useful formulas.  The vitrified, 

translucent ceramic known as porcelain was invented in China during the 

Tang, although many types of glazed ceramics preceded it.  Ever since the 

Han Dynasty (202 B.C. – 220 A.D.), the Chinese had drilled deep bore-holes 

to transport natural gas from bamboo pipelines to stoves where cast iron 

evaporation pans boiled brine to extract salt.   

During the Tang Dynasty, a gazetteer of Sichuan province stated that at one 

of these 600 ft. 'fire wells', men collected natural gas into portable bamboo 

tubes which could be carried around for dozens of miles and still produce a 

flame. These were essentially the first gas cylinders; Robert Temple assumes 
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some sort of tap was used for this device. The inventor Ding Huan (fl. 180 

A.D.) of the Han Dynasty invented a rotary fan for air conditioning with 

seven wheels 3 m (10 ft) in diameter and manually powered.  In 747, 

Emperor Xuanzong had a "Cool Hall" built in the imperial palace, which the 

Tang Yulin (唐語林) describes as having water-powered fan wheels for air 

conditioning as well as rising jet streams of water from fountains.  During 

the subsequent Song Dynasty, written sources mentioned the air 

conditioning rotary fan as even more widely used.  

Historiography 

The first classic work about the Tang is the Book of Tang by Liu Xu (887–946 

A.D.) et al. of the Later Jin, who redacted it during the last years of his life.  

This was edited into another history (labeled the New Book of Tang) in order 

to distinguish it; which was a work by the Song historians Ouyang Xiu 

(1007–1072), Song Qi (998–1061), et al. of the Song Dynasty (between the 

years 1044 and 1060).  Both of them were based upon earlier annals; yet, 

those are now lost. Both of them also rank among the Twenty-Four Histories 

of China.  

One of the surviving sources of the Book of Tang, primarily covering up to 

756, is the Tongdian, which Du You presented to the emperor in 801. The 

Tang period was again placed into the enormous universal history text of the 

Zizhi Tongjian, edited, compiled, and completed in 1084 by a team of 

scholars under the Song Dynasty Chancellor Sima Guang (1019–1086). This 

historical text, written with 3 million Chinese characters in 294 volumes, 

covered the history of China from the beginning of the Warring States (403 

B.C.) until the beginning of the Song Dynasty (960). 

Summary of Science and Technology in the Tang Dynasty 

As we now can attest, the Tang Dynasty (618 A.D. – 907 A.D.) of ancient 

China witnessed many advancements in Chinese science and technology; 

with various developments in: woodblock printing, timekeeping, mechanical 

engineering, medicine, structural engineering, cartography and alchemy. 

Another high-water mark for China‘s innovation culture took place during the 

Ming Dynasty. 

Ming Dynasty 
The Ming Dynasty, also Empire of the Great Ming, was the ruling 

dynasty of China from 1368 to 1644; following the collapse of the Mongol-

led Yuan Dynasty. The Ming, described by some as "one of the greatest eras 
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of orderly government and social stability in human history", was the last 

dynasty in China ruled by ethnic Han Chinese.  Although the Ming capital 

Beijing fell in 1644 to a rebellion led by Li Zicheng (who established the 

Shun Dynasty; soon replaced by the Manchu-led Qing Dynasty), regimes 

loyal to the Ming throne — collectively called the Southern Ming — survived 

until 1662. Ming rule saw the construction of a vast navy and a standing 

army of one million troops.  

Although private maritime trade and official tribute missions from China had 

taken place in previous dynasties, the tributary fleet under the Muslim 

eunuch admiral Zheng He in the 15th century far surpassed all others in 

size. There were enormous construction projects; including the restoration of 

the Grand Canal and the Great Wall and the establishment of the Forbidden 

City in Beijing during the first quarter of the 15th century. Estimates for the 

late-Ming population vary from 160 to 200 million.  

Emperor Hongwu (ruled in 1368–98) attempted to create a society of self-

sufficient rural communities in a rigid, immobile system that would have no 

need to engage with the commercial life and trade of urban centers. His 

rebuilding of China's agricultural base and strengthening of communication 

routes through the militarized courier system had the unintended effect of 

creating a vast agricultural surplus that could be sold at burgeoning markets 

located along courier routes.  

Rural culture and commerce became influenced by urban trends. The upper 

echelons of society embodied in the scholarly gentry class were also affected 

by this new consumption-based culture. In a departure from tradition, 

merchant families began to produce examination candidates to become 

scholar-officials and adopted cultural traits and practices typical of the 

gentry. Parallel to this trend involving social class and commercial 

consumption were changes in social and political philosophy, bureaucracy 

and governmental institutions (even arts and literature). 

By the 16th century, the Ming economy was stimulated by trade with the 

Portuguese, the Spanish, and the Dutch. China became involved in a new 

global trade of goods, plants, animals and food crops known as the 

Columbian Exchange. Trade with European powers and the Japanese 

brought in massive amounts of silver; which then replaced copper and paper 

banknotes as the common medium of exchange in China. During the last 

decades of the Ming, the flow of silver into China diminished greatly; 
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undermining state revenues. This damage to the Ming economy was 

compounded by the effects on agriculture of the incipient Little Ice Age, 

natural calamities, crop failure and sudden epidemics. The ensuing 

breakdown of authority and people's livelihoods allowed rebel leaders such 

as Li Zicheng to challenge Ming authority. 

Compared to the flourishing of science and technology in the Song Dynasty, 

the Ming Dynasty perhaps saw fewer advancements in science and 

technology compared to the pace of discovery in the Western world.  In fact, 

key advances in Chinese science in the late Ming were spurred by contact 

with Europe.  In 1626 Johann Adam Schall von Bell wrote the first Chinese 

treatise on the telescope, the Yuanjingshuo (Far Seeing Optic Glass). 

In 1634 the last Ming emperor Chongzhen acquired the telescope of the late 

Johann Schreck (1576–1630). The heliocentric model of the solar system 

was rejected by the Catholic missionaries in China, but Johannes Kepler and 

Galileo Galilei's ideas slowly trickled into China starting with the Polish Jesuit 

Michael Boym (1612–59) in 1627, Adam Schall von Bell's treatise in 1640 

and finally Joseph Edkins, Alex Wylie and John Fryer in the 19th century.  

Catholic Jesuits in China would promote Copernican theory at court, yet at 

the same time embrace the Ptolemaic system in their writing; it was not 

until 1865 that Catholic missionaries in China sponsored the heliocentric 

model as their Protestant peers did. Although Shen Kuo (1031–95) and Guo 

Shoujing (1231–316) had laid the basis for trigonometry in China, another 

important work in Chinese trigonometry would not be published again until 

1607 with the efforts of Xu Guangqi and Matteo Ricci. Ironically, some 

inventions which had their origins in ancient China were reintroduced to 

China from Europe during the late Ming; for example, the field mill.  

The Chinese calendar was in need of reform since it inadequately measured 

the solar year at 365¼ days, giving an error of 10 min and 14 sec a year or 

roughly a full day every 128 years. Although the Ming had adopted Guo 

Shoujing's Shoushi calendar of 1281, which was just as accurate as the 

Gregorian Calendar, the Ming Directorate of Astronomy failed to periodically 

readjust it; this was perhaps due to their lack of expertise since their offices 

had become hereditary in the Ming and the Statutes of the Ming prohibited 

private involvement in astronomy. A sixth-generation descendant of 

Emperor Hongxi, the "Prince" Zhu Zaiyu (1536–611), submitted a proposal 

to fix the calendar in 1595, but the ultra-conservative astronomical 
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commission rejected it. This was the same Zhu Zaiyu who discovered the 

system of tuning known as equal temperament; a discovery made 

simultaneously by Simon Stevin (1548–1620) in Europe.   

In addition to publishing his works on music, he was able to publish his 

findings on the calendar in 1597.  A year earlier, the memorial of Xing Yunlu 

suggesting a calendar improvement was rejected by the Supervisor of the 

Astronomical Bureau due to the law banning private practice of astronomy; 

Xing would later serve with Xu Guangqi in reforming the calendar (Chinese: 

崇禎暦書) in 1629 according to Western standards. When the Ming founder 

Hongwu came upon the mechanical devices housed in the Yuan Dynasty's 

palace at Khanbaliq—such as fountains with balls dancing on their jets, self-

operating tiger automata, dragon-headed devices that spouted mists of 

perfume and mechanical clocks in the tradition of Yi Xing (683–727) and Su 

Song (1020–101)—he associated all of them with the decadence of Mongol 

rule and had them destroyed.    

This was described in full length by the Divisional Director of the Ministry of 

Works, Xiao Xun, who also carefully preserved details on the architecture 

and layout of the Yuan Dynasty palace.  Later, European Jesuits such as 

Matteo Ricci and Nicolas Trigault would briefly mention indigenous Chinese 

clockworks that featured drive wheels. However, both Ricci and Trigault were 

quick to point out that 16th century European clockworks were far more 

advanced than the common time keeping devices in China, which they listed 

as water clocks, incense clocks and "other instruments...with wheels rotated 

by sand as if by water" (Chinese: 沙漏).   

Chinese records—namely the Yuan Shi (Chinese: 元史)—describe the 'five-

wheeled sand clock', a mechanism pioneered by Zhan Xiyuan (fl. 1360–80) 

which featured the scoop wheel of Su Song's earlier astronomical clock and a 

stationary dial face over which a pointer circulated; similar to European 

models of the time.  This sand-driven wheel clock was improved upon by 

Zhou Shuxue (fl. 1530–58) who added a fourth large gear wheel, changed 

gear ratios and widened the orifice for collecting sand grains since he 

criticized the earlier model for clogging up too often.  

The Chinese were intrigued with European technology, but so were visiting 

Europeans of Chinese technology. In 1584, Abraham Ortelius (1527–1598) 

featured in his atlas Theatrum Orbis Terrarum the peculiar Chinese 

innovation of mounting masts and sails onto carriages; just like Chinese 
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ships.  Gonzales de Mendoza also mentioned this a year later—noting even 

the designs of them on Chinese silken robes—while Gerardus Mercator 

(1512–94) featured them in his atlas, John Milton (1608–74) in one of his 

famous poems and Andreas Everardus van Braam Houckgeest (1739–801) 

in the writings of his travel diary in China.  

The encyclopedist Song Yingxing (1587–1666) documented a wide array of 

technologies, metallurgic and industrial processes in his Tiangong Kaiwu 

(Chinese: 天工開物) encyclopedia of 1637.  This includes: mechanical and 

hydraulic powered devices for agriculture and irrigation, nautical technology 

such as vessel types and snorkeling gear for pearl divers, the annual 

processes of sericulture and weaving with the loom, metallurgic processes 

such as the crucible technique and quenching, manufacturing processes such 

as for roasting iron pyrite in converting sulfide to oxide in sulfur used in 

gunpowder compositions—illustrating how ore was piled up with coal 

briquettes in an earthen furnace with a still-head that sent over sulfur as 

vapor that would solidify and crystallize—and the use of gunpowder weapons 

such as a naval mine ignited by use of a rip-cord and steel flint wheel.   

Focusing on agriculture in his Nongzheng Quanshu, the agronomist Xu 

Guangqi (1562–1633) took an interest in irrigation, fertilizers, famine relief, 

economic and textile crops, and empirical observation of the elements that 

gave insight into early understandings of chemistry. There were many 

advances and new designs in gunpowder weapons during the beginning of 

the dynasty, but by the mid to late Ming the Chinese began to frequently 

employ European-style artillery and firearms.  

The Huolongjing, compiled by Jiao Yu and Liu Ji sometime before the latter's 

death on May 16, 1375 (with a preface added by Jiao in 1412), featured 

many types of cutting-edge gunpowder weaponry for the time. This includes 

hollow, gunpowder-filled exploding cannonballs, land mines that used a 

complex trigger mechanism of falling weights, pins and a steel wheel lock to 

ignite the train of fuses, naval mines, fin-mounted winged rockets for 

aerodynamic control, multistage rockets propelled by booster rockets before 

igniting a swarm of smaller rockets issuing forth from the end of the missile 

(shaped like a dragon's head) and hand cannons that had up to ten gun 

barrels.  

Li Shizhen (1518–93)—one of the most renowned pharmacologists and 

physicians in Chinese history—belonged to the late Ming period. In 1587, he 
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completed the first draft of his Bencao Gangmu, which detailed the usage of 

over 1,800 medicinal drugs. Although it purportedly was invented by a 

Daoist hermit from Mount Emei in the late 10th century, the process of 

inoculation for smallpox patients was in widespread use in China by the reign 

of the Longqing Emperor (ruled 1567–72), long before it was applied 

anywhere else. In regards to oral hygiene, the ancient Egyptians had a 

primitive toothbrush of a twig frayed at the end, but the Chinese were the 

first to invent the modern bristle toothbrush in 1498; although it used stiff 

pig hair.  

Jesuit activity in China 
The Jesuit China missions of the 16th and 17th centuries introduced Western 

science and astronomy, then undergoing its own revolution, to China. One 

modern historian writes that in late Ming courts, the Jesuits were "regarded 

as impressive especially for their knowledge of astronomy, calendar-making, 

mathematics, hydraulics and geography."   

The Society of Jesus introduced, according to Thomas Woods, "a substantial 

body of scientific knowledge and a vast array of mental tools for 

understanding the physical universe; including the Euclidean geometry that 

made planetary motion comprehensible." Another expert quoted by Woods 

said the scientific revolution brought by the Jesuits coincided with a time 

when science was at a very low level in China: 

“The Jesuits made efforts to translate western 

mathematical and astronomical works into Chinese 

and aroused the interest of Chinese scholars in these 

sciences. They made very extensive astronomical 

observation and carried out the first modern 

cartographic work in China.  

 

They also learned to appreciate the scientific 

achievements of this ancient culture and made 

them known in Europe. Through their 

correspondence European scientists first learned 

about the Chinese science and culture.” 

Conversely, the Jesuits were very active in transmitting Chinese knowledge 

to Europe. Confucius's works were translated into European languages 

through the agency of Jesuit scholars stationed in China.  Matteo Ricci 

started to report on the thoughts of Confucius and Father Prospero 

Intorcetta published the life and works of Confucius into Latin in 1687.  It is 

http://en.wikipedia.org/wiki/Bencao_Gangmu
http://en.wikipedia.org/wiki/Mount_Emei
http://en.wikipedia.org/wiki/Longqing_Emperor
http://en.wikipedia.org/wiki/Jesuit_China_missions
http://en.wikipedia.org/wiki/Society_of_Jesus
http://en.wikipedia.org/wiki/Thomas_Woods


20-20 Hindsight 
 

 191 

thought that such works had considerable importance on European thinkers 

of the period, particularly among the Deists and other philosophical groups 

of the Enlightenment who were interested by the integration of the system 

of morality of Confucius into Christianity.  

The followers of the French physiocrat François Quesnay habitually referred 

to him as "the Confucius of Europe", and he personally identified himself 

with the Chinese sage. The doctrine and even the name of "Laissez-faire" 

may have been inspired by the Chinese concept of Wu wei. However, the 

economic insights of ancient Chinese political thought had otherwise little 

impact outside China in later centuries. Goethe was known as "the Confucius 

of Weimar". 

Scientific and technological stagnation 
One question that has been the subject of debate among historians has been 

why China did not develop a scientific revolution and why Chinese 

technology fell behind that of Europe. Many hypotheses have been proposed 

ranging from the cultural to the political and economic. Nathan Sivin has 

argued that China indeed had a scientific revolution in the 17th century and 

that we are still far from understanding the scientific revolutions of the West 

and China in all their political, economic and social ramifications.  John K. 

Fairbank argued that the Chinese political system was hostile to scientific 

progress. Needham argued, and most scholars agreed, that cultural factors 

prevented these Chinese achievements from developing into what could be 

called "science".  It was the religious and philosophical framework of the 

Chinese intellectuals which made them unable to believe in the ideas of laws 

of nature: 

“It was not that there was no order in nature for the Chinese, 

but rather that it was not an order ordained by a rational 

personal being, and hence there was no conviction that 

rational personal beings would be able to spell out in their 

lesser earthly languages the divine code of laws which he 

had decreed aforetime. The Taoists, indeed, would have 

scorned such an idea as being too naïve for the subtlety 

and complexity of the universe as they intuited it.” 

Similar grounds have been found for questioning much of the philosophy 

behind traditional Chinese medicine, which, derived partly from Taoist 

philosophy, reflects the classical Chinese belief that individual human 

experiences express causative principles effective in the environment at all 

scales. Because its theory predates use of the scientific method, it has 
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received various criticisms based on scientific thinking. Philosopher Robert 

Todd Carroll, a member of the Skeptics Society, deemed acupuncture a 

pseudoscience because it "confuses metaphysical with empirical claims". 

More recent historians have questioned political and cultural explanations 

and have put greater focus on economic causes. Mark Elvin's high level 

equilibrium trap is one well-known example of this line of thought. It argues 

that the Chinese population was large enough, workers cheap enough and 

agrarian productivity high enough to not require mechanization: thousands 

of Chinese workers were perfectly able to quickly perform any needed task.  

Other events such as Haijin, the Opium Wars and the resulting hate of 

European influence prevented China from undergoing an Industrial 

Revolution; copying Europe's progress on a large scale would be impossible 

for a lengthy period of time.  Political instability under Cixi rule (opposition 

and frequent oscillation between modernists and conservatives), the 

Republican wars (1911–1933), the Sino-Japanese War (1933–1945), the 

Communist/Nationalist War (1945–1949) as well as the later Cultural 

Revolution isolated China at the most critical times. Kenneth Pomeranz has 

made the argument that the substantial resources taken from the New World 

to Europe made the crucial difference between European and Chinese 

development. 

In Guns, Germs and Steel, Jared Diamond postulates that the lack of 

geographic barriers in much of China (essentially a wide plain with two large 

navigable rivers and a relatively smooth coastline) led to a single 

government without competition.  At the whim of a ruler who disliked new 

inventions, technology could be stifled for half a century or more.  In 

contrast, Europe's barriers of the Pyrenees, the Alps and the various 

defensible peninsulas (Denmark, Scandinavia, Italy, Greece, etc.) and 

islands (Britain, Ireland, Sicily, etc.) led to smaller countries in constant 

competition with each other. If a ruler chose to ignore a scientific 

advancement (especially a military or economic one), his more-advanced 

neighbors would soon usurp his throne. 

People's Republic of China 

After the establishment of the People's Republic in 1949, China reorganized 

its science establishment along Soviet lines. From 1975, science and 

technology was one of the Four Modernizations and its high-speed 

development was declared essential to all national economic development by 
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Deng Xiaoping. Scientific research in nuclear weapons, satellite launching 

and recovery, superconductivity, high-yield hybrid rice led to new 

developments due to the application of science to industry and foreign 

technology transfer.  

As the People's Republic of China becomes better connected to the global 

economy, the government has placed more emphasis on science and 

technology. This has led to increases in funding, improved scientific 

structure and more money for research. These factors have led to 

advancements in agriculture, medicine, genetics and global change. In 2003, 

China became the third country capable of sending humans into space. 
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V 

 

Creation 

Aside from the mythos, metaphysics or just plain bad archeology related to 

the lost continent of Mu (and all the envisioned or imagined aspects of 

possible advanced technology/society therein), there is widely accepted 

anthropological evidence about oriental communities up through the Qin 

Dynasty (206 B.C.).  I start with the question of how and when there arose a 

‗China‘ that was identifiable and cohesive enough for other peoples to with it 

as a single sovereign entity (perhaps over 3,000 years ago). 

In the West, the whole story and culture of China has in recent times 

become a major literary industry. To be sure, fascination about China‘s 

maturity in technical innovation and role on the world stage is hardly new. 

Yet, the turmoil of globalization and cyberspace (enabling explosive changes 

in economics and demographics) has sharpened renewed interest. It has 

created both admiration along with cacophonous consternation about the 

resurgent political influence and ambitions toward global power.  

The great advantage in telling this story about conditions either fostering or 

stifling scientific discovery and technological innovation in China is that the 

narrative lends itself to three main themes.  First, it can give a sense of the 

sweep of the relationships involved; from the incursions into China of steppe 

horsemen around 200 B.C. to the Mongol conquests of the thirteen century 

A.D.; from the initial arrival of European travelers until its dynastic decline 

(after 1911); into an object (several times over) of the policies of the major 

Western Powers; and on past through the Tiananmen affair (1989) through 

the present tense. 

Secondly, the historical baseline connotes (if not explains) what moved 

these minor and major foreign societies into a frame of reference where 

their concerns with China fitted into their own core interests and views of the 

world. Third, it outlines some intriguing recurrent patterns for a very long 

period; the outlay of which is underscored in this chapter. The creation of 

China is one of the more confusing and turbulent stories in the history of the 

world. From its dimly understood beginnings as a collection of tribes in the 

Yellow River valley, it has grown to be perhaps the largest state on the 
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planet; comprising one-quarter of the human race. It is a story of violence, 

philosophical and political invention, shining artistic achievement and often 

complex/subtle relations with outsiders. Human fossils were found around 

2007 in China‘s western regions that appear to be over three million years 

old with other archeological digs unearthing artifacts traceable to 1.7 million 

years ago. Yet, similar evidence appeared near the fertile Yellow River valley 

(entitled ―Beijing Man‘); hinting at mankind ancestry some half a million 

years ago while Neolithic Man came along only around 10,000 B.C.. 

Modern estimates suggest that societies as we recognize them started to 

emerge from perhaps 6500 B.C.; when early farming techniques came to the 

orient possibly by way of the middle east…population and settlements 

springing forward from a stable food supply.  Alluvial planes aside, China‘s 

political geography too has been a process of continuous change. From its 

earliest days there have been constant adjustments to its borders, ethnic 

groupings and place-names.  As late as 200 B.C., in the first unification 

under the Qin Dynasty, China‘s territory was around one-quarter of its 

modern girth. 

Settlements gradually became larger and acquired separate living/working 

areas. It used to be thought that China‘s first city was formed around 2000 

B.C. in what is now Shandong province; a time when statelets first appeared 

also. However, in 2002 (A.D.), Chinese archeologists found the ruins of a 

city in Anhui province dating back to 5500 B.C. which contained complicated 

dwellings, a few larger edifices, a moat and varietal workshops (along with 

the expected pottery and jeweled adornments). 

In most places, nonetheless, it may only have been after 2500 B.C. that 

villagers began to live in more permanent settlements; with evidence 

abounding that supports migratory patterns into Manchuria, central and 

southern China. Furthermore, from maybe 2000 B.C. (some five centuries 

after the construction of the Great Pyramid in Egypt) a kind of painted 

pottery appeared having some similarities with that found at sites in the 

Middle East or Eastern Europe. 

At the same time, China remained largely insulated. Geographic isolation, 

with its enormous consequences was reinforced by the constant conflicts 

with war-like tribes and robber bandits from Central Asia. For instance, 

travel from oasis to oasis was perilous (if not impossible) dating as far back 

as 1700 B.C.. Moreover, China was separated by some three or four 
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thousand miles from the emergent civilizations such as India and Greece. In 

any serious political sense, China was a land without neighbors. Blessed 

internally with two colossal river valleys, China has managed an increasingly 

elaborate system of agriculture based upon irrigation. In spite of occasional 

famines, these two great alluvial arteries have been central and continuing 

themes in China‘s story. Even in modern times, China has to feed 23% of 

the world‘s population from only 7% of arable landmass. 

The first of what we might call a hereditary dynasty was the Xia but we 

really only have solid archeological evidence about the second one – the 

Shang – which probably flourished around 1700-1122 B.C.. From these digs 

we know the Shang and their predecessors created the first central 

authorities and were utilizing bronze metallurgy (which came into 

widespread use by 1400 B.C.) for weapons and ornamentation. 

The craftsmanship of the Shang is considered to be a high-art form. 

Additionally the Shang are credited with inventing writing as well as 

instituted the cultivating of silk. They believed in capital cities and walled 

towns were the norm; containing buildings constructed using the stamped 

earth adobe method. Their governments controlled the economy in peace 

and provided leadership in times of war…as is common today. 

Far before notions of feudalism in Western civilization, Chinese society rulers 

claimed rights over land that imposed obligations upon the tenants such as a 

portion of the produce, enforced service in the militia when needed or forced 

labor. In fact, since Neolithic ages Chinese ruling groups have used massive 

manpower for public works. By the time the Shang period ended their 

successors found themselves lording over 3 million citizens and 1 million 

slaves. In conflict, the Shang were also martial innovators; known to have 

fabricated the two-wheeled chariot.  

It is believed nevertheless the technology for such transferred from the 

Hittites in western Asia. Domestically, the Shang developed spiritual ideals 

such as ancestor worship and the concept of a ―Lord on High‖ who ruled over 

lesser gods (attributed to the forces of nature). Until that idea took root, the 

Chinese view of the universe (and of mankind) was cyclical; as in the 

seasons of the year. In this there could be order but no teleology. 

Shang rule lasted some six centuries and ended when the small state of 

Zhou and their allies crossed from the west around 1050 B.C., destroyed the 
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incumbent army and killed the Emperor. Their governance model emulated 

the Shang in the form of city-states. However, they promulgated a chivalric 

code as well as a similarly complicated rule of etiquette for the populace. 

The Zhou are credited with a business innovation – capitalism; as they 

discovered private agrarian plots amounted to higher production yields. 

Economic specialization was also improvised across the varied city-states 

ruled by clan affinities and developed to the point where commercially-based 

manufacturing constituencies could grow to exploit the marketplaces within 

the secular and royal centers of activity. Iron production particularly 

flourished. Priesthoods morphed into scholarly enclaves instead.  

Over the centuries the Zhou royal house lost power due to increasing 

decentralization and parochial interests giving short-shift to the centers. The 

successful expansion of territory was a classic case of reach exceeding the 

grasp…the empire‘s allies became more independent and was just too large 

to accommodate a clumsy administration. Local leaders became rulers in 

their own right and anarchy prevailed. In 771 B.C. a coalition of northern 

lords and nomad tribes attacked the capital; killing the Emperor. 

The rapid expansion and equally swift decline of the Zhou raised new 

questions of legitimacy. The Chinese may have been the first to institute a 

political science philosophy espousing the ―Mandate of Heaven‖ long before 

Europeans coined the term ―Divine Right‖.  It was a theory of government 

based upon the ruler‘s moral behavior with respect to benefit for the whole 

population. Then, as elsewhere later, it served to also shape foreign 

relations with a powerful perception of superiority and entitlement. In early 

2012, many op-ed pieces appeared in the media about the upcoming 

leadership changeover in the People‘s Republic when a prominent party 

official in Chongqing, Bo Xilai, was deposed.  

A police investigation into the family of Communist Party member Bo Xilai 

led to his downfall.  Mr. Bo's anger over the investigation prompted him to 

react by demoting the police chief in Chongqing where he was party leader.  

Mr. Bo was subsequently removed from his post as party secretary in the 

city.  Many had thought him in line for promotion in a planned leadership 

reshuffle.  The investigation appears to have sparked a chain of events that 

led to the 62-year-old's demise; one of the most important political dramas 

in China in recent years.  Some western pundits argued that it suggested 

there was a fierce battle taking place ahead of the leadership change; 

expected to happen at the Chinese Communist Party's 18th Congress.  
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However, if one views this from a historic basis, several items rinse to the 

forefront: 

(a) this is a ‗mandate of heaven‘ issue to the Chinese citizenry and nothing 

more and (b) even if political rivalry pretexts existed for Premier Wen 

Jiabao, the message Chinese officials really received was that excessive 

corruption was hurting the prospects for better progress on PRC economic 

reforms and growth targets. Such would no longer be tolerated. 

One may be expected to profit from position in China, but there is such a 

thing as being too obvious about it and too greedy.  This is a major objective 

the State‘s strategic plan set out to get under control. Bo Xilai was replaced 

in his position by Vice Premier Zhang Dejiang.  Mr. Wen said Chongqing's 

leadership should ―reflect on and learn from‖ the scandal; and went on to 

indirectly—but very obviously—criticize Mr. Bo's attempts to revive the 

collectivist spirit of Chairman Mao Zedong with such activities as mass 

renditions of revolutionary songs. 

As the Zhou period model of governance crossed over into rational society, it 

was developed to extremely mature norms by personages such as Confucius 

(551-479 B.C.) and Mencius (372-289 B.C.) as philosophy while the spiritual 

application of these ideals were made manifest by the Buddha around 500 

B.C.; an entire century prior to some of the greatest thinkers in human 

existence such as Socrates, Plato and Aristotle in the Athens of Pericles. 

Thousands of years later, the precepts of family unity, deference to 

established authority and subordination of the individual to the greater good 

still provide influence. Interestingly enough, reminiscent of the American 

Federalist/anti-Federalist debates, a counter-school coexisted with 

Confucianism termed Daoism; attributed to a derivation from the works of 

Laozi in the sixth century B.C..  Politically, the Daoists wanted a return to 

primitive agricultural communes with a non-intrusive government that would 

respect individual liberties. 

Even today Confucianism is alive not only as a religious outlook, but an 

educational paradigm. Interestingly, the U.S. State Department has recently 

issued a directive requiring that the Chinese government‘s Confucius 

Institutes at U.S. universities must obtain American accreditation in order to 

continue to accept foreign scholars and professors.  The Confucius Institutes 

are sponsored by Hanban, an organization affiliated with China‘s Ministry of 
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Education, and are similar in aim to other government-sponsored cultural 

outreach programs like Germany‘s Goethe Institutes and Spain‘s Instituto 

Cervantes. Beijing has spent more than USD $500 million on the program 

since 2004, according to a Bloomberg report in November 2011.  

By the end of 2010, China had established more than 300 Confucius 

Institutes (plus an additional 369 smaller Confucius Classrooms) in 96 

countries and regions. Criticized by some as propaganda vehicles, in part 

because they limit discussion of politically sensitive topics like Tibet and the 

1989 crackdown on Tiananmen Square protestors, the institutes are 

nevertheless popular with cash-strapped U.S. Universities eager to take 

advantage of the subsidized language instruction. More than 60 U.S. 

Universities play host to the institutes according to a list on the Hanban 

website. 

Is the U.S. government taking on one of the Chinese government‘s best 

known efforts to promote China‘s image abroad? Several Chinese 

commentators struck a defiant tone in the wake of the report, with more 

than a few suggesting the directive was a sign that the U.S. had grown 

scared of China‘s growing cultural influence.  Even the Communist Party 

mouthpiece newspaper People‘s Daily waded into the debate, publishing a 

story on May 2012 in which it pointed the finger at ―political forces‖ in the 

U.S. that have ―always arbitrarily criticized the Confucius Institutes and 

incessantly tried to discredit the institutes‘ teaching activities.‖   

The move did garner some sympathy inside China, however; including from 

a Sina Weibo user writing under the name The Past is Like the Winds and 

Clouds: ―Ha ha, the U.S. is scared of our education,‖ the user wrote. ―It‘s 

because we‘re good at brainwashing. The U.S. is afraid we‘ll turn their next 

generation into our current generation.‖ Even in the times of the Shou, there 

was ferocious thought control. Huangdi ordered books which he disapproved 

to be burned – mostly Confucian works. Notoriously, he ordered 400 

scholars, also mainly Confucians, buried alive. 

A third Zhou school of thought innovation came from the legalists; who 

believed people only respond to fear of pain and the desire for pleasure. 

Consequently, social organization had to be built on strong laws providing 

for a clear system of rewards and punishments. A rulers authority stemmed 

from the office held rather than from some moral example.  They believed in 

socialized capital; the economy purpose was to enrich the state and 
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strengthen military power. These criteria are amazingly similar to the PRCs 

contemporary strategic goals. Not so surprisingly, this same philosophy 

breeds paramount adherence to arbitrary government, suspicion/hostility of 

intellectuals and distrust for merchants/markets.   

From 400 B.C. until the middle 250s was a timeframe known as the warring 

states period. Despite the disorder, societal fragmentation and major unrest; 

the kingdom attracted migrants, the cities became centers of culture and 

luxury while trade increased. Stimulated market exchanges also meant 

commercial taxes which heaped deposits into state revenues. Out of 

necessity, a professional governing class evolved…precursor to what we 

know today as civil service.  

By 300 B.C. or so, some of the Mongol and Turkic tribes formed a Xiongnu 

federation. The Great Wall was intended to deal with this threat. 

Additionally, the dozens (if not hundreds or thousands) of statelets were 

amalgamated. What was left over in the process was the principality of Qin; 

whose duke adopted the title of Wang (meaning King). The Qin, a great host 

of them not ethnic Chinese but Tibetan or Turkic, supplanted the Shou ruling 

house. By 221 B.C. they began the classical period of Chinese unification and 

the elaboration of Chinese culture.  

The central figure in this consolidation was the first gentleman to call himself 

―Emperor‖; Qin Shi Haingdi. The country moniker ‗China‖ is thought to be a 

derivative from Qin. His was truly a centralized government; replacing 

aristocracy with appointed officials. The incumbent aristocrats were not 

happy about this and Qin bought them off as well as forcibly relocating them 

en masse to Xian in opulent style so he could keep an eye on them and 

control them with stipends. Consequently, the presence of this new group 

attracted merchants and craftsmen. It became a center of arts, culture and 

learning through patronage. It represented a type of R&D venture capital 

fund for ambitious entrepreneurs, scholars and inventors. 

Huangdi also literally, not just intellectually, tore down walls. There were no 

―Second Amendment‖ rights either; Qin confiscated all private weaponry to 

be melted down. He promulgated novel principles concerning group 

responsibility and accountability (i.e. peer pressure). In his jurisprudence 

you really could be guilty by association…every family or clan member could 

be executed for the infractions of one.  That brought a form of government 

that politicized every aspect of Chinese life; from commerce to manners, 
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ideas and art. It extended to the elaboration of the distinctive Chinese 

systems of writing, art and literature; the development of a standard script 

and the first lexicon. Weights and measurements were standardized also but 

took the paradigm farther by producing a uniform legal code and metal 

currency.  

Yet, the energy, drive and martial costs of the Qin Shi Huangdi reign may 

have been too much for the empire to sustain. There was a growing 

resentment with regard to forced military service, public works and taxation. 

The literate classes obviously had their own justified reasons to lie in wait for 

an opportunity to reinvent the government. When the Emperor died, 

rebellion reared its ugly head. A mere four years after Huangdi‘s death, the 

next Emperor was driven to despair and committed suicide. A few turbulent 

decades later, a rebel leader named Liu Pang marched on the capital, 

dethroned the new young ruler and proclaimed himself emperor in 206 B.C.. 

It was the start of the next dynasty we know as the Han. 

From the Han to the Sui 

Around 200 B.C., what began and would continue for the next twenty-two 

centuries was not so much a process of continuing relations with foreigners 

as one of expansion and absorption of more peoples and territories into an 

increasingly large empire. The state the Han inherited from the Qin covered 

only a fraction of modern China but in the two millennia from the time of 

Christ its population multiplied by a factor of twenty or more. The state 

developed from an aggregation of tribes into a single people. The Han ruled 

from 206 B.C. until 221 A.D.; a period that is normally divided by historians 

into two halves. The dynasty began well enough: Emperors promoted 

economic recovery, reduced taxes, repealed unpopular laws and centralized 

controls. Over these four centuries they expanded their rule and trade in all 

directions.  

The most important of these Emperors was Wudi, who came to the throne in 

141 B.C. and reigned until 87 B.C.. He did not further the bureaucracy but 

keenly produced an ideal of imperial administration that persisted. Legalism 

was tempered with a resurrected Confucianism. Wudi began a system of 

examination and appointment to civil service by merit. The later Han 

emperors were themselves given a proper Confucian education. Art and 

literature flourished with guidance from the throne. The first dictionary was 

compiled. Lacquer work reached new levels; astronomy and magic were 

developed while textbooks on medicine and arithmetic were printed. 
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Language was standardized and education more widespread. China‘s sense 

of eminence was further strengthened by a spate of Chinese inventions. 

Having already discovered the paper manufacturing process by the time of 

Christ, they added the decimal system, the horse collar and the 

ploughshare. Their physicians detected circulation of the blood while a 

brilliant scientist named Chang Heng devised the seismograph and (15 

centuries before Galileo) conceived of the world as a globe that could be 

looked at with a kind of grid. A few centuries later they invested gunpowder, 

matches and the principles underlying helicopter rotors/blades. 

Border instability persisted, however; the most important of the raiders were 

the Xiongnu from the nomadic steppes. These were the ancestors to the 

Huns that scourged Europe. Wudi attempted to parlay with the Xiongnu 

through an emissary named Zhang Qian. Taken into custody by the Xiongnu 

rather than treated as a diplomat, Zhang escaped but took thirteen years to 

return home.  The intelligence he provided his Emperor whetted the imperial 

appetite for westward expansion; especially the caravan routes leading 

through central Asia to the modern Persia, Iraq and Syria.  The two routes, 

circumnavigating the main deserts became known as the silk road. 

Wudi also learned of the existence of a new breed of horse located in what is 

now termed Uzbekistan. It was just what his cavalry needed. An alliance 

with the Xiongnu was reached by 51 B.C.. Keeping the trade routes open 

naturally meant securing them. Ban Zhou is perhaps the most famous 

Chinese general and administrator ever sent to Turkestan. He conquered 

Xinjiang and took 70,000 troops across the Tien Shan mountains as far as 

the Caspian sea.  A few of his advance guard may have reached the Black 

sea and Mesopotamia. These themes were important factors in Chinese 

politics and strategy for the next two millennia; and have strong echoes in 

modern wary relations for the 21st century. 

On the other hand, the silk road and its goods do seem to have brought 

some of the first indirect contacts between the Roman empire and China. In 

53 B.C., Marcus Licinius Crassus and his legions were pursuing Parthians 

across the Euphrates when the enemy wheeled, stopped the legions in their 

tracks with a shower of arrows and unfurled great banners of silk. Their 

sheen in the blazing sunshine completed the demoralization of the Romans.  

They at once sought more of this material for themselves. Silk garments 

became so fashionable in Rome that by 14 A.D. Tiberius banned men from 
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wearing it lest the country become decadent. In exchange: Rome sent to 

China glass, textiles, dyes, precious stones, metal, coral amber and gold. 

China expanded trade with ceramics, lacquer, weapons, furs and rhubarb. 

Trade profits grew but an imbalance accumulated. The contrast between 

westerners and China was stark; one desirous of distant exploration and 

adventure while the other altogether more introspective and domestically 

centric. 

No empire lasts forever and the Han was no exception. Campaigns to quell 

strife used up the savings made by earlier administrations of Wudi.  By A.D. 

184 in addition to factionalism, corruption and treachery two Daoist 

rebellions  some nineteen Xiongnu tribes had to be resettled in exchanged 

for armed help.  The fall of the Han really began with a conjunction of such 

home grown insurgency with continuing inability to protect the borders. The 

final collapse was triggered in 189 as anarchy spread. In late 220 the last 

Han Emperor abdicated.  The dynasty was finished. There followed three and 

a half centuries of unrest that coincided with the breakdown in the Roman 

empire. After this were several centuries more of confusion and disunion.  A 

general named Sui Wendi reestablished a semblance of the former working 

system.  This empire demonstrated what a multi-cultural and multi-ethnic 

enterprise could do. 

Sui simplified administration and imposed large-scale legal reforms. He 

unified the bureaucracy, lowered taxes and ordered land redistribution. 

However dissatisfied factions incited his son to rebel.  The prince overthrew 

his father as Emperor Sui Yangdi. He reorganized the Confucian examination 

system and undertook the extension of the Grand Canal across the Yanzi to 

the Beijing region. This wholly changed food supply patterns. However 

beneficial this was, the project cost too many lives.  The Emperor‘s  personal 

extravagance left the government bankrupt. In 618 he was assassinated and 

Liyuan took the throne with the imperial name Gaozu and founded the Tang 

Dynasty. 

The Tang and Song 

The Tang lasted until 907 and became one of the most famous dynasties in 

the entire history of the empire.  Tang China may have become the richest 

and most sophisticated state in the world of its time.  The dynasty presided 

over a period of cultural exuberance; the brilliance of the poetry and 

ceramics probably never were surpassed.  Tang influence spread far and 

wide; into many parts of Asia, Europe and Africa.  They continued the Sui 
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practice of having a professional standing army. Yet the Tang became overly 

ambitious. In 751 central Asian states allied with an Arab army to defeat the 

Tang forces near Samarkand.  That ended Chinese rule in Turkestan but not 

friendly business relations with the Caliph. Arab mercenaries even became 

part of the China forces later which through intermarriage begat the spread 

of Islam there. Islamic expansion and prominence elsewhere allowed for 

bilateral trade reconstitution to a former prowess.  

The Tang legal code of 642 proved influential throughout the Asian region 

beyond China itself. Taxes were tripartite contributions in amounts of grain, 

textiles and public labor or military service. Manufacturing rose in eminence 

in terms of iron smelting while other industry niches in weaving and pottery 

expanded.  Cotton was added to the silk repertoire.  China also published 

the first pharmacopeia. Block printing was introduced but did not disturb 

painting and calligraphy.  The distinction for all this was that the Tang were 

intellectually curious even about foreign ideals and technologies. 

The Tang also cultivated diplomatic relations to bolster this innate drive 

toward knowledge. Trade links helped in knowledge transfer and openness 

fostered wider commercial opportunities.  Chinese vessels were large, up to 

700 tons, with up to five decks.  In dialog with other seafaring nation-states, 

the Chinese assimilated good ideas readily.  For instance, Chinese mariners 

noted that when Mesopotamian ships went to sea, they brought along 

homing pigeons in case of distress; so that messages could be sent 

requesting relief. 

Unfortunately the Tang dynasty began to weaken as early as the eighth 

century. Once again, military expenditures and foreign efforts became too 

heavy to sustain. Court politics became more volatile, arbitrary, self-

indulgent and incendiary. China gradually became more insulated as 

factionalism promulgated.  A temporary halt to this trend was established by 

China‘s only female monarch, Wu Zetian (684-705 A.D.).  She originally was 

a concubine to Gaozong but began governing when her emperor died of a 

stroke.  She was China‘s twin to Russia‘s Catherine the Great in almost 

every way. With her dotage the imperial house may have become more 

ruthless but ever more ineffective. Subsequent leadership such as Xuanzong 

(712-755) began wisely but quickly caused offense with extravagance and 

obsession with the opposite sex instead of concentrating on statecraft. 
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A revolt mandated the emperor execute his favorite concubine to which he 

reluctantly complied. As a by-product, China became a militarized society 

with a destabilized rulership.  The dynasty never fully recovered from this. 

Taxation as well as trade broke down.  Corruption, oppression and banditry 

replaced Confucian, or even Buddhist, ideals.  The crescendo to the turmoil 

in 906 A.D. was a fresh army rebellion and the last Tang emperor had to 

abdicate.  There was an interval of almost a half-century between just chaos 

and warlordism before the next firm dynasty could take hold. 

In 960 the commander of the palace guard, Taizu, was made emperor when 

his men forced him to take the throne. It was done amazingly peacefully and 

founded the Song dynasty which lasted until 1279. The Song renounced 

expansion in other lands to reunify core China. The military arts were largely 

neglected as troops were brought back home.  It was the first wave of this 

rule, up through 1126, when peace encouraged higher food production and 

population growth. It was an uncommonly civilized and productive period for 

the art forms; to include literature, theater, painting and ceramics.  Printed 

books had an immediate impact on literacy and higher-education. Civil 

service standards were raised.  

However, military weakness always has a price. In 1126, the nomad cavalry 

of the Jin captured Kaifeng, crossed the Yanzi to sack Hangzhou and Ningbo. 

The Song were forced out of northern regions of China entirely. Considerable 

numbers of Chinese in northern China found themselves ruled by non-

Chinese, so the rule of the Jun produced a kind of dual polity.  Closer to the 

heart of the country, the Song built up an efficient centralized government 

made up of scholars.  Meanwhile, growing wealth brought a new mercantile 

class up from the commoners.  

They promoted private trading, so government office or landholding were 

not the only pathways to prestige and enrichment. Cities grew as the empire 

again induced foreign exchange; this time the innovation of the Song was to 

bring the foreigners, along with their capital and knowledge, into the 

country.  By 1200, cities such as Hangzhou covered seven square miles with 

a population forty times greater than London at the same date. That growth 

was fueled mainly because of the foreign trade missions and enclaves of 

highly desirable goods. Representatives from Eurasia and the Middle East 

vied for leverage to expand operations. 
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Foreign merchants were encouraged to so with lucrative tax concessions and 

settlement privileges. Permitted to intermarry, some became recruits into 

the Chinese bureaucracy. The new middle class now had larger homes while 

the working class masses lived in tenement-type dwellings; some eight 

stories tall.  In any case, more commercial activities needed greater reach. A 

variety of contacts in travel and trade continued for several centuries to 

offset the debt and famine years.  Foreign trade became mega-business for 

the Song; exchanging silks for spices of the East Indies such as pepper, 

nutmeg, cardamom, balsam and myrrh. Some of these were used for 

cooking to disguise the awful taste of foodstuffs in an era without 

refrigeration to retard spoilage. Others were precursors in medicines, 

fumigants, scents and soaps. The spice trade outpaced the ability of silks, 

porcelain and copper cash to pay for them. The Chinese innovatively 

resorted to the concept of paper money and promissory notes. The 

government carefully controlled all this. To protect this sensitive 

arrangement, China established a Navy featuring armored vessels driven by 

treadmill power and paddle wheels…even housing their version of the 

Marines touting cross-bows. Hundreds of such ships manned by 50,000 men 

were unable to prevent the peace and prosperity themselves from 

undermining the Song dynasty.   

Growth brought problems to court the bureaucracy had to expand in order to 

address. Power shifted as a result. Their willingness to appease the people 

by coining more money inevitably led to inflation and hardship for the poor. 

Tax evasion was aided and abetted, at a price, for the wealthy. Obviously 

this engendered budget deficits as state receipts lagged expenditures. The 

loss in patriotism made more people relaxed about foreign intrusion – the 

extension of the previous foreign residencies.  

The Confucians‘ comfortable assumptions and moral authority were trumped 

by power politics and force.  This is ironic since Confucian pragmatism itself 

said that ―the unavoidable must be accommodated and rationalized‖. By 

1165, the Jins and the amalgamated/displaced Song agreed to regard each 

other as having equal rights, but such arrangements allowed the void to be 

filled by the Mongols. In 1233 the Song thought they would be clever to also 

ally with the Mongol menace to eliminate the uncomfortable and 

disingenuous overtures to the Jin.  This the Mongols agreed to – but superior 

at duplicity – this was only to ensure they could chop up both rivals 

piecemeal.  In 1276 they seized the capital and toppled the dynasty. That 

coup was led by Ghengis Khan. 
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The Ming 

The Mongol reign, some of which we covered previously in highlighting the 

Marco Polo expedition and associated East-West exchanges, happened from 

1210 to 1368. This was a long time for the ethnic Chinese to despise the 

‗uncouth‘ Mongols. Within the court, intrigue and dissention became rife. The 

latter weaker rulers failed to deal with floods, clan quarrels and inflation. The 

chief rebel leader, a ruthless ex-peasant named Zhu Yuanzhang, captured 

Beijing and the last Khan fled without a fight; returning to the steppes.  

That rebel leader became the emperor Hongwu (meaning ‗immensely 

martial‘). Obviously, he had a determination to impose sweeping reforms 

such as relief for the poor. Authority and power emanated from the throne 

alone.  Under him, and his dynasty which was to last for 276 years, the 

empire became great and rich; with long periods of largely unbroken 

domestic peace. Yet taking the Ming period as a whole, it is hard to avoid 

two striking impressions: 

First, that in broad outline and for all the differences in detail, the chief 

factors that produced the rise, decline and fall of the Ming dynasty are 

remarkably similar to those that affected the Tang and would in time 

similarly affect the successors to the Ming; the Manchus. Second, that in 

each case the cycle had to do with three overlapping difficulties which these 

empires never really resolved and would eventually led to each dynasty‘s 

collapse. 

They were the problems with volatile rim-lands and their peoples; of 

population growth with its ramifications toward economic or political control 

and of the inadequacies of the imperial core. For the Ming, the first of these 

began as not much more than a continuation of Zhou‘s march to power. 

Hongwu‘s successes remained fixated on the Mongol danger while a similar 

huge threat (which fortunately for them never fully developed) came in the 

reign of the conqueror Tamerlane; who died on the way to China in 1405. 

By the start of the fifteenth century, the Chinese were not only the most 

advanced civilization in various industrial skills but their naval architecture 

had reached the point where they could construct hundreds of ships in 

varied sizes.  These vessels reached India as early as the fifth century A.D. 

and by the 750s Arab traders settled in Canton.  The Nanjing shipyards 

alone built 2,000 sea-worthy platforms in just 15 years leading up to 1419. 

100 of these were ‗treasure ships‘ that were said to have been far larger and 
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more commodious than anything available in Europe. The displacement is 

estimated at some 3,000 tons and the size of a modern football field. Other 

interpretations gauge them as having four decks, a dozen masts up to 90 ft. 

high and fifty cabins. They used stern rudders, compasses and maritime 

charts to transport up to 500 persons.  Engineers today scoff at this notion 

because of the timbers and materials available. Since the Chinese authorities 

later destroyed the records and drawings, intentionally to suppress sea-

faring later, the issue may never be finally settled. 

In any case the Chinese achieved a brief dominance over some of the key 

commercial centers on the Indian Ocean, Sri Lanka and the Straits of 

Malacca.  After 1433 it all came to an abrupt end. There were many reasons. 

In a court filed with intrigue, there were plots against Admiral Zheng He 

(appointed by Emperor Yong Li) who was not present to defend himself. It 

was whispered about that naval expeditions were expensive and the Zheng 

He expeditions had no aims that seemed worth it.  It is possible there were 

no serious commercial purposes as the record indicates an imbalance toward 

diplomatic or flag-showing excursions in areas where China had no vital 

political or strategic interests. Fiscal-budgetary crises inflamed the talk. 

When the Emperors mismanaged army was defeated by the Mongols in the 

North, he himself was captured in 1449. To support the dynasty, the 

captured ex-emperor renounced his claims in favor of his younger brother. 

He was able to return later when other plots killed the brother in 1457.  One 

result of this was the Ming abandoned all forward campaigning and set about 

strengthening the empire‘s defensive works – the Great Wall. 

The expense in lives in its construction could not easily be recouped, but the 

monetary pressures were eased by trade through Spanish Manila which 

brought in large quantities of silver in exchange for tea, silks and porcelain. 

Given that backdrop, seagoing voyages were suppressed.  In 1480 the war 

ministry destroyed records of Zheng He‘s voyages. Well before 1500, the 

Emperor banned further ship construction and he forbade his subjects, upon 

pain of death, to go to sea.  Foreigners were confined to a few points to 

avoid infecting China‘s peaceful domestic order. This incident may be rivaled 

in post-World War II Canada when their government decided to forego 

technological advances from the Arrow jet aircraft program by physically 

destroying everything associated with it; tooling, blueprints et cetera.  These 

decisions turned out to be as costly for China as they were in Canada‘s 

instance. 
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The China seaboard had been vulnerable to the Japanese; who were already 

plundering Korea. Somewhere among the piracy there arrived a new set of 

rough foreign sailors; this time from Europe.  They were the outriders of  

revolutions whose effects were to shake Asia to the foundations - The 

Renaissance and the Reformation.  Together with these came the growth of 

commerce and personal wealth.  The consummate enterprise and curiosity 

promoted enquiry and exploration. 

European overseas expansion, which was to have such profound long-term 

effects everywhere, stemmed from a combination of strategic need 

(Ottomans took Byzantium), religious fervor (expulsion of the Moors from 

the Iberian peninsula)and the rise of a pre-eminent monarchy destined for 

domination.  Even so, exploration needed more; what we would today call a 

multilateral effort. Genoa, the Florentines came in with banking support from 

the great German houses like the Fuggers.  With the disintegration of Pax 

Tartartica, travel and trade by land became unsafe again. Incrementally, 

Portugal in particular established logistical ports through men such as 

Bartolomeo Diaz and Alfonso d‘Albuquerque.  

The overrun of Goa and Malacca gave them a lock on the gateway to the 

spice islands and an introduction into Chinese traders with silks, pearls, 

satins and dinnerware.  In 1513 they set foot near Macao. The Portuguese 

hoped to set up a permanent trading base there but the Chinese were none 

too keen on the idea. Eventually a deal was struck in 1535 that was 

expanded in 1557.   

Other Europeans were quick to challenge the Portuguese; the Spaniards in 

particular. Magellan, Balboa and Cortes made sure of that. By the time the 

Spaniards reached the Philippines, Chinese merchants had long been there. 

There they were followed to China by the Dutch who displaced the 

Portuguese in several strategic islands. Alongside came the French, the 

Russians and the Hanseatic league. Their missionaries probably inflicted 

more perturbations than the sailors. 

The Jesuits in particular did a great deal for China‘s progress in 

mathematics, astronomy, map-making, geography and other scientific fields. 

In effect, men such as Matteo Ricci and Adam Schall von Bell were the first 

western technical experts in the empire. Unfortunately these were 

undermined by population growth and administrative failures…lessons not 

lost on the current People‘s Republic. The Ming were far too focused on the 
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Emperor, the large imperial staff and six central ministries.  Confucianism 

resurgence attacked the financial sector. There were no monetary policies to 

curb inflation caused by the printing of paper money and there was no single 

unit of accountability; exchange rates varied by locale even in the same city.  

Advances in health, infrastructure and agronomy prolonged life expectancy 

as it should. In the short span of 1400-1600 the populace doubled to 

perhaps 160 million people. 

By 1600 the Ming empire was at its peak in power and glory. Within two or 

three decades it was in terminal crisis. The country had become too big, too 

diverse and too ungovernable.  So when a highly organized group calling 

itself the Manchu, it capitalized on the Ming failure to cope with decline and 

disruption at home.  With population growth jobs became more scarce. The 

homeless wandered around desperately. Riots ensued as in Jiangxi province 

and the Yangzi delta.  There was hunger, banditry, anarchy, drought, famine 

and lawlessness. On the other hand, flood, locusts and epidemics were ever 

present while globalization impacted the economy through altered 

regulations by others. Efforts at centralization, in the mid-1600s, merely 

strengthened bureaucratic sclerosis.   

The last few decades of the dynasty were too often a tale of factions, 

suicides and executions of people newly disgraced or simply (as maybe in 

the present case of Bo Xilai) simply too powerful.  In these conditions even 

Great Walls could not keep China insulated; especially from organized 

opponents just beyond the border; in Manchuria.  

The Manchus 

By early 1644 Li announced the establishment of his own new dynasty, the 

‗Shun‘, and moved on Beijing. When the Emperor committed suicide, his 

senior General Wu Sangui was particularly displeased when Li acquired Wu's 

most delicious concubine and refused to give her back.  So, he joined the 

Manchus, fought off Li's army and galvanized other Manchus. Li retaliated by 

killing Wu's father and putting his head up on Beijing‘s city walls. Looting 

erupted and Li fled.  Two days later the imperial palace had new occupants. 

The conquering army was actually quite small – much smaller than Li‘s. The 

Qing as the dynasty called itself took a great deal of trouble making them 

acceptable to Chinese society.  Otherwise the Qing ran their empire largely 

on traditional principles.   
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As early as 1650 or so the Manchus like some of their predecessors found it 

necessary to try to root out the endemic corruption of the governmental and 

judicial systems. The second Manchu Emperor, Kangxi, reigned for no less 

than sixty years (1662-1722). He proved to be a remarkable ruler. Indeed, 

the 133-year governance of the Kangxi clan (son Yongzheng and grandson 

Qianlong) represented the high water mark for the Qing civilization. They 

took personal interest in science and technology in collaboration with the 

Jesuits; commissioning maps; acquiring academic collections and 

underwriting both the construction of a dictionary as well as an encyclopedia 

set.  Domestically, they also made flood controls, canal repairs and nature 

conservancy priorities. 

There was no great change to their principles of foreign affairs. The empire 

continued to see itself as the center of the civilized world to which properly 

brought-up foreigners should pay tribute.  Kangxi made Adam von Schall a 

mandarin as well as Ferdinand Verbiest.  Both advised on engineering and 

scientific matters which culminated in their appointment to running the office 

of astronomy. In 1687, five French fathers arrived and one of them treated 

the Emperor with quinine for malarial fever.  A fallout with Christendom 

erupted over the issue of recognizing official state Confucianism as a purely 

secular rite. The Jesuits always conceded and presented Europe with a 

hugely flattering account of Chinese ethics. The remaining mendicant and 

missionary religious orders steadfastly opposed this. Rome sent an inquisitor 

to China in 1705.  

The Emperor had the papal legate, Bishop Mailard de Tournon, imprisoned in 

Macao where he died in 1707. In 1715 Clement XI issued a Papal Bull 

banning the strategy of accommodation under pain of excommunication.  

The entire basis of the Western spiritual campaign was seriously weakened. 

Kangxi wanted to reopen China to Western science and to restore trade; 

which meant admitting foreign caravans in the north in addition to European 

ships in the south and east.  

Aside from the Portuguese in Macao and the Spaniards or the Dutch in 

Formosa, British merchants gained entre‘ to Xiamen and Canton. The East 

India Company quickly became a monopoly to buy porcelains, silks and tea; 

all of which enjoyed a buoyant demand back in England. The Dutch 

expanded somewhat for helping the imperial forces recapture Formosa from 

their headquarters in Batavia.  In compense, Beijing granted them trade in 

Fujian and Chekiang.  
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For the Qing empire, this commerce was quite useful but not relegated much 

importance politically speaking. However, as Western presence increased, 

the Qing, unlike their Ming predecessors, allowed some official foreign 

embassies to visit Beijing. Although the multitude of envoys all accepted 

Chinese ways of doing things, none of them achieved much except to confer 

on the Chinese more of a sense of China‘s ineffable superiority.  

The slow clash between Occidental and Oriental cultures was beginning to 

become irritating to both parties. What the Emperor could not see and the 

Mandarins did was that the Europeans were no longer content to visit, be 

marveled and go away.  Rather, they wanted negotiations on equal terms. 

By the early or mid-seventeenth century, Chinese and Europeans had vastly 

different impressions about one another. This had more to do with the 

opportunity for riches based on the size of the empire and the reach of the 

dynasty than anything else. 

As translated works from China found their way back to Europe for wider 

circulation, the literature promoted intellectual and religious turmoil there. 

They tended to undermine Europe‘s established views of the world to include 

Christian doctrines. Conversely, other than the technology and cash 

transfers, Europe did not directly immediately affect China at all.  The Qing 

were preoccupied with border raiders, Tibet and the greater danger in the 

form of a Russian push. 

That all started when the distributed Mongol principalities outsourced 

settlement administration and government to focus on loot. By 1325 Ivan 

the First made a deal to become the Mongol tax agent for all Russian 

precincts.  This changed the balance of economics, colonization and transit 

to become fixated on Moscow.  By 1478 Ivan III managed to consolidate rule 

over most of Russia.  It was he who adopted the moniker, Czar, from the 

ancient Byzantine regents. 

The Russian program of wielding Muscovy into a single state relied heavily 

upon technical development; especially in weaponry. Ivan noticed that 

Constantinople fell to the Turks had little to do with Mohammed‘s promised 

rapine to the assault troops but because he used Christian artillerists to cast 

cannon for him.  Ivan sought some of these out for his own and used them 

to conquer outward. Expansion eastward was encouraged by Ivan IV (‗the 

Terrible‘) and he built elaborate defenses to maintain his gains. 
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One of Ivan‘s trade instruments was the Stronganov family. In 1575 they 

received salt and land concessions; and staked out the Urals. The 

Stroganovs hired German and Swedish war veterans as mercenaries to join 

their Cossack freebooters. In 1580 they captured Sibir and deposed the local 

Khan there. One across the Urals, Siberia was colonized virtually without 

resistance.  They had a ruthless appetite for plunder and such was aided just 

as much by germs than guns. Smallpox was the culprit that devastated 

isolated native groups who had no resistance to it (much as happened in the 

Americas to the native Indians through European contact). 

As early as 1585 the Czar had received a total of 200,000 sable pelts from 

Siberia as tribute payments. In 1613, Mikhail Romanov, a distant relation to 

Ivan IVs wife, founded a dynasty of his own that lasted until 1918 when the 

Bolsheviks murdered Czar Nicholas II and his entire family.  By 1660 furs 

were providing one-third of all Russian treasury receipts. Prospects for land 

and trapping wealth fueled immigration east much as the Scots-Irish 

emigrated to North America at more or less the same period.  

Major imperial drama was acted out by tiny groups of men. China paid 

attention to this.  Mongol traders had long talked up Chinese treasures and 

Russia badly needed gold to finance wars in Poland, Sweden and the Crimea. 

Not to mention the modernization drive of leaders such as Peter the Great. 

From 1689-1725, he spent time benchmarking first-hand (often in disguise). 

He created a brand new navy; among other military build-outs. The result 

was a sharp increase in power relative to the European states.  

In any event, this all created major issues between China and Russia. Both 

sought control of trade in central Asia.  Neither had adequate information 

about the other. There was little appreciation in China that Russia 

represented a rapidly growing Europe in collective industrial might, curiosity 

and greed.  The Siberian demands for food helped make China a tempting 

target for aggression and plunder. 

The first region to try was the Amur River basin under Vassili Poyarkov. The 

weather over two years reduced the expedition to a shadow of its former 

raiding self, but did bring back fruitful reports about the opportunities 

available to capitalize on if a reconnaissance in force were later conducted. 

Of course while the Russian excursion alienated the locals its presence also 

alerted Beijing of the approach. The entire Manchurian possession was 

threatened by the invasion led by Yerofei Khabarov.  
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Initial skirmishes favored the invader because the Chinese wished to capture 

the leader alive for parlay or graft.  Later, the defending forces co-opted the 

population in leaving no resources from which the Russian horde to derive 

sustenance. Then, when a full-scale land-sea battle broke out, the new 

Russian leader, Onofri Stepanov, was killed.  This victory drove the insurgent 

column back to Siberia. Kanxi withdrew his troops from the region. 

Of course, the Cossacks came back almost as soon as the Imperial troops 

dispersed. To make matters worse, a Mongol Prince (Galdan) spread 

rebellion to create a united and independent country. With the support of the 

Dalai Lama, he succeeded in welding many tribes into a cohesive fighting 

machine that swept through Moslem Central Asia.  In 1670 he controlled 

Xinjiang and occupied proper Mongolia. These threatened the Chinese 

heartland.  The dynasty made promises of food to check the option of a 

Mongol-Russian alliance.  Beijing refused Galdan the unrestricted trade 

across all borders that he desired while seeking to emplace a buffer between 

both forces. 

Since the Russians were more inclined to do business than acquire parts of 

China itself, the Qing court realized that the Cossack raids were state-

sponsored rather than a series of robber-bands.  China sought extension of 

commercial privileges in return for Russian evacuation of the Cossack 

settlements; including Albazin. The Russian head of delegation was the 

unscrupulous, arrogant scholar Nicolai Gavrilovich Milescu; who easily 

discerned China was weak.  Neither side gave way on the central issues of 

protocol, commercial relations, boundary disputes, the return of defectors 

and control over the Amur region. 

The Chinese took it by force.  A well-prepared deployment of traditional and 

riverine units convinced the Cossacks to surrender Albazin. The Chinese sent 

terms to the Czar to include the demarche of Milescu. The difficulties 

logistically as well as the command-control issues showed Moscow how 

troublesome it could be to hold such a vast protectorate and wondered aloud 

if the Mongols might ally with China against Russia.   

The Chinese did not want a full-scale war either and had their own version of 

Prince Galdan rejoining Russia in confederation.  So, the Czar sent Fedor 

Alekseyevich Golovin. The delegations met in the frontier town named 

Nerchinsk; and it was the first time in modern history that there were 

serious negotiations between China and a major foreign power. Several 
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China interpreters from France and Portugal were present; given the 

temporary rank of Colonel in the Imperial forces.  Although both dies spoke 

Mongolian, Latin was used as the official interlocutory tongue. Although 

time-consuming to have done so, the result was the treaty of Nerchinsk in 

1689.  This largely regulated relations for the next century and a half.  The 

equal signatures on both ends of the negotiating table strongly implied an 

unprecedented acknowledgement by the Qing that another state could be 

equally sovereign. The Chinese regained not only Gantimur but all of the 

Amur River Valley. The treaty cast a long shadow as did the follow-up treaty 

of Kiakhta; which settled the border boundaries and citizenship of those 

astride them. 

When the final Russian mission in Beijing ratified the minutia, the trade 

arrangements satisfied both parties. The trading centers thus established 

became the model for future Chinese strategic Western engagements. China 

was then allowed reign to settle scores with Prince Galdan, who Russia 

rebuffed repeatedly throughout the China negotiations. The final battle came 

in 1696 and a year later, Galdan was dead – taking his ideals for an 

independent state with him to the grave. 

Meanwhile, frameworks such as the Nerchinsk Treaty are just that.  There 

are always implementation growing pains that remain unsettled. From 1698 

to 1718 there were no less than ten Russian official trade missions to China. 

The numbers of people in each venture and the prices for the goods were 

sources of mutual irritation. Permanent consulates were sought. Some 

‗unofficial‘ merchantmen traveled on forged papers. There was also 

smuggling; so much illegal selling that it depressed prices for the official 

investments. 

In 1719 there were more issues on the agenda; this time about unrestricted 

diplomatic travel throughout China and freedom from customs duties.  The 

newly minted consulates fought for jurisdiction over their visiting citizens 

who ran afoul of Chinese authorities; foreshadowing difficulties a hundred 

years later with all the Western powers.  The two sides talked past each 

other and in these matters rested an awaiting a mutual change of monarch.  

In 1725 there came such a coincidence; both sides desirous of normalized 

relations.  Moscow decided on yet another embassy to include geographers 

and military attaches with experience with Central Asia if not China. The 

caravan system was retained by consent at Kiatkha in 1727. One 
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rediscovered innovation was to create a limited number of educational-

cultural exchange fellowships; at least for linguistic pursuits. In fact, Russia 

gained something akin to a recognized place in the Chinese system (i.e. 

most favored nation status).  It was more than a century before any other 

power was ceded similar stature. Kangxi was amused to receive continued 

tribute payments from Russia but predicted the whole structure of the deal 

would be a cause of trouble to his successors.  For the first time ever, China 

sent an embassy to Russia. 

Just as the unobtrusive arrival of the Portuguese and Spanish on the shores 

of Ming China had its origins in revolutionary political and economic changes 

deep within Europe, so too European demands on the Qing would in time 

(even more forcibly) undermine China‘s desire for social stability through 

isolation.  In fact, there are almost eerie similarities between the frontier 

difficulties, population growth and central government controls that had 

undone the Ming and those that would unhinge the Qing dynasty from 1644-

1911.  

1683 brought the defeat of the Ottoman empire in Vienna by the Polish 

lancers under John Sobiesky.  Louis XIV launched an era of military and 

cultural dominance. Dutch finance peaked in the 1660s while Britain 

emerged from the long trauma under the Stuarts. 1719-1816, in particular, 

was marked by wider change in power and reach.  The Treaty of Westphalia  

ended the Thirty-Years‘ War but also engendered new standards for State 

relations and Sovereign equality for rulers.   

The world was also affected by a modern scientific revolution shortly before 

the Enlightenment, which altered the very vocabulary of politics.  With its 

stress on social perfectibility through reason, it promoted ideas that 

stimulated several drives toward independence in various forms and extents. 

The arrival of steam later in the eighteenth century revolutionized both 

manufacturing and transportation. Technology transfer brought along factory 

systems, new markets, productivity yield increases, vast capital and credit 

investment houses – with a good deal of social misery. All of this shifted the 

paradigm about free trade…not just the commercial benefits…but its 

contribution to political and even spiritual liberalization.   

To the West, trade would be a harbinger of both their version of civilization 

and Christianity while continuing to spout handsome profits.  For the 

moment however, the Europeans remained a minor nuisance for the Chinese 
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authorities before the mid-1700s. The constant competition across countries 

vying for greater China market access demonstrated to the Chinese that the 

foreigners were comprised of some cultural brilliance of their own as well as 

increased techno-econo-politico clout.  Now there was a pause. Then in 

1770-1780 three developments converged. The power politics in Europe had 

tipped in balance; China‘s control arrangements for foreign trade was 

challenged and European (notably British) attempts to gain state-state 

relations with China to circumvent the obstructionism of Canton officialdom.  

The latter entertained objectives of transferring enterprise management and 

technological innovations into China. 

Some impetus about this approach stemmed from the Franco-British Seven 

Years‘ War that confirmed Anglo primacy in India and the East as well as 

affirmed their command of the high seas. Overthrow of the monarchies in 

America and France were followed by the Napoleonic episodes that 

underscored Britannia‘s industrial capacity as much as their power projection 

capability.  Yet even then, it hardly occurred to the Chinese ruling classes 

that apart from such oddments that the Europeans might have anything to 

say that would be of great interest.  

It was not that Chinese views of Europeans were always dismissive; just 

disregarded. In Europe, the reaction was quite literally the opposite; anxious 

debate as to what the West might learn from China. The enthusiasm did not 

last.  Montesquieu, for one, voiced in his dispatches reports that China was a 

despotic state whose guiding principle is fear. The onset of more rapid 

communications across the waters created their version of on-the-spot 

reporting; and much of the monologue characterized the Chinese as crafty 

and unreliable in business.  

Meanwhile, the domestic pressures associated with the frontier continued 

and Emperors, to be perceived as strong, had to create stability in these 

areas…meaning, imposition of forceful controls. For instance, Qianlong 

started in the late 1740s a series of ten military campaigns over a forty-five 

year period against central and southeast Asian peoples.  Three of these 

were in Burma around 1760; all over the issues with frontier tribes. Such 

matters incurred progressively heavier Chinese losses (it turned out the 

Manchu cavalry upon Mongol mares had no utility in Burmese rainforests).  

The costs and logistics associated with both offensive and defensive 

operations, just to save face, were crippling.  Several decades in the 
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eighteenth century alone were devoted to strengthening garrisons and 

extending supply lines.  Internal policing by the latter 1700s served to 

extend the Qing grip over northern Manchuria, the whole of Mongolia, 

Turkestan, Tibet and the northwestern tribal enclaves.  

Coincidentally, dealings with Beijing and the Chinese merchant communities 

resident in tributary states (e.g. Nepal, Indo-China and parts of India) 

contributed greatly to the wealth of the state.  Arguably, within a few 

decades following the Treaty of Kiatkha, the empire of the Qing dynasty 

expanded to its greatest extent ever (greater even than the People‘s 

Republic in the 1960s-70s heyday). 

However, as it is joked about in gymnasium locker rooms everywhere, size 

is not everything. Strength and size are two unrelated parameters in political 

science; other than the instances of being negatively correlated. By the 

middle of the eighteenth century, the Qing empire was at its peak of power 

and wealth but already exhibiting symptoms of a terminal illness.  Many 

successors to the first emperor in the line lived in prosperity purchased from 

the original long period of Peace at that earlier time.  They were spending an 

inheritance, so to speak. 

When Kangxi‘s fourth son Yongzheng stressed uniformity and centralization 

to deal with land reclamation, while keeping taxes down – the 

manufacturing, arts and sciences flourished. When he also prioritized 

infrastructure improvements to roads and canals; commerce transportation 

likewise vectored upward and banks began to form.  In the end, as history 

oft' repeats in China, land set conditions for their fate. As science and 

technology transfer from outside improved cultivated areas, irrigation, crop 

rotation techniques, synergistic crop sewing, fertilizer augmentation and 

genetic rice engineering…food yield rose also. The downside was geometric 

growth in longevity and fertility rates.  Demography is destiny. Population 

density became imbalanced to the ecosystem. Impoverishment was a 

burgeoning risk.  The government was at odds keeping up with flood relief 

and appropriate resource distribution…even in a land of plenty there were 

local famines to address.  

More and more, power devolved to the local gentry who were not trained 

administrators and had little incentive to do a good job. Miserable leadership 

for two decades produced not just misery but rebellion.  Incompetence and 

corruption made it easy for groups such as the White Lotus to recruit 
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dissidents. Although western interests were keen on trade with a supposedly 

enormous China marketplace, the true trading systems were inter-provincial. 

China as a whole was largely self-sufficient and her merchant class became 

powers unto themselves (except for being subject to uncertain taxes and 

arbitrary, if not capricious, whims of officialdom). 

Between 1720 and 1806, the volume of trade between Canton and Europe is 

reckoned to have doubled every eighteen years. Commercial growth 

remained within the established framework of imperial autocracy.  The 

official world operated far above the world of commerce.  In any case, 

foreign trade required detailed regulation to obstruct it from affecting 

domestic stability.  A selected group of Chinese corporate leaders, known as 

Cohong, operated both as brokers and superintendents with their foreign 

counterparts.  One firm or another had to take sponsorship for each foreign 

merchant ship in port. They were answerable to the imperial commerce 

official for their region; known as the Hoppo. Between them, taxes were 

formulated.  

Hoppos were known to put the squeeze on the Cohong, who consequently 

had the propensity to accumulate debt to the foreigners. All in all, it 

produced huge amounts of monetary silver for China; causing inflationary 

pressures. Much was left to local official initiative, interpretation or 

intransigence.  They amassed huge personal fortunes due to licensing ‗fees‘ 

and other forms of graft and bribery. Other than that, traders had difficulties 

with the Chinese legal system. Social norms rather than laws were in effect.  

These Confucian morals would be applied in the courts which also invariably 

leaned toward the favor of the state interests. Imperial code was about 

social order; a tool of administration.  That created uncertainty not just for 

the litigants but for the judges. There was no commercial law in the western 

sense although contracts and agreements could often be enforced through a 

magistrate. Merchant guild arbitrators and leverage of friendships sometimes 

prevailed but the concept of due process was absent. 

In practice, all major deals required official patronage. There were strong 

pressures to preserve, therefore, the status quo across government and 

professional associations.  This created significant friction by the beginning 

of the nineteenth century.  If ‗connected‘ in China, buying was easy but 

selling was never so.  There was little demand for woolens; even in the 

colder north. Other than the state‘s craving for silver was the public‘s 

insatiable demand for opium.  
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It used to be a free-market commodity; commonly related to medicinal 

applications originally. British conquest of Bengal changed all that.  The East 

India Company acquired the Bengal opium monopoly and sold the product 

legally at auction in Calcutta.  When China attempted to ban the importation 

of opium, the Company ceased to consign the cargo to Canton. Informal or 

private ‗arrangements‘ just were not enough.  There was still the tea trade. 

English consumption rocketed when the tariff was sharply lowered in the 

later 1700s.  

The Dutch had their base of operations in Batavia; the Portuguese in Macao 

and the Spaniards had Manila.  The Americans were new to this game but 

promising new starts; having apprenticed under the East India Company 

brokership. Interestingly, the great-grandfather (Amasa Delano) of one of 

the greatest American Presidents (FDR) was one of the first shipmasters to 

sail the China route. With his son Warren, they founded a great family 

fortune on the China coast. Warren became a partner in the American House 

of Russell; the chief United States trading firm abroad at that time. 

Although the American mode of exchange involved seal and sea otter pelts 

for luxury items; they also made the discovery that they could acquire 

Turkish opium at the port of Smyrna on the Mediterranean coast and off-

load it at a tidy profit although connoisseurs there graded the Indian product 

as better quality.  In the 1830s, Russell House & Company was the third 

largest opium dealer on the China coast circuit; following the Scots Jardine 

and Matheson. Clipper ships from New England became adroit at moving this 

cargo. Although the Americans and the British were at odds in more way 

than one, after 1794 the former utilized the latter‘s trans-continental 

banking network to promote their own business. The former privateer 

merchant marine from America came armed to run the gauntlet of pirates in 

the South China Sea but owners could reckon on making 100% and 

sometime 200% profit. There were no attempts to extend this 

entrepreneurship to formal U.S.-China diplomatic relations. 

Historians have long struggled to explain how the West became the 

preeminent political and economic force in the modern world and why so 

many people aspire to emulate the lifestyles, fashions and popular culture of 

America and Western Europe. Without echoing German social theorist, 

philosopher and political economist Max Weber; America as well as Europe 

there had been something of a Protestant work ethic happening ever since 

the Reformation. The shift in global economy away from the Catholic 
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countries was further aided by the industrial revolution.  It is not so much a 

case study in the further rise of western civilization than it is the Chinese 

were too busy internally at that same period to ride the wave through the 

gilded age.  Had their heads not been down, so to speak, it may have been 

different. By the time their heads came back up, the gap was too large to 

salvage with the chaotic aftermath of domestic fragmentation. Now, 

historian Niall Ferguson says he has the answer.  In his book, Civilization: 

The West and the Rest, Ferguson credits six "killer apps," or social 

developments: competition, science, property, medicine, consumption and 

work. Through the rubric of these apps, Ferguson tells that Western 

countries created a unique set of social institutions — from the rule of law 

and ‗modern‘ science to a unique work ethic and a thriving consumer society 

— that enabled them to surpass their non-Western neighbors. But these 

days China has quickly caught on, caught up — and caught attention. 

If you're trying to work out why, in the course of the period after around 

1500 or the 1490s, the West — meaning Europe and later on its colonies and 

settlements — forged ahead of the rest and particularly the big empires of 

the Orient like Ming China, the one answer that leaps out is that there was a 

very different institutional structure at the western end of Eurasia. Yet that 

took multiple forms. For example, there are many, many small states. It's 

very fragmented politically, whereas China is this monolithic empire with a 

centralized bureaucracy.   

Even within the European states, there's public-private competition between 

entities; for example the Corporation of the City of London which the English 

crown doesn't really control. So it's a very different institutional setup and 

this manifests itself when, in the early 1400s, the 1420s and the 1430s, the 

Chinese emperor decides to stop oceanic navigation, cancel the great 

voyages of Admiral Zheng He (which had far exceeded anything Europeans 

had achieved at that time) going right across the Indian Ocean to the African 

coast; whereas in Europe, nobody could have done that at the time.  

The competition between Portugal and the Italian city-states and then Spain, 

later the Netherlands and England — the competition to get trade routes and 

wrest them from the control of other countries propelled an age of 

exploration, an age of navigation, of commerce and conquest and 

colonization quite unlike anything that emerged from the Orient. 
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What I'm really agreeing to with Ferguson is that it's institutions that matter 

most; not national character, not geography, not the weather, not the 

various theories that have been tried in the past, but these institutions – 

man-made things that fundamentally changed the incentives that the people 

had.  If you had asked who's ahead in terms of science in the 10th or 11th 

century, the answer would clearly have been: the Islamic world. The Abbasid 

Caliphate was miles ahead of any medieval European country.  Indeed, the 

medieval universities had to re-import ‗lost‘ knowledge from the ancient 

world (due to the dark ages) via the Arab world (especially as a by-product 

during the Crusades or thereafter when the Moors and Turks invaded). 

By the 17th century, when the great scientific revolution we associate with 

people like Isaac Newton happened, the Islamic world didn't play any part at 

all. The scientific revolution, which completely transformed our 

understanding of the natural world and introduced the scientific method in 

its modern sense, was a purely Western phenomenon.   Indeed, it's confined 

to really quite a small part of Europe with tiny offshoots in further-flung 

places. The demarcation therein was applied science rather than merely 

fundamental research. Western civilization at that juncture reflected 

programmatic thinking. 

That's a really puzzling thing; why it was that Islamic development declined 

even as Western science rose.  The main explanation may be that the power 

of their clergy was growing…particularly in the Ottoman Empire (which by 

the 17th century is a ‗big player‘ in the world and certainly nearest to 

Europe).  Meanwhile, the power of the Catholic Churches is in fact waning 

during 17th-century Europe in the wake of the Reformation.  So, there is a 

kind of fundamental divergence in that respect.    

Europe had printing where it was banned in the Ottoman Empire; pretty 

important in spreading scientific knowledge. As the Reformation raised 

literacy rates so that people could read the Bible, it created the possibility 

that they could read, well, anything; including, as it turned out, scientific 

treatises.  There was plenty of science in the non-Western world prior to the 

17th century, but after the 17th century, it's extraordinary the extent to 

which scientific innovation is led by the Western world.  It's not just about 

Guns, Germs and Steel. (1997 book by Jared Diamond traces last 13,000 years of humanity‘s journey) 

One reason that I incline strongly towards that view is that the world stage 

conducted some interesting experiments in the last 100 years to see what 

http://www.npr.org/books/titles/138404135/guns-germs-and-steel-the-fates-of-human-societies
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happens when you make radical institutional changes. Two very similar 

populations, living in pretty much the same place were artificially divided — 

the Germans and the Koreans into communist and non-communist or 

capitalist parts — and with incredible speed, the institutional changes had 

massive material consequences.  Germans living in Germany, Koreans living 

in Korea started to behave totally differently because they had different 

institutions. China in many ways (e.g. downloaded through cyber crime) 

rediscovered the framework and formulary for innovation similarly to the 

Western assimilation from the Islamic community.   

Capitalistic studies aided their competitive stance in its economy and it 

certainly has made great strides in science or medicine. The consumer 

society is flourishing there. Indeed, it's part of their successive five-year 

strategic plans to grow it.  The work ethic? You bet they've got it; and 

probably never lost that element of the equation. However, they don't have 

the rule of law based on private property rights — yet they certainly are 

moving in the direction of representative government and combating 

corruption; at least excessive corruption. Today that's their biggest 

weakness and Achilles' heel. They themselves realize and are doing what 

they can to redress this important parameter of innovation.  

To say ―the future belongs to China‖ may be naive.  It's all more complicated 

than that. East-West history once again has a bright light to shine on 

Ferguson‘s thesis. As the inventors of the steam engine (Mathew Boulton 

and James Watt) once commented to King George III in 1775 ―Sir, we sell 

what the world desires; power‖.  Confusingly, the King was thinking about 

another meaning of the word, but he was in a selling mode also.  A mission 

was sent to China as others had gone before; with the objective of finding 

openings and opportunities for commerce.  

King George wanted a permanent British Ambassador to the China Court. 

Though London may not have realized it, such was certain to be an entirely 

unacceptable and revolutionary demand. Such a query connoted an equality 

with the Celestial Dynasty and intolerably imply the Emperor was no longer 

a ‗Universal‘ monarch.  The seemingly doomed mission was headed by Lord 

George McCartney; who sailed without illusions but not without opulent 

backing by the East India Company. He learned from a Russian 

correspondent that Chinese superiority in all things was axiomatic given 

their allergic reaction to societal change.  In 1791 Sir William Pitt, Prime 

Minister, appointed his friend Henry Dundas to the post of home secretary; 
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who understood the problems associated with the Canton market and its 

massive official corruption. It was Dundas who chose McCartney. The 

Irishman he selected was a fellow of the Royal Society; a friend to Voltaire 

and Edmund Burke while being chummy with Rousseau.  Aside from being 

knighted, well connected to government by marriage and an experienced 

diplomat, he was a linguist with a remarkable memory. Because of his 

knowledge about the costs of the India raj; McCartney foresaw the way to 

make ends meet through a future Subcontinent-wide trade alliance.   

He arrived in Beijing in considerable style and with the promise to be made 

an Earl upon his return home. His party numbered nearly one hundred 

strong; many highly educated and multi-lingual. McCartney was wise enough 

to bring along several Chinese monks culled from the Collegium Sinicum at 

Naples Italy to provide him with the ―human terrain‖ picture.  The Chinese 

were predictably unimpressed. McCartney‘s conclusions had been shrewd.  

In the final decade of the eighteenth century the Chinese empire was 

running into trouble. For all the learning and magnificence of the courts, the 

ordinary people had no rights, were illiterate and lived in the deepest filth, 

misery and superstition. Besides, the Napoleonic conflicts diverted British 

attention away from the orient (except for held Indian investments, of 

course) for a considerable time. Another decade later, the United Kingdom 

tried again with a mission by Lord Amherst.  He was met with driving rain, 

inadequate accommodation and constant harassment.  

This was not the type of treatment to which the victor of Trafalgar and 

Waterloo; the principal European industrial, naval and financial power was 

accustomed to. The Brits were by no means alone in changing their views on 

China. The reports from the mission not so much created as reinforced the 

growing conviction of China‘s backwardness. In addition to ‗human rights 

concerns‘, major new views were expressed by Hegel, Fichte, Adam Smith, 

David Ricardo, Thomas Malthus and John Stuart Mill…later joined by Marx 

and Engels. However, it was decided to continue to play by China‘s rules.  

The British, who had purchased two pounds of tea in the early 1660s were 

hauling in 15 million pounds annually in the 1780s and by the 1830s were 

buoying some 30 million pounds. Chinese monopoly, profit and public 

demand made trade a practical need. This was a one-sided game favoring 

China. Nothing the British had to sell the Chinese wanted except silver; a 

commodity now becoming rather scarce on the international money market 
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(especially the Spanish coinage the Emperor seemed to be fondest of). 

There was one thing the Chinese just had to have, however; opium from 

India. Buying drugs gave the silver right back to the foreigners as well as 

destabilized society and industrious motivations. This all came to a head for 

Emperor Daoguang, who succeeded Jiaqing and reigned from 1821 until 

1850. This coincided with more dramatic changes in world affairs. 

Nationalism and separatism spread in Europe.  

The railway age was dawning. Britain led in industrialization; out mining 

Germany in coal by an order of magnitude. Heavy industry, modern 

convenience technology, elaborate banking, sophisticated finance and sea 

power were their other trump cards. All in all, from the Euro frame of 

reference, China was relatively unimportant by any measurement gauge. 

The end game for the western powers included: sovereignty, equality, 

primacy, capitalism and commerce.  

Economy as the enabler for power projection and their innate need then to 

transform or influence societies coupled to form a moral imperative.  As John 

Maynard Keyes observed in 1933; here was a church beyond which there 

was no salvation. So then, freer trade was endorsed by merchants and 

missionaries alike. Same thing as far as the Mandarins and hongs were 

concerned. How to have the cake and eat it too? China innovated to grant 

the foreigners permanent residency; but in places it needed to secure at the 

borders. Consequently they were granted constabulatory powers that 

extended the previous anti-piracy assistance arrangements that sometimes 

were exercised. The China frontier gradually was pacified; by the outsider. 
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VI 

 

Conflict of Laws 

Chinese concepts of law and their imperial code were fundamentally different 

from Ecclesiastical, Roman, Greek or English Common law. The standards 

and institutions were not so very divergent or inferior but incomprehensible 

to one another. First, China had an administrative and mostly penal code 

that was an instrument of the government designed to preserve social order 

and protect the Imperial system. There was no notion of deriving divine will 

nor a moral tendency to individual liberty and organizational remedy. 

Confucius observed life and taught to rule by virtue to beget harmony.  

Much of Chinese law had to do with procedures, inheritance and the like. 

Law was meant to address practicalities instead of promulgating 

philosophical principles. Therefore there was no legally effective right to 

private property or protection from the State. Actually, there was not even a 

legal profession in China because there was no standard for due process 

(such as presumption of innocence or right to defense). Confessions still 

could be forced in China. Both plaintiffs and defendants were subject to 

torture during interrogations and cross-examinations. 

Arrest could be arbitrary and detention indefinite but their system was 

tightly organized and administered. They did have case review and appeal. 

However, given their penchant for collective accountability, it was perfectly 

alright for them to execute an innocent scapegoat because of an association 

with the guilty. Europeans and Americans were bound to regard such 

practices with horror. Regardless, neither camp could or would do anything 

to effectively stop the opium trade. When the empire protested, the sellers 

just threw up their hands and essentially said ―it is your problem, not ours‖ 

or ―If you can‘t stop it, just legalize it and tax it‖. 

Imperial Commissioner Lin Zexu was sent to Canton to deal with it. He dealt 

with it as a Confucian might, a gradual escalation based on a sense of 

righteousness. He increased the forms and functions in psychological, 

political and even coercive means to compel the surrender of the large, 

valuable opium stockpiles. Despite making war on the laws of supply and 

demand, it did not completely stop the smuggling. As the British delegations 
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and merchants were singled out, by 1840 the community entirely was afloat 

off Hong Kong awaiting the arrival of protective troops from India and policy 

guidance from London.  Americans, not under the Chinese interdiction, were 

happy to profit by transporting tea from Canton to British traders at sea. The 

Royal navy arrived; shots were exchanged with Chinese coast guardsmen 

and war began. England would have preferred to avoid all that.  

The media of the day sensationalized the notions of drug profiteering to the 

utter disregard to the effects on the population. However, it was U.S. 

President John Quincy Adams explained it as being predicated on principle 

and the preliminary jousts were symbolic as the Boston Tea Party had been 

for the Colonies. Adams blamed war on who would kow-tow to whom. He 

thought the Chinese to be pretentious.  

The war itself was odd. In the first half, more time was spent in talk instead 

of pugilistics. Perhaps this was to tone down the adverse media rhetoric. The 

envoys at the table made a deal, but those terms and conditions were flatly 

rejected by both rulers in the central governments. The there was an 

interval of nothing; because the British became embroiled in Afghan 

puppeteering. A grand expedition was cut to pieces with a sole survivor to 

tell the tale. Such circumstances dictated a shift in priorities. 

The opium war resumed in 1842 with renewed vigor and much greater 

professionalism. Chinese forces were suicidally brave but faced a disciplined, 

trained, tactically mature, well-equipped and technologically superior foe. 

What Louis XIV once called ―the final argument of Kings‖, the British had in 

quantity and quality; guns. Chinese Command, staff, supply and intelligence 

arrangements were hopelessly neglected and they were therefore 

humiliatingly defeated because of their own ludicrous corruption. 

With the British army poised to take Nanjing, the Emperor agreed to a treaty 

that conceded almost everything the United Kingdom demanded; including 

title to Hong Kong. It was also at this time the Americans thought a clear 

position ought to be established about China beyond the purely private 

ventures previously undertaken.  In 1844 the Treaty of Wanghia was inked. 

For the first time, Americans and Chinese dealt with one another as equals.  

However, it turned out that signing a treaty and implementing it was two 

different things to the Chinese. Resistance to Treaty observance was not 

confined to officialdom. The outcome of the war had inflamed local 
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sensitivities, sensibilities and sentiments. Riots erupted. So did sporadic 

atrocities. Chinese appeasement of the Western powers remained fitful at 

best through the latter 1840s but in 1850 a new Emperor would abruptly 

end all that. Additionally, states everywhere on the planet suddenly were 

passionate nationalists and bickering with each other; such as the Napoleon 

III, Austria-Hungary and Muraviev affairs prove out. In China there was the 

Taiping rebellion to quell.  

It all started when an obscure individual, Hong Xiuquan, of Hakka minority 

failed his civil service examination for the fourth time. His growing rage at 

Manchu domination in Han China fomented a movement of anti-tax fervor 

and ethnic sentiments. Through contact with an American missionary, 

Isaachar Roberts, he convinced himself to be the younger brother of Jesus 

Christ. In 1851 he proclaimed himself the Heavenly King of a new dynasty 

called, ironically, the Kingdom of Great Peace. He attracted fiercely militant 

followers but they were ungovernable by those who knew not how to govern 

in the first place. The rebellion was crushed in 1864 after having taken over 

much of central China. The dead numbered in the tens of millions. 

Although the western powers were talking of a coalition to force the China 

hand of intransigence over the Treaties, the Crimean War placed the issue 

on the back burner again. Other events in the Pacific turned out to be of 

greater long-term significance. For two centuries since 1637 Japan had been 

kept in isolation under the Tokugawa Shogunate. But, in 1808 the presence 

of British and Russian warships were causing alarm. In 1825 they ordered 

the destruction of all foreign ships in their waters but worries increased with 

the British victories in the opium war and the Russian unimpeded expansion 

to the Pacific under Muraviev by Czar Nicholas 1st‘s orders. Seeing the 

growing power of these countries; the immediate reaction was some 

appeasement.  

The turning point was in 1853 when U.S. Admiral Perry took his four armed 

‗black ships‘ into Edo Bay and demanded in the name of President Millard 

Filmore that Japan open six ports to U.S. ships and approve in-country travel 

for American citizens abroad. Even though Perry had one sloop of war, a 

supply ship and two coal-burning paddle steamers, to the Japanese, the 

impact of America was unavoidable. They were faced with a lose-lose 

proposition to either reject the U.S. and risk defeat later or accede to the 

demands and face home rebellion. Not to be outflanked by the Americans, 

the British used the 1856 pretext of an insult to their flag to enter armed 
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conflict with China despite having to deal with the aftermath of the Sepoy 

and India populace mutiny against the Raj in 1857.  The ‗Arrow incident‘, as 

it is called, was over a British-built ship with a Chinese crew flying the British 

Flag to cover its identity for piracy activities. When Chinese officials boarder 

her and hauled down the false flag, the irritations were at such a level that 

there was no stopping the absurd. The Royal Navy shelled Canton while 

other Chinese forts responded in kind regardless of the foreign vessel 

involved. The Americans drew and returned fire in self-defense. Lord 

Palmerston sent the Earl of Elgin to Beijing and the Allies glommed onto the 

Elgin Commission but not until Canton was taken under bombardment; 

creating destruction, plague, pestilence and famine behind it. 

Meanwhile the Russians under Muraviev moved south and sued for a deal of 

his own. China gave it to him in the 1858 Treaty of Aigun. The Qing dynasty 

signed away 180,000 square miles of territory with one stroke of the pen. 

The Anglo-French campaign kept moving apace and the Taiping rebellion had 

not as of yet been suppressed because of foreign aid they were receiving. 

The Emperor accepted the Treaty of Tiajin in 1858 to stop the insanity at 

any cost…even the legalization of opium. The United States under consul 

Townsend Harris obtained its own trade arrangement very much in the same 

pattern.   

The Chinese tried to prevaricate about ratification for these treaties. There 

was no sign that Beijing appreciated its changed international position.  

When envoys were re-dispatched to finalize the matter, each with separate 

agendas now, they encountered treachery partly because there was no 

longer a coalition mentality. Allied tempers flared when emissaries, officers 

and troops sent to parlay under a flag of truce were captured and tortured 

brutally.  Some, the lucky ones, had their heads severed.    

The written communiqué sent back (to the British in particular) was that 

China already dictated what it intended to say about the ratification matter. 

Lord Elgin was fiercely determined to exact revenge for their treatment. The 

French arrived in Beijing first to find garden and architectural marvels 

awaiting them as well as jewelry and ornamentation. Nothing had been seen 

in the carnage afterward since the Goths sacked Rome. When the British 

arrived, they followed suit.   

Sir Charles George Gordon supervised the burning of the Imperial Palaces 

and wrote to his mother how demoralized the troops were because Elgin so 
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compressed their timetable for desecration that there was insufficient time 

for plunder. Victor Hugo, back in Paris, called the Allies ‗bandits‘. In London, 

almost everyone approved. The new convention of Beijing was duly signed 

by the Emperor‘s brother, Prince Gong; which ratified the British Treaty of 

Tianjin. The next day Baron Gros held a similar ceremony to wrap up the 

French claims. In addition, China was forced to pay 8 million taels of silver to 

each country in reparations. Here was the end of imperial China‘s attempts 

to maintain its sovereignty against the West by force of arms. The Russian 

interests were soon thereafter finalized without any bloodshed; but they 

gained in 1860 a new city to be called Vladivostok.  

Perhaps the greatest, or at least farthest reaching, Chinese loss was neither 

monetary nor territorial, but the opening of more ports and allowing freedom 

of travel to foreigners.  The critical point turned out not to be about trade 

but the removal of any barriers in China against western people, technology 

and ideas.  The old and long-dead Emperors were correct in worrying about 

the connection, and high correlation, between foreign influence and domestic 

instability. 
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VII  

 

Collapse & Revolt 

In the previous chapters we have covered the aspect of where China‘s 

innovation went (and why). Herein, we will explore how China lost its 

capability to reconstitute innovation altogether. The Beijing ceremonies 

heralded the demise not only to a dynasty but to the acceptability of another 

one. What proved fatal was not merely the rebellion, the hollowness of their 

war machine, fiscal recession or monetary inflation but the uncertain and 

hesitant handling of a twenty-year crisis at a time when the tectonic plates 

of global politics were shifting away from China‘s advantage. 

Are you fully briefed on how the global market is driving cloud computing, 

communications mobility and knowledge services at astounding rates of 

growth and change?  Today it is location, price and quality of service will 

drive the future of global outsourcing. The continued movement of western 

work to India has created a need to think about global trends in terms of 

labor costs and birth rates, which will be the hidden hand of economic boom 

and bust for the next 10 years.  These all favor China (Alsbridge; 2012). 

We will being to discuss how that transpired in the following Chapters but 

not now. Just prior to the Centennial of the Independence of the United 

States from English rule, it seemed many others were believing their 

resurgence to greatness lie in unification of some sort. Italy did so to the 

expense of Austria-Hungary. Germany formed a customs union and after the 

Franco-Prussian War of 1870 became a Reich under Bismarck; becoming 

Europe‘s foremost industrial and military power to eclipse England as the 

centerpiece of diplomatic alignments…due in some proportion to its 

burgeoning centers for science, technology and philosophy.  

Adding Germany to the rise of the United States and Russia truly alarmed 

the French and British. Each thought, in the face of strong domestic dissent, 

that the only way to remain at the top shelf in world affairs was to congeal 

the colonial empire with the home nation. Both initiatives were destined to 

fail; mainly because the Colonies in those empires had more reason to go 

their own way than the Americans ever did.  Conversely, the United States 

fought a civil war to dissolve itself but the Union was not only preserved, but 
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the drive to expand industrial greatness became overwhelming. The 

railways, chemicals, telegraphs competed with organizational and process 

innovations to make the most impact to fame, fortune and national destiny. 

None of those things were happening in China. The opening of the Suez 

canal had some impact as well. In 1870, Britain had 32% of the global 

manufacturing capacity and was the largest economic power in the world. By 

1910, while they maintained a leadership in banking and insurance, they 

were marginally behind Germany at 15-16% and the United States had 

surpassed them with a 35+% share.  

British coal production in 1860 dwarfed all comers with 81 million tons; next 

Germany with 12 million and the USA with only less than 4 tons. Almost 55 

years later, the roles and order were reversed and exponentially increased. 

The United States produced 455 million tons and Germany mined 292 million 

tons as England flat-lined. In 1880, the British and Americans were running 

neck-and-neck with 1.3 million tons as Germany was close behind with 

800,000 tons produced. At the threshold of World War I, Britain could only 

muster 6.5 million tons of steel as German production shot up to 14 million; 

the United States out-produced both cumulatively in steel tonnage with 32 

million. 

With such productivity and prosperity, the nouveau riche states turned their 

energies to the world stage. Imperial possessions became important to 

preserve now.  Even the Dutch were concerned about their hold over the 

East Indies while the newly independent Belgium played a major role in the 

European scramble for Africa. In the process, their dreadful King Leopold II 

displayed a rarely equaled combination of greed and cruelty. The world with 

which China had to deal was becoming a more complex, intrusive and 

insensitive place.  No deference would be forthcoming such as they had 

enjoyed for a lengthy run. 

Some of the Western powers had to settle for finding ‗white space‘ not 

already closely held by others. France had not had a need to Colonize much 

beyond its scattered island ports because their money was invested in 

European and Russian railways. However, not to be left out, they conquered 

Algeria and eventually controlled indo-china; their strategy abroad as it was 

regionally – that is to say, hem in the rival on the borders to contain their 

ability to expand their positions. Meanwhile, post-Perry Japan was rocked by 

foreign goods from the Americas to the extent local producers could not 

compete; and the Emperor in 1863 called out troops to suppress the Kyoto 
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unrest using American and other foreign military advisors. By 1867 the 

Shogun‘s army was routed and the seized young leader abdicated. China 

watched as Japans society evolved under the Meiji restoration. Bureaucracy 

was centralized; the old dominions became prefectures; the samurai who did 

not become Ronin became army officers or were pensioned off. The seminal 

document for all of this was the Charter Oath of 1868 which spoke of ―the 

seeking of knowledge throughout the world in order to strengthen the 

foundations of the throne‖.  China was taking notes on the matter, but 

awaiting to see what results occurred.  

Hundreds of foreign experts were solicited to advise on science, education, 

engineering, finance, military and maritime affairs. The Prussians were the 

benchmark for building an army; the British became a model for building a 

navy and the Swiss on watch making. Many students were sent to the West 

for advanced studies and to acquire intelligence. In short order, Japan 

became a regional power. China faced continued pressures from Britain and 

Russia; what Rudyard Kipling termed ―the Great Game‖. The demands 

wrested any semblance of trade controls, even those related to the internal 

circular provincial economies, from Chinese authorities. They became a 

joint-venture colony in all but name.  

Whereas China was being infected within the country by foreign influence 

and Japan was buying knowledge transfer, Korea was meeting foreigners at 

the shoreline and shooting at them. Japan continued in their cunningness. 

Tokyo signed their first Treaty with Beijing in 1871; a mutual recognition 

assistance pact. Three years later, the Japanese landed 3,00 troops on 

Taiwan under the pretext of exacting punishment for the killing of fifty 

shipwrecked Okinawans. Next, they claimed the remainder of the Ryuku 

Islands – which China conceded in 1881. When Japan made naval 

demonstrations against Korea, it was China who advised based upon 

evidence of duplicity that Korea make a deal with the West – which they did. 

However, the Chosun dynasty of Korea was decaying and otherwise isolated 

itself to earn the title of the ‗Hermit Kingdom‖.  As an opportunity oft' lies 

within chaos, a crisis can be a terrible thing to waste. Unfortunately for 

China in the 1850s-1860s, they did just that.  

There were at least three forces at play in Beijing to accommodate this 

tragedy. First, there were deep-seated shock and affront to the assumptions 

of China about its superiority. Second, the lagging reforms and 

modernizations rendered them inadequate for world challenges. Third, there 
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was the delicate position of the Qing court to consider. The failures of the 

Chinese empire were, from their Confucian frame of reference, moral ones.  

The resultant psychological constipation created intolerable tensions 

between society and the body politic. Looking to the Japan experience, one 

movement advocated ―if you can‘t beat them, join them‖ by importing 

modern science, technology and industry methods.  

Ironically, they called this approach the ―self-strengthening‖ strategy. To 

undertake this path meant abandoning a 3,000-year-old belief system about 

oneself and one‘s place in the world. It was not a reality check the other 

camps wanted to adopt. At the apex of the anti-change consortium just 

happened to be the Dowager Empress Cixi; whom I will for humorous 

reasons call the Queen of denial (all apologies to Country Music great Pam 

Tillis). She was shrewd, ruthless, murderous and deeply ignorant of the 

world beyond her imperial court chambers. Her first and last aim was to 

preserve Manchu rule and all the perks that come with that job.  

She adopted, then, twin policies to protect her power base: she nominally 

accepted the 1860 treaty system to appease the foreigners in public while 

placing more Han into local or provincial posts in order to dilute the anti-

Manchu strains such as the Taiping rebels. These were but shallow outer 

defenses around a core of unrepentant maintenance of imperial customs 

such as nepotism, corruption and extravagance. ‗God save the Qing‘, so to 

speak…or at least, the Queen.   

In 1908 she was buried in splendor; covered in diamonds and extravagant to 

the last. Self absorption ruined China in the long run but, in contradiction, 

also allowed for a few principled and able leaders to un-noticeably harbor the 

seeds for reconstituting the greatness that was Dynastic China long after the 

Emperors and Empress were demised. 

In spite of Cixi‘s lack of sympathy, the groups who saw that ‗self-

strengthening‘ was unavoidable gained ground. So too, a few European 

cultural and artistic influences. Among the earliest improvements, obviously, 

was the build-up of new armies to fight the Taiping rebels; whom they 

soundly defeated in large part because of western methods and 

technologies. The generalship of this force also began to exercise martial 

laws in the provinces where they needed to turn their attention toward 

agriculture, education, peacekeeping and taxation. They were willing to try 

modern tools in building steamships, arsenals, arms and societal 
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goods/services.  In addition to creating what Americans in the modern era 

would call the ―Green Beret‖ or ―Special Forces‖ model of winning hearts and 

minds; they had to incrementally discover the concept of ―dual use‖ 

technologies…which happens to be the centerpiece of the People‘s Republic 

strategy today. The far-seeing official Li Hongzhang at Shanghai started 

building gunboats in 1864 but branched out into local fabrication which 

expanded into items required in other Chinese city-states.   

Further, they began to leverage the foreigners already living as expatriates 

in their midst.  For instance, Beijing created a foreign office in 1861 called 

the Tsungli Yamen to institutionalize this practice and they began to use 

western law in defense of China‘s own international interests. The missionary 

W.A.P. Martin helped with a translation of Wheaton‘s anthology on 

international law and an interpreters college was set up to prepare civil 

servants for diplomatic tasks (though authority on structuring or accepting 

bi/multi-lateral deals remained in policy as part of the Grand Council). 

These reform effort lost their way because of lack of support and because 

the dominant conservatism was incompatible with these initiatives and what 

they represented. There was opposition from the established scholarly class, 

which saw threats to their influence on classical learning. Even in the 

contemporary People‘s Republic, mistakes such as these are made (but often 

learned from). For instance, in May 2012 China dampened entrepreneurial 

expectations that it would implement another substantial government 

measure to push its economy even higher. The Chinese government's 

intention was very clear; it would not issue another large-scale stimulus plan 

to boost robust growth. The official New China News Agency said the 

statement helped drive stock markets down across Asia on as investors 

sought clues as to how the world's second-largest economy would respond 

to its biggest economic challenge in three years.  

Beijing had already indicated it would act to stabilize growth, but it couldn't 

afford to repeat its 2009 strategy which included USD $586 billion in public 

spending and the loosening of bank credit to businesses and consumers. 

That led to inflation, skyrocketing public debt and asset bubbles that still 

bedevil the Chinese economy today.  Weak foreign demand for its exports, a 

cooling real estate market and diminished bank lending have slowed Chinese 

economic expansion to a pace not seen since the aftermath of their 2008 

financial crisis. 
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Analysts said China is shooting for a modest increase in government 

spending, or what Standard Chartered Bank economist Stephen Green called 

a "mini-me" stimulus.  China is introducing a measured but still significant 

set of stimulus measures; which should begin to affect growth in the 

intermediate term. Those measures appear to include infrastructure projects 

such as: airports, subsidies for energy-efficient household appliances and an 

invitation for the private sector to invest in state-dominated industries such 

as railways. China's central bank could also reduce the amount of capital 

lending institutions must hold in reserve and lower benchmark interest rates 

to spur growth. Some analysts lamented that China appears to be using the 

same playbook from 2009 to stave off a slowdown.  

Many government officials argued repeatedly during the past year that 

tolerating slow growth is critical for rebalancing the economy, improving the 

quality of growth and sustaining it at a rapid pace, yet the government is 

already implementing a second stimulus package. Near-term growth may be 

well supported now, but what about next year and the year after? These beg 

the more fundamental questions if whether the Chinese economy can ever 

graduate from the state-investment-driven stage and whether the economic 

transformation will ever happen. 

Back in Cixi‘s reign, it became clear to conservatives that if China wanted to 

acquire the West‘s industry and technologies it would need the political, legal 

and technical ideas that accompanied them. Such logic catapulted the 

People‘s Republic into near-top global economic position from 2005 to the 

present. The last of the Qing dynasty oversaw a population that worked to 

live while the ‗barbarian‘ states, full of Protestant ethics, lived to work.  

In 2012 A.D. it is the occidentals who appear to be the ones moving 

backward into working to live; noting the Euro insolvencies for Greece and 

Spain along with massive United States debts. PRC-brand capitalism raised a 

living standard in the middle-class that aided the tipping point towards living 

to work in the same mode attributed to Japans economic rise in the 1980s. 

In defense of the China that existed just before the turn of the last century, 

their leadership grasped how significant the disruption to social harmony 

(equilibrium or hegemony, actually) would be.  

Emperors for generations always exercised a tenuous embrace on the 

public‘s good will. Moreover, practical and pragmatic government minds 

subordinate to Cixi realized that the connections between the different 
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elements of modernism were not understood; making integration of 

systemic solutions extremely risky. That risk was not merely one about 

learning curves or cultural mismatches, but it was fundamentally a people 

problem.  A shining example of this happened in the mid-1870s when a 

Chinese steamboat company was subsidized to carry rice from the Yangzi 

delta north to Tianjin; thereby solving a practical and political issue for the 

local officials. The boats needed coal, so coal mines were opened up near the 

city. To ship the coal, China‘s first railway was opened in 1881. The scheme 

did not work. The mines were indebted to foreign venture capitalists and the 

Chinese lost controlling interests in 1900.  

The steamship company credits were embezzled by its own employees and 

they lost market share to the British rivals on the river. When the larger 

wave of rail-head construction did come along, it was mostly done by foreign 

interests in their own China regions of operation to support their own 

enterprises. The Chinese welcome for Western industry was therefore, at 

best, guarded and failed to lead to any tangible reform. 

Not to say there was not active resistance to change astride the 

incompetence, ignorance and corruption. The empire tried to build a navy 

that would have come in handy during the Sino-Japanese War in 1894-1895, 

but the artillery shells were found to be filed not with gunpowder, but sand. 

Coincidentally, this paralleled millions of dollars in public funds being 

diverted to build a new summer palace for the Dowager Empress.   

Even Karl Marx was vexed; commenting acerbically that the Chinese 

government operated at only three levels: (a) regulating water use, (b) a 

fiscal policy of domestic plunder and (c) a foreign policy of plunder abroad. 

Western industry was busying itself plundering what was left of China that 

the Empress, the Mandarins and the Hong did not already appropriate. 

This economic penetration created more resentment by those who were 

disenfranchised from the profitable opportunities and those who were left 

unemployed; displaced by the foreign technology. Feelings of victimization 

led to condemnation about all things foreign. This further stalled 

modernization efforts while patriotism and impatience began to boil over into 

nationalist (if not revolutionary) movements.  As Han re-emerged to settle 

scores with the Manchus, all of this piled up problems for Beijing. The 

authorities were between the devil and the deep blue sea.  
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In these tides of popular opinion, opium played no role although the Chinese 

indicted the West corrupted them; and even asserting that Christianity 

preaching was subversive to their social order. The truth was that no one 

knew how to persuade the Chinese not to grow or use opiates.   

Even less was the ability to stop foreign merchants from shipping it into a 

very willing market despite the majority of China‘s opium supply was in fact 

home-grown. In 1900, there were approximately 40 million opium users of 

which 13-15 million people were consummate addicts. What then, of China‘s 

position in the larger international balance? All of the outside nations 

continued to do a viable business in China ventures.  

As late as 1910-13, the British remained the chief trading partner and 

investor; although showing no sign of wanting to deal with the China 

masses…or allowing anyone else to do so (specifically, the Russians, who still 

had dominant eyes on the region). So long as there were no good trans-Asia 

routes to China, British sea-power could check any attempts to partition it.   

Together with the Germans, the French and the Americans it was decided 

that any additional military or political pressures placed upon the Empress 

and the Mandarins would only exacerbate the collapse of the country; which 

was not a good business environment to be in if it happened. Propping up 

the empire was the pragmatic alternative to chaos.  Their way of helping 

China amounted to introduction of new industries and technologies. 

They also bankrupted China of her last resource, its workforce. The coolie 

trade in 1867 was perhaps the biggest business of them all. Many foreigners 

abroad, having established connections and deeply appreciative of the abject 

poverty conditions facing the desperate lower classes, took advantage. When 

there was dwindling money to be made in Asia proper, they switched sides; 

becoming Chinese officials under appointment or license to broker the 

citizens as exports to the West (America especially).  

As always, there were Chinese middle-men among the Hong that also 

profited in the same manner African tribes of one type assisted the Arabs 

and the Portuguese in the slave trade against rival tribes. The Mandarins 

were pleased to observe on the side-lines since it relieved them of many 

mouths to feed and sources of potential mob violence. In 1852 Chinese 

immigrants formed 10% of California‘s population.  
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Fifteen years later, there were over 100,000 laborers ashore. A backlash 

about competition for jobs became a Presidential issue in 1888 for Benjamin 

Harrison. By then the Chinese were by policy excluded from the USA as they 

were in Canada in 1885, Hawaii in 1898 and the Philippines in 1902. 

The Russian Czars, not wanting to be left behind in industry or military 

technology, also tried to modernize through western importation and 

investment incentives. In every case, it also undermined social stability. 

Alexander III was attracted by neo-mercantilist econometric tactics; 

providing tariff protections for infant industries, promoting naval 

construction and railroad extension.  The Siberian railway was financed by 

French loans. Being more ambitious than the American trans-continental 

project was one thing, but it meant a drastic change in the strategic patters 

of the northeast region. The Russians would be immune from British 

buffering.  

The Qing responded to the threat by flooding Manchuria and Mongolia with 

coerced relocations from elsewhere; anywhere. This was a demographic 

strategy to mitigate Russian attempts at absorption. As the French wanted 

to hedge their investments in Russia, they used indo-china to put the 

squeeze on. They came to blows and the Chinese lost. They had to 

relinquish sovereign claims on Tonkin (Vietnam).  

Meanwhile, Japan under the Meji system admired how Germany modernized 

while managing to enrich the incumbent ruling classes and were appalled at 

the Russian or Chinese failures. One problem with the plan…Russian 

expansion threatened Japans access to strategic materials needed for the 

industrialization. Korea was supposed to be a buffer state to ameliorate the 

friction points. But, when a local uprising occurred, Korea‘s monarch 

appealed to China.  Japan could no longer tolerate such interference there 

and sent their own troops.  In 1894, hostilities commenced. 

China paid the price for military neglect. In April 1895 at the Treaty of 

Shimonoseki, China ceded Formosa, the Pescadores Islands and the 

Liaotung peninsula.  All of these were strategic keyways into northern China. 

They were also saddled with deep indemnities to pay.  Japan emerged to 

become a first-class power and Russia became alert to their own plans 

falling apart. They joined with France and Germany to check the Japanese 

ambitions while asserting their own. The Euro partners really could care less 

about Manchuria, but keeping Russia mired in Asia meant less to worry 
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about on their own borders.  It worked, for a time. The French underwrote 

the pay-offs to Japan in war reparations and most of the territorial gains 

were returned to China. The simmering resentment over the renege took ten 

years to play out, but it led to the Russo-Japanese War. The Emperor of 

Japan decreed all war ministers should be active duty Admirals or Generals 

in an effort to solidify competency but it gave the services veto power over 

national policy.    

Anyone could topple a cabinet and this was to have vast consequences. Why 

this is relevant to China is that the route for the trans-Siberian railway was 

shortened through Manchuria because of a Sino-Russian banking scheme 

that was instituted with Li‘s agreement and French money. The Chinese 

leased the Russians the very Liaotung peninsula they had conspired to deny 

to Japan. One can imagine the anger this engendered to the Samurai class.  

To make matters worse, China (on her own initiative) leased the port of 

Weihaiwei on Shangdong‘s northern coast and Kowloon to the Brits for a 

naval base. This was rapidly followed with a Russo-British agreement  that 

the U.K. would not interfere with affairs north of China‘s Great Wall while the 

Russians would abandon Yangzi basin intrigues. Meanwhile, the former 

beacon to Japan‘s industrialization, Germany, now had enthusiasm for a role 

as China‘s friend. They also were trying to convince Russia to overwrite the 

French in favor of their alliance.  This served to relieve Austro-Hungarian 

friction, their ally, with the Balkans who were being stimulated by the 

Russians. Needing their own Asian port, they saw the potential in Shangdong 

and decided on a naval base on its south coast at Kiachow Bay (Jiaozhou) as 

well as a forcible takeover at Qingdao in 1897.  It was belated colonialism; 

but imperialist nonetheless.  

Noticing all this inspired the Americans to come up with a diplomatic 

innovation and coup. Most Americans wanted to trade with China but without 

involvement on the ground. Business leaders and their Congressional lobbies 

articulated the potential of the market was simply incalculable; with a flair 

for hyperbole we recognize in Washington today. Secretary of State John 

Hay appropriated an idea from the British Minister Joseph Chamberlain in 

London; the idea involved asking for an open door policy in exchange for 

respecting China‘s sovereign integrity.  

It was all rhetoric to disguise the contempt all the West felt for the lack of 

modernization and the governmental weakness in China. Japan‘s rise 
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changed a balance of power in the Pacific and that shift was bad for 

business.  The outcome of this was the transformation of China into a token 

object of competitive foreign policy. They ceased becoming a serious partner 

to anyone long ago. Since French money was found insufficient to pay war 

reparations, the martial embarrassment and the fiscal need prompted China 

to enter into a defensive alliance against Japan; ceding Manchuria access 

and pocketing 3 million rubles.  

What makes the above somewhat the theater of the absurd is the fact China 

made Japan the country to emulate for modernization. Qing reformers 

obtained help from Japanese advisors, who now wanted to check the Russian 

gains, and whole generations of Chinese students enrolled in Japanese 

Universities. Much of this architecture was penned by scholar Kang Yuwei 

from Canton. He borrowed much from the occidental social Darwinism 

movement but converted it into a nationalist manifesto.  

To hedge the bet on growth or perhaps in order to stall change, the Manchu 

Princes discreetly patronized peasant secret societies such as the boxers. 

The swelling numbers from the rank and file in Chinese society convinced 

Cixi that they now had the people‘s backing in getting rid of imperialist 

oppression. The Boxers were not interfered with and to some degree state-

aided. In 1900 they advanced towards Beijing; leaving a path of destruction 

in their wake. The Empress then declared war against the powers; expelling 

their delegations.  

The southern governors did not support that position and in 1901 a protocol 

was finally signed which added 40 more years of crushing reparations 

payments upon China. The only thing that saved China entirely is the 

squabbling amongst the coalition for their parochial interests. Britain was 

embroiled in the Boer War in Africa and worried about the Kaisers weight 

while the French only cared about their indo-china holdings. The Americans 

seized the Spanish empire with the capture of Manila in 1898. With the 

Treaty of Paris the U.S. acquired the Philippines. The strategic triangle 

shifted once again with this achievement.  

As Russian Manchurian expansion was accompanied by Korean commercial 

ventures, Japan felt trapped. In 1904 diplomatic relations were severed. Two 

fleets were sent seaward. They hemmed in the astonished Russians at 

Inchon and Port Arthur. The Russian navy, split between there and 

Vladivostok, were effectively blockaded. Japan was able to mobilize army 
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troops freely and laid siege. Russia surrendered in 1905. Not that either side 

was ready for peace.  It was settled for good at the straits of Tsushima. The 

USA mediated and because of the Bolshevik revolution, the Czar was forced 

to make a less than acceptable armistice. That conference confirmed the 

transformation of the balance of the entire Eastern Hemisphere. Even the 

‗Dragon Lady‘ capitulated to the concept of reform. But, for the Qing 

dynasty, it was all too little and too late. Accepting change was a trivial 

death-bed repentance as Cixi succumbed to strokes and dysentery in 1908.  

China‘s fate was left in the small hands of a three-year old boy, Puyi. There 

was a growing urban elite that wanted self government and western-style 

development. In the rural regions the always rebellious minded joined in. 

One of these leaders was Sun Yatsen. One of the youth permitted to study 

abroad, he acquired a taste for radical, not managed, change. His many 

foreign contacts and travels allowed him to raise capital and arms. In 1911, 

republicanism flared into open revolt in the south. The revolutionary league 

established itself at Nanjing in 1912 with Sun as President.  

He had no substantial political base, however, and Yuan Shikai was elected 

to replace him.  The child-emperor abdicated.  Sun resigned. In the affairs of 

states, incoherence is one of the luxuries for the impotent. China was both 

at home and abroad. In the decade after the fall of the empire, there was a 

bewildering mixture of political confusion with economic-cultural incubation. 

It was an era both of war lords and flowering ideals in terms of education 

and publication. Foreign ideas, goods and influence came in. Citizens and 

patriots were aghast but helpless. The gentry class deteriorated and the 

Provinces gained power.  

Unfortunately this also meant local administration disintegrated. Old clan, 

geographic or ethnic loyalties re-emerged in various independence 

movements. While parliamentary apparatus was being built, it was being 

undone simultaneously. Yuan felt he had to reassert autocratic measures. 

His governance suffered from an inability to get his mind around tax 

revenues and capital planning. He had to take on a foreign loan; which the 

population thought insulting.   

It was in the foreign concessions lands where modern banking, business and 

professional life took hold. To the rest of the frenetic residences, the new 

politic included united resentment for not only the foreigners but those 

Chinese who collaborated in modernization. China, at best a footnote, 
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became invisible to the outsiders when World War I erupted. The war made 

the Pacific transport routes vital for Russia. Counter-forces moved to 

interdict these. Japan‘s position was greatly strengthened and the Chinese 

predicted they would take full advantage of this against China.  

They were right; Japan overrunning the German possessions among the 

Pacific Islands that added to Taiwan and Korea. Thinking they were playing 

nice, China embraced Japan as an economic partner by importing upwards of 

20% of its goods and acquiring millions in Yen as foreign investment/venture 

capital. Yuan tried hard not to involve China in European affairs, but given 

there were Germans in Qindao, Britain asked Japan to help secure the sea 

lanes and drive Germany out of China.  

They did. They were paid for their efforts and it was a boon to the Japanese 

navy as well as the industrial base.  By 1915, Japan levied 21 demands on 

China that included consolidation of their hold over Manchuria and Inner 

Mongolia as well as consent to intimate ‗advisors‘ to the Yuan government.  

A good word for it was a protectorate. I can‘t use some of the bad words for 

it publicly. Yuan died in latter 1917. The outcome of the war brought much 

larger changes to the global scene than anyone had foreseen. Several 

European monarchic empires were obliterated.  

The balance of power was very different than even a few years prior. New 

national and boundaries were created, at whim. Social and economic affairs 

were even more profound. As Churchill said, ―…injuries were wrought which 

a century will not efface…‖. Come to think of it, we are almost upon that 

expiration period in just a few more years. Utopian, populist and violent 

movements changed outlooks and organizations in many places though the 

wider impact of each was different: Fascism, National Socialism and 

Bolshevism. Even the War‘s victors were weakened. In America, was the 

sole exception to being precisely oriented to leap forward into pre-eminence. 

To that process President Woodrow Wilson brought language that dominates 

international relations to this day.  

It was, of course, a collection clichés that reflected an American predilection 

for transplanting lawyering into policy and a belief global society should 

operate on the basis of contractual obligations rather than concrete 

interests. It was about as effective in governance practice as Confucianism 

became for the Chinese. The Wilsonian design about multilateral systems 

securing peace was deeply contradictory. It was a case in matchless 
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arrogance to claim to be an impartial arbiter and a prime actor with grand 

objectives of one‘s own. It was politically magnetic and subversive 

simultaneously.  

In any event, the creation of new frontiers in pursuit of self-determination 

left some 30 million people on the wrong side of the lines. This exacerbated 

disputes rather than quenching them. The multilateral organizations had no 

teeth to enforce anything. As Thomas Hobbes wrote in the 17th Century, 

―Covenants without swords are but words; and of no strength to secure a 

man at all.‖  Many of these flaws were obvious from the start; even to 

Wilson‘s intimate advisors.  

The American President appeared to be flummoxed by divergent world views 

as well. In the end everyone was an opportunist. In 1918, as an example, 

Australia annexed New Guinea; a former German Colony. Wilson inquired of 

the Australian Prime Minister whether he was seriously proposing to flout 

opinions from the civilized world and profit from Germany‘s defeat in order 

to extend their sovereign sphere?  

The terse reply was ―That‘s about it, Mr. President‖. In 1919, China exhibited 

its first major aftershock from the Russian civil war. The Soviets indicated all 

treaties with China were declared null and void. Since the Russian Czarist 

agreements were all one-sided in their favor, the repudiation by the 

Communists garnered much sympathy for the new USSR. Of course they did 

this to undermine capitalism, not out of pity for China. Comintern agents 

were dispatched to organize a fledgling Chinese Communist Party.  Sun 

Yatsen was one of the early adopters in exchange for other forms of aid.  

When China was ignored at Versailles and German cantons left in Japanese 

hands, fury was aroused that led to an upsurge of nationalism. The popular 

demonstrations and strikes launched an entire Marxist movement in the 

People‘s Republic. One of the activists sent to Moscow for training was Mao 

Zhedong.  The major powers took little notice of this, of course. The rise of 

Japan confronted the U.S. with a dilemma that went unresolved until the 

conclusion of the Second World War.  As the naval arms race in the Pacific 

ramped up, the British urged the United States to call for a four-party 

conference to deal with the problem.  

Some major successes are attributable to the event in 1921-1922. Limits 

were set on warship tonnage and several previous treaties were trashed in 
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substitution for mutual non-aggression pacts. Strangely enough, it ended 

Rule Britannia.  After 1933, faced with German rearmament and the U.S. 

committed to neutrality, the only way to safety seemed to be to work for 

peace at any cost. There were two further treaties: one was a nine-power 

document to guarantee China‘s integrity and maintain the open door; the 

other was a four-power agreement to accept each other‘s island possessions. 

Under pressure, Japan returned to China the Shangdong territories.  

Manchuria remained unaffected. The Chinese objective was to secure release 

from as many foreign privileges and concessions as possible. Many of the 

unequal tariffs were left standing.  

Russia stayed on the sidelines; Marx having written China‘s rise was due to 

Taiping rebels, British guns and Indian opium. Continued communist 

exchange resulted in Chiang Kai-shek and Zhou Enlai co-founded the 

Whampoa Military Academy after the Red Army model. Mikhail Borodin 

trained the Chinese cadre‘s. He was aided by 35-year old General Vasili 

Blyukher & 40 seasoned Soviet veterans. Civil unrest in China continued 

unabated. Sun was fighting for control with rival city-state governors in 

Shanghai.  

Sun died in 1925 and Chiang took his place. He dismissed Russian advisors 

in 1926.  He kept on evicting outsiders by force starting with the occupation 

of Nanjing. Once in Shanghai, he turned on his communist supporters and 

suppressed the CCP.  China became a single party state. Chiang controlled 

most of China for the next decade but remained an uncertain leader with a 

brittle base. His power rested precariously among shifting groups of regional 

bosses as well as links among various wings of the GMD; or criminal 

syndicates.  

In 1929 when a crash on the New York Stock Exchange happened, panicked 

creditors called in loans; banks collapsed as did trade. Urban unemployment 

soared and incomes fell. By 1932, everyone was mired in recession and 

joblessness. Much of Japan‘s trade with Asia and the United States imploded. 

America raised tariffs on their exports as farm prices plunged. Of special 

concern was the loss of foreign-exchange earnings that allowed Japan to 

procure the coal, oil, iron, rubber and rice the military required. Their 

perception was not just slowing expansion aims but became a national 

survival issue that the U.S. in particular may have misunderstood or ignored 

because of their own domestic drain of public morale.  
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As is true today, national and economic security are tightly coupled. Both 

needed the creation of a strategically self-sufficient bloc. For Japan, that left 

only foreign expansion as an option. But Chinese nationalists put pressure 

on the Japanese about their established rights in Manchuria. Predictably, the 

resident Japanese military in China, the Guandong, claimed provocation and 

staged an explosion near their railway as the pretext for annexing Manchuria 

as their protectorate; entitled Manchukuo. We all know what happened next. 

In both Europe and America, there were more pressing issues than China. 

There was no western response to Japan‘s incursion.  

Chiang shared a similarly dark view about the inevitability of war. Yet the 

communists were, even, then, sowing seeds for future success among city 

radicals, nationalist reformers and the abused peasantry. In 1935 Mao 

himself gave pledge to freedom and independence. This began their ‗Long 

March‘ to escape Chiang‘s encirclement. The decision to suppress opposition 

at home instead of liberating the nation from Japanese atrocities resulted in 

Chiang‘s capture by one of his own patriotic Generals. The USSR intervened 

because they too feared Japan turning northward across their borders. Zhou 

Enlai was instrumental in this effort as he was in several of the thorniest 

strategic issues facing his party and country.   

But, even blowing the Yellow River dykes did not stop Japan. Altogether, the 

war with Japan gave the CCP the cause that allowed it to mobilize the 

countryside and indoctrinate them. Japan found out that the fight needed 

more resources than their industrial base could furnish; over a million troops 

were tied down and used up tremendous quantities of fuels. This turned 

attention to what could be pillaged from southeast Asia as well as from 

Siberia. When America abrogated the trade treaty and the Axis signed a 

non-aggression pact with the USSR, Japan was left without a single reliable 

ally anywhere.  

They were totally unprepared for this and the consternation was palpable. 

When they sailed into Cam Ranh Bay, there was renewed fears that China 

might be compelled to make a separate peace with Japan.  In preemption, 

the United States froze Japanese assets and ceased all oil supplies. Unless 

Japan was ready to withdraw from China, they had to be able to access oil 

from Java and Sumatra.  

To secure their flank for such a move, they first needed to neutralize the 

American naval threat south.  As we know, it did not produce the coup de 
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main or the coup de grace desired. If designing the outlines of Allied grand 

strategy was relatively straightforward, balance-of-power considerations 

were far more complex. The destruction of the Japanese military would leave 

a power vacuum in the Pacific. That would have to be replaced. That being 

so, china remained a prize; perhaps the largest single prize of  World War II. 

There was one thing the Chinese nationalists and communists had in 

common; neither fully appreciated the extent to which their social and 

political frailties made it impossible to play a larger role in Allied councils or 

the Pacific balance; still less in the design of any future Pacific order.  

Whatever the source or content of the rhetoric, China would continue to be 

the object rather than the subject of Allied decisions. In the post-WW II era, 

Chiang seriously overestimated the degree to which the West would try to 

bail him out.  As for Mao, American officials had long before forecast that 

civil war would increase the dependence on the Soviet Union…and now that 

the Cold War was getting colder the U.S. stepped up diplomatic-military 

representation in China. In the field, Nationalists allowed themselves to 

become badly overextended. Morale cracked.  Mao won. 
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VIII 

 

Survey of Contemporary Transitions 

By the time the Cold War divisions of the world firmed up, the confusion of 

power and principle or of interests and morals, remained both a strength 

and Achilles heel for U.S. China policy. In no ancient culture as China‘s case, 

being set in ways and habits, are the effects of changes – even ones as 

sweeping as these – quite as simple as they appear at first sight. The 

revolution was a decisive step in China‘s adaptation to Western ideas and 

practices.   The revolution itself carried many echoes of the imperial past. 

There were intriguing parallels to the troubles preceding Qin Shi Hiangdi, Sui 

Wendi, Hongwu and Qing. The cult of Mao, developing into monstrous 

proportions in the 1960s, was in many ways just another version of the cults 

following ancient Emperors; everything came to depend upon his will.  

In policy terms too, the new regime displayed much of the old determination 

to conquer nature and the rivers; the same ruthless disregard for the fate of 

those in the way of social or ideological aims and the same dynamic tension 

between inward to outward priorities. The desire to learn and use foreign 

ideas or inventions ran apace with old distrust of foreigners.  In exchange, 

the new government brought a turn in yet another ancient cycle. From at 

least the time of the Tang (618-907), certainly the Yang (1279-1368) , the 

Ming (1368-1644) and the Qing (1644-1912), the advent of a new dynasty 

had been preceded not just by imperial weakness but by foreign disregard; 

even contempt. 

Also in each case, their assertiveness and power often led to fresh foreign 

respect for its views and interests; eventually. Khrushchev, for one, 

increased his aid to China. As the 1950s went on, Mao became worried 

about agricultural or industrial shortcomings and loss of Communist zeal. His 

drive culminated in the ‗Great Leap Forward‘; a mass mobilization 

experiment. A decade later the criticisms were gathering force. Mao‘s 

response was fierce. The results of this were too devastating to leave no 

political residue.  One important implication was a return of China‘s sense of 

superiority.  Yet, it took until 1965 for China‘s crop output to return to 1957 

levels.  Mao was most unhappy.  
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He began to move into the ‗Great Proletarian Cultural Revolution‘.  This 

initiative relied upon students and other disgruntled urban youths to attack 

the malaise of the establishment short of himself. Everything old and 

established was in danger from buildings to people. All traces of private 

property or entrepreneurship were beaten or burned, literally, out of 

existence.  

In the overheated atmosphere, another historical redoux appeared that 

helped shift the interpretation of Sino-Soviet relations as with the 

West…Japan‘s potential for economic come-back.  China‘s sense of danger 

and isolation was sharpened by this and other seemingly disparate (yet 

historically recognizable) issues such as their discovery how backward they 

still were; the population growth and military tensions at the borders.  

From successes in the latter, Lin Biao‘s prestige soared as Mao aged. The 

party needed to be rebuilt and criteria about ideological purity were dropped.  

Mao believed Lin was becoming too prominent and in 1971 was pronounced 

dead from a mysterious plane crash that also took the lives of his intimate 

family members.  It was Zhou Enlai again who was used to send the ‗traitor‘ 

message to the public. It was right out of Hongwu‘s (1368-1398) playbook. 

So was the not-so-one-sided arrangement for Nixon to go to Beijing for 

normalization of relations.  

When Zhou Enlai‘s cancer flared up to terminal proportions, Deng Xiaoping 

was tendered the reigns of succession.  But before he prevailed, he had to 

endure imprisonment by rival Jiang Qing‘s group who were Maoist than Mao 

himself.  Natural disasters of varied types befell China almost the same time 

that left millions dead.  All of this left China in considerable danger. The 

need for food and the inability to buy more was probably the greatest peril.  

Strangely enough, it was tensions surrounding Middle East oil under Iran 

that saved them. The USSR needed fuel also so they moved into Afghanistan 

to appropriate Asian natural gas and oil supplies.  

With the Shah toppled and Islamic fundamentalism cozying up to the 

Soviets, the Carter Administration sent Defense Secretary Harold Brown to 

China and promised them advanced technology with military support 

equipment.  By the mid-80s under President Reagan, economic ties were 

quite strong to the point ‗most favored nation‘ trading status was renewed. 
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For all these foreign concerns, the ruling elite in China began to see wisdom 

in economic reform at home. Initially Mao‘s appointee, Hua Guofong, tried 

ham-handedly to revive the country with Soviet-style stress on heavy 

manufacturing and detailed central planning. Such could not last. They 

lacked the managerial expertise and infrastructure.  The Maoist desire for 

self-sufficiency would have to be deferred while they integrated themselves 

into the international system.  

Deng, being pragmatic, realized this sojourn would entail fundamental and 

programmatic modernization industrially, technologically, militarily, and 

educationally. Growth would depend upon creating a domestic middle-class 

with purchasing power to fuel activity.  The complexities in all this were 

daunting. He knew he had to retreat from State-Owned Enterprises.  In 

substitution, he appreciated the replacement industrial niches had to be in 

exportable commodities. Bringing in even more diverse western technologies 

had to be incentivized; people needed training and education; and the 

currency must become stable as well as reliable.  

Commercial decision-making must be decentralized almost to autonomy at 

smaller unit levels. He began all this in 1978 under the watch-words ―seek 

truth from facts where practice is the sole criterion for truth‖. His 

reconstruction strategy took precedence over class struggle. Taiwan, 

curiously, was leveraged as well as Hong Kong to incur foreign investment 

capital. Because of heavy internal opposition from the status quo, China was 

not going to become just like the West in liberalism or democracy.  

However, broad educational exchanges occurred with the West as had been 

done in ancient times; also concentrating on science, medical and business 

subjects. For most Western businesses, this turn revived ancient nineteenth 

century dreams (mirages?) about limitless Chinese markets and untold 

riches awaiting bold traders. The reforms of Deng altered the dynamics of 

East Asia.   

The spill-over effects aided the rise of all the Asian Tiger countries but 

around 1990 several developments again stymied China‘s international 

relations. The demise of the Soviet apparatus was one, another was the 

limits of permissible dissent under Deng and the third was the 1991 Gulf 

War.  China was not required as a counter-weight and the West had their 

attentions diverted; as did Deng. 
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The speedy decisive end to the first Gulf War demonstrated how the military 

determinants in international power were determined. The PRC government 

found itself in a series of interlocking predicaments with respect to the 

principle pillars of domestic power (security and welfare for the people with 

legitimacy for the governance). Recognition about these challenges led to 

changes at the top of the party.   

Jiang Zemin emerged. He was able, in the 90s, to generate spectacular 

growth at breakneck speed by elaborating international economic ties. 

Nothing produces success like success. With continued GDP earnings 

escalation came floods of money from abroad.  As China became an 

exporter, they changes the relative pricing on assets, capital and labor for 

much of the world.  It further whetted the appetite for imported energy.  

Cheap credit and inflation allowed some derogatory things to happen such as 

over-capacity in manufacturing and real estate speculation. China is self-

correcting on all fronts at the moment.  No less important was the fact that 

rapid economic growth now as it dynastically has always done, revived 

rampant corruption, fraud, embezzlement, counterfeiting and criminality.  By 

the end of the twentieth century nonetheless, China discovered how to 

become wealthy while remaining an authoritarian police state.   

In late 2002, Jiang was replaced by Hu Jintao who will be stepping aside in 

late 2012 to yet another successor. From Hu‘s point of view about China‘s 

role in the world, it proceeded from a concentric circle of interests rather as 

the old empires had done.  At the core of his policies lay two considerations: 

the need to manage the politico-strategic environment that places resources 

on domestic problems and restoring territorial integrity.  

China's leaders have involved themselves in the formulation of science policy 

to a greater extent than have the leaders of most countries. Science policy 

also has played a significant part in the struggles between contending 

leaders, who often acted as patrons to different sectors of the scientific 

establishment. Party leaders, not themselves scientifically trained, have 

traditionally taken science and scientists quite seriously; seeing them as 

keys to economic development and national strength.  Government efforts to 

direct science to further the economy and generate military payoffs, 

however, have historically been met with repeated frustrations.  
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The frustration in turn contributed to frequent reversals of policy and had 

exacerbated the inherent tension between the scientific and political elites 

over the goals and control of the nation's science and technology. In any 

economic system there are likely to be tensions and divergences of interest 

between managers and scientists, but in China such tensions had been 

extreme and had led to repeated episodes of persecution of scientists and 

intellectuals. Science in China had been marked by uneven development, 

wide variation in quality of work, high level of involvement with politics and 

high degree of policy discontinuity. 

In the post-Mao Zedong era, the anti-intellectual policies of the Cultural 

Revolution were reversed, and such top leaders as Deng Xiaoping 

encouraged the development of science. But China's leaders in the 1980s 

remained, like their predecessors over the past 100 years, interested in 

science primarily as a means for national strength and economic growth. The 

policy makers' goal was the creation of a vigorous scientific and technical 

establishment that operated at the level of developed countries while 

contributing in a fairly direct way to agriculture, industry and defense.  

Since the early 1980s, major efforts to reform the scientific and technical 

system through a range of systemic and institutional changes were initiated 

in order to promote the application of scientific knowledge to the economy. 

As in the past 100 years, policy makers and scientists have grappled with 

such issues as the proportion of basic to applied research, the priorities of 

various fields of research, the limits of professional and academic freedom, 

and the best mechanisms for promoting industrial innovation and 

widespread assimilation of up-to-date technology. 

Pre-1949 patterns 

In the context of China's high yield agriculture (hence surpluses in the 

economy which were translated into leisure time for other pursuits) and 

Confucian meritocracy (hence a continued over-supply of the literate vis-à-

vis the openings in officialdom and persistent record keeping by the pre-

modern standards), China became one of the hotbeds of scientific 

discoveries and technological development of the pre-modern world. It is 

commonly agreed that China led the world in science and technology from 

about the tenth century to about the fifteenth century. The Chinese sciences 

and technologies were concentrated in several fields; mainly: material 

production, transport, weaponry and medicine.  
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A common feature of all Chinese discoveries was their trial-and-error basis 

and incremental improvement. Here, China's continued history and large 

population became an advantage. However, this trial-and-error approach 

had its developmental ceiling.  Additionally, incremental improvement faced 

diminishing returns.  So, although China once led the world, it was unable to 

realize what is known as the "Scientific Revolution" whose origin may well 

have been oriental/Chinese.  

Until the Qing Dynasty (1644–1912), China was a world leader in technology 

and scientific discovery. Many Chinese inventions — paper and printing, 

gunpowder, porcelain, the magnetic compass, the sternpost rudder and the 

lift lock for canals — made major contributions to economic growth in the 

Middle East and Europe. 

The outside world remained uninformed about Chinese work in agronomy, 

pharmacology, mathematics and optics. Scientific and technological activity 

in China dwindled, however, after the 14th century. It became increasingly 

confined to little-known and marginal individuals who differed from Western 

scientists such as Galileo or Newton in two primary ways: (a) they did not 

attempt to reduce the regularities of nature to mathematical form and (b) 

they did not constitute a community of scholars; criticizing each others' work 

and contributing to an ongoing program of research.  

Under the last two dynasties, the Ming (1368–1644) and the Qing (1644–

1911), China's ruling elite intensified its humanistic concentration on 

literature, the arts and public administration; regarded science and 

technology as either trivial or narrowly utilitarian. Western mathematics and 

science were introduced to China in the seventeenth and eighteenth 

centuries by Jesuit missionaries but had little impact. In the nineteenth 

century, the trauma of repeated defeat at the hands of Western invaders (in 

1840-41 and 1860) finally convinced some Chinese leaders of the need to 

master foreign military technology. As part of the Self-Strengthening 

Movement in the 1860s, a number of foreign-styled arsenals, shipyards and 

associated training schools were established.  

The initial effort to produce steamships and artillery led, step-by-step, to 

recognition of the need to master metallurgy, chemistry, mathematics, 

physics and foreign languages. The last decades of the century saw the 

establishment, under the auspices either of the imperial government or of 

foreign missionaries, of secondary schools and colleges teaching science, as 
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well as the movement of Chinese students to advanced studies in Japan, the 

United States and Europe. Individual Chinese students had no great difficulty 

mastering Western science, but the growth in their numbers and potential 

influence posed a challenge to the Confucian scholar-officials who dominated 

the imperial government and Chinese society.    

Such officials were reluctant to grant foreign-trained scientists and engineers 

a status equal to that of Confucian scholars and they were suspicious of 

foreign ideas about politics and social organization such as: professional 

autonomy, freedom of speech or assembly and experiments (rather than 

written texts) as validation of propositions.  Nineteenth-century officials 

attempted to control the influx of foreign knowledge and values, 

distinguishing militarily useful technology, which was to be imported and 

assimilated, from foreign philosophy, religion, or political and social values, 

which were to be rejected.  The slogan "Chinese learning for the essence, 

Western learning for utility" expressed this attitude.  

Although the terms were no longer used, the fundamental issue remained 

significant in the 1980s, as the Chinese Communist Party attempted to 

distinguish between beneficial foreign technology and ‗harmful‘ foreign ideas 

and practices. Throughout the twentieth century, China's political leaders 

have had a deeply ambivalent attitude toward science and technology; 

promoting it as necessary for national defense and national strength but 

fearing it as a carrier of threatening ideas and practices. 

By 1900 China's science and technology establishment, minimal though it 

was, already manifested several features that would characterize it 

throughout the twentieth century. Although China's early scientific 

achievements were a source of national pride, they had no direct influence 

on the practice and teaching of science in China, which was based on foreign 

models and foreign training.  As a group, China's scientists (with their 

foreign education, foreign language competence and exposure to foreign 

ideas of science as an autonomous, international and professional activity) 

formed the most cosmopolitan element of the population.  

China's scientists, more than their foreign counterparts, were motivated by 

patriotism and the desire to help their country through their work and many 

deliberately chose applied over basic scientific work. Chinese intellectuals 

were influenced by the Confucian teachings that intellectuals had special 

responsibilities toward their society and should play a role in public affairs. 
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Much scientific work was done under government patronage, direction and 

funding.  The government, whether imperial or republican, was interested in 

science for what it could contribute to national development or military 

power; and it saw science as a means rather than as an end in itself.  The 

first major publisher of translations of scientific works was the "Jiangnan 

Arsenal", founded in Shanghai in 1866, which published nearly 200 basic and 

applied scientific texts originally written in English, French or German.  

In the first two decades of the twentieth century an increasing number of 

colleges and universities were founded with growing numbers of Chinese 

students educated abroad. The Science Society of China, whose membership 

included most of the country's leading scientists and engineers, was founded 

by Chinese students at Cornell University in 1914. In 1915 it began 

publication in China of a major journal, Kexue (Science), which was 

patterned on the journal of the American Association for the Advancement of 

Science.  In 1922 the Society established a major biological research 

laboratory in Nanjing. The Society devoted itself to the popularization of 

science through an actively diverse publication program, the improvement of 

science education and participation in international scientific meetings. 

The establishment of the Guomindang government at Nanjing in 1927 was 

followed by the creation of several government research and training 

institutions. The Academia Sinica, founded in 1928, had a dozen research 

institutes whose personnel did research and advised the government. The 

late 1920s and early 1930s saw the establishment of many research 

institutes such as: the Fan Memorial Biological Institute in Beijing and the 

Beijing Research Laboratory; which eventually formed departments in 

physics, biology, pharmacology and other fields. Most of the research 

institutes were characterized both by very limited funds and personnel but 

also by productive, high-quality scientific work.  

By the 1930s China possessed a number of foreign-trained scientists who did 

research of high quality, which they published in both Chinese and foreign 

scientific journals. These scientists worked in the major universities or in 

research institutes funded by the government or foreign organizations (such 

as the Rockefeller Foundation) and were concentrated in Beijing, Nanjing 

and Shanghai. Between 1937 and 1949, China's scientists and scientific work 

suffered the ravages of invasion, civil war and runaway inflation. Funds to 

support research, never ample, almost totally disappeared and most 

scientists were forced to devote most of their energies to teaching, 
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administration or a government job. In a change from the earlier pattern, 

many students opted not to return to China after foreign education; 

choosing instead to seek careers abroad. 

1950s: Soviet influence 

After the establishment of the People's Republic in 1949, China reorganized 

its science establishment along Soviet lines — a system that remained in 

force until the late 1970s, when China's leaders called for major reforms. 

The Soviet model was characterized by a bureaucratic rather than a 

professional principle of organization, the separation of research from 

production, the establishment of a set of specialized research institutes and 

a high priority on applied science and technology; which included military 

technology. The government's view of the purpose of scientific work was set 

forth in the September 1949 Common Program of the Chinese People's 

Political Consultative Conference, which stated, "Efforts should be made to 

develop the natural sciences in order to serve the construction of industry, 

agriculture, and the national defense." On November 1, 1949, the Chinese 

Academy of Sciences was founded, amalgamating research institutes under 

the former Academia Sinica and Beijing Research Academy (the former 

Beijing Research Laboratory).  

In March 1951 the government directed the academy to determine the 

requirements of the production sector of the economy and to adjust scientific 

research to meet those requirements. Scientists were to engage in research 

with significant and fairly immediate benefits to society and to work as 

members of collectives rather than as individuals seeking personal fame and 

recognition. The Chinese Academy of Sciences was explicitly modeled on the 

Soviet Academy of Sciences, whose director, Sergei I. Vavilov, was 

consulted on the proper way to reorganize Chinese science. His book Thirty 

Years of Soviet Science was translated into Chinese to serve as a guide. 

Soviet influence also was realized through large-scale personnel exchanges. 

During the 1950s China sent about 38,000 people to the Soviet Union for 

training and study. Most of these (28,000) were technicians from key 

industries, but the total cohort included 7,500 students and 2,500 college 

and university teachers and postgraduate scientists.  

The Soviet Union dispatched some 11,000 scientific and technical aid 

personnel to China. An estimated 850 of these worked in the scientific 

research sector, about 1,000 in education and public health and the rest in 

heavy industry. In 1954 China and the Soviet Union set up the Joint 
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Commission for Cooperation in Science and Technology, which met annually 

until 1963 and arranged cooperation on over 100 major scientific projects; 

including those in nuclear science.  When the Chinese Academy of Sciences 

completed a draft twelve-year plan for scientific development in 1956, it was 

referred to the Soviet Academy of Sciences for review.   

In October 1957 a high-level delegation of Chinese scientists accompanied 

Mao Zedong to Moscow to negotiate an agreement for Soviet cooperation on 

100 of the 582 research projects outlined in the twelve-year plan. The Soviet 

aid program of the 1950s was intended to develop China's economy and to 

organize it along Soviet lines.  As part of its First Five-Year Plan (1953–57), 

China was the recipient of the most comprehensive technology transfer in 

modern industrial history.  The Soviet Union provided aid for 156 major 

industrial projects concentrated in mining, power generation and heavy 

industry. Following the Soviet model of economic development, these were 

large-scale, capital-intensive projects.  

By the late 1950s, China had made substantial progress in such fields as 

electric power, steel production, basic chemicals and machine tools; as well 

as in production of military equipment such as artillery, tanks and jet 

aircraft.  The purpose of the program was to increase China's production of 

such basic commodities as coal and steel and to teach Chinese workers to 

operate imported or duplicated Soviet factories.  These goals were met and, 

as a side effect, Soviet standards for materials, engineering practice and 

factory management were adopted.  In a move whose full costs would not 

become apparent for twenty-five years, Chinese industry also adopted the 

Soviet separation of research from production. 

The adoption of the Soviet model meant that the organization of Chinese 

science was based on bureaucratic rather than professional principles. Under 

the bureaucratic model, leadership was in the hands of non-scientists, who 

had assigned research tasks in accordance with a centrally determined plan. 

The administrators, not the scientists, controlled recruitment and personnel 

mobility. The primary rewards were administratively controlled salary 

increases, bonuses, and prizes.  Individual scientists, seen as skilled workers 

and as employees of their institutions, were expected to work as 

components of collective units.  

Information was controlled, was expected to flow only through authorized 

channels and was often considered proprietary or secret. Scientific 
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achievements were regarded as the result primarily of "external" factors 

such as the overall economic and political structure of the society, the sheer 

numbers of personnel and adequate levels of funding. Under professional 

principles, which predominated in Western countries, scientists regarded 

themselves as members of an international professional community that 

recruited and rewarded its members according to its own standards of 

professional excellence.  The primary reward was recognition by professional 

peers and scientists participated in an elaborate network of communication; 

which included published articles, grant proposals, conferences and news of 

current or planned research carried by scientists who circulated from one 

research center to another. 

Tensions in the 1950s to 1970s 

Tensions between scientists and China's communist rulers existed from the 

earliest days of the People's Republic and reached their height during the 

Cultural Revolution (1966–76).  In the early 1950s, Chinese scientists, like 

other intellectuals, were subjected to regular indoctrination intended to 

replace bourgeois attitudes with those more suitable to the new society. 

Many attributes of the professional organization of science, such as its 

assumption of autonomy in choice of research topics, its internationalism 

and its orientation toward professional peer groups (rather than 

administrative authorities) were condemned as bourgeois.  

Those scientists who used the brief period of free expression in the Hundred 

Flowers Campaign of 1956-57 — to air complaints of excessive time taken 

from scientific work by political meetings and rallies or of the harmful effects 

of attempts by poorly educated party cadres to direct scientific work — were 

criticized for their "antiparty" stance, labeled as "rightists" and sometimes 

dismissed from administrative or academic positions. The terminology of the 

period distinguished between "red" and "expert". Although party leaders 

spoke of the need to combine "redness" with expertise, they more often 

acted as if political rectitude and professional skill were mutually exclusive 

qualities.  

The period of the Great Leap Forward (1958–60) saw efforts to reassign 

scientists to immediately useful projects, to involve the uneducated masses 

in such research work as plant breeding or pest control and to expand 

rapidly the ranks of scientific and technical personnel by lowering 

professional standards.  The economic depression and famine following the 

Great Leap Forward, with the need to compensate for the sudden withdrawal 
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of Soviet advisers and technical personnel in 1960, brought a renewed but 

short-lived emphasis on expertise and professional standards in the early 

1960s. The scientific establishment was attacked during the Cultural 

Revolution; causing major damage to China's science and technology.  Most 

scientific research ceased.   

In extreme cases, individual scientists were singled out as "counter-

revolutionaries" and made the objects of public criticism and persecution, 

and the research work of whole institutes was brought to a halt for years on 

end. The entire staffs of research institutes commonly were dispatched to 

the countryside for months or years to learn political virtue by laboring with 

the poor and lower-middle peasants. Work in the military research units 

devoted to nuclear weapons and missiles presumably continued; although 

the secrecy surrounding strategic weapons research made it difficult to 

assess the impact of the Cultural Revolution in that sector. 

In the most general sense, the Cultural Revolution represented the triumph 

of anti-intellectualism and the consistent, decade-long deprecation of 

scholarship, formal education and all the qualities associated with 

professionalism in science.  Intellectuals were assumed to be inherently 

counter-revolutionary and it was asserted that their characteristic attitudes 

and practices were necessarily opposed to the interests of the masses. 

Universities were closed from the summer of 1966 through 1970, when they 

reopened for undergraduate training with very reduced enrollments and a 

heavy emphasis on political training and manual labor.  

Students were selected for political rectitude rather than academic talent. 

Primary and secondary schools were closed in 1966 and 1967 and, when 

reopened, were repeatedly disrupted by political struggle. All scientific 

journals ceased publication in 1966 and subscriptions to foreign journals 

lapsed or were canceled. For most of a decade China trained no new 

scientists or engineers and was cut off from foreign scientific developments.  

During the decade between 1966 and 1976, China's leaders attempted to 

create a new structure for science and technology characterized by mass 

participation, concentration on immediate practical problems in agriculture 

and industry; eradicating distinctions between scientists and workers. 

Ideologues saw research as an inherently political activity and interpreted all 

aspects of scientific work, from choice of topic to methods of investigation, 

as evidence of an underlying political line.   
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According to this view, research served the interests of one social class or 

another and required the guidance of the party to ensure that it served the 

interest of the masses. The early 1970s were characterized by mass 

experimentation, in which large numbers of peasants were mobilized to 

collect data and encouraged to view themselves as doing scientific research.  

Typical projects included: collecting information on new crop varieties, 

studying the effectiveness of locally produced insecticides and making 

extensive geological surveys aimed at finding useful minerals or fossil fuels.  

Mao Zedong took a personal interest in earthquake prediction; which 

became a showcase of Cultural Revolution-style science.  Geologists went to 

the countryside to collect folk wisdom on precursors of earthquakes and 

networks of thousands of observers were established to monitor such signs 

as the level of water in wells or the unusual behavior of domestic animals. 

The emphasis in this activity, as in acupuncture anesthesia, was on 

immediate practical benefits and little effort was made to integrate the 

phenomena observed into larger theoretical frameworks. 

The effects of the extreme emphasis on short-term problems and the 

deprecation of theory were noted by Western scientists who visited China in 

the mid and late 1970s.  For example, work in research institutes affiliated 

with the petrochemical industry was described as excessively characterized 

by trial and error.  In one case, large numbers of substances were tried as 

catalysts or modifiers of the wax crystals in crude oil and little attention was 

given to the underlying chemical properties of the catalytic or modifying 

agents. 

1977-84: Rehabilitation and rethinking 

The Cultural Revolution's attacks on science and its deprecation of expertise 

were opposed by those within the government and party who were more 

concerned with economic development than with revolutionary purity. In the 

early 1970s, Premier Zhou Enlai and his associate Deng Xiaoping attempted 

to improve the working conditions of scientists and to promote research.  At 

the January 1975 session of the Fourth National People's Congress, Zhou 

Enlai defined China's goal for the rest of the century as the Four 

Modernizations (i.e. agriculture, industry, science-technology and national 

defense). 

Although the policies proposed in the speech had little immediate effect, 

they were to become the basic guide for the post-Mao period.  In 1975 Deng 
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Xiaoping, then vice chairman of the Chinese Communist Party, vice premier 

of the government and Zhou Enlai's political heir, acted as patron and 

spokesman for China's scientists. Under Deng's direction, three major policy 

documents — on science and technology, industry and foreign trade — were 

drafted.  Intended to promote economic growth, they called for rehabilitating 

scientists and experts, re-imposing strict academic standards in education 

and importing foreign technology.  

The proposals for reversing most of the Cultural Revolution policies toward 

scientists and intellectuals were denounced by the ideologues and followers 

of the Gang of Four as "poisonous weeds." Zhou died in January 1976, and 

Deng was dismissed from all his posts in April. Deng's stress on the priority 

of scientific and technical development was condemned by the radicals as 

"taking the capitalist road."  This dispute demonstrated the central place of 

science policy in modern Chinese politics and the link between science 

policies and the political fortunes of individual leaders. 

Some of the immediate consequences of Mao's death and the subsequent 

overthrow of the Gang of Four in October 1976 were the reversals of science 

and education policies. During 1977 the more vocal supporters of the Gang 

of Four were removed from positions of authority in research institutes and 

universities and replaced with professionally qualified scientists and 

intellectuals. Academic and research institutions that had been closed were 

reopened; and scientists were summoned back to their laboratories from 

manual labor in the countryside.  

Scientific journals resumed publication, often carrying reports of research 

completed before everything stopped in the summer of 1966. The media 

devoted much attention to the value of science and the admirable qualities 

of scientists. It denounced the repressive and anti-intellectual policies of the 

deposed Gang of Four; who were blamed for the failure of China's science 

and technology to match advanced international levels.  The news media 

now characterized scientists and technicians as part of society's "productive 

forces" and as "workers" rather than as potential counterrevolutionaries or 

bourgeois experts divorced from the masses. Considerable publicity went to 

the admission or readmission of scientists to party membership.  

The March 1978 National Science Conference in Beijing was a milestone in 

science policy. The conference, called by the party Central Committee, was 

attended by many of China's top leaders, as well as by 6,000 scientists and 
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science administrators. Its main purpose was to announce publicly the 

government and party policy of encouragement and support of science and 

technology. Science and technology were assigned a key role in China's 

"New Long March" toward the creation of a modern socialist society by the 

year 2000. A major speech by then-Vice Premier Deng Xiaoping reiterated 

the concept of science as a productive force and scientists as workers; an 

ideological formulation intended to remove the grounds for the political 

victimization of scientists. In that speech to the National Science Conference 

in March 1978, Deng Xiaoping declared: 

"The crux of the Four Modernizations is the 

mastery of modern science and technology. 

Without the high-speed development of science 

and technology, it is impossible to develop the 

national economy at a high speed." 

Speeches by then-Premier Hua Guofeng and Vice Premier Fang Yi, the top 

government figure involved in science and technology, urged that scientists 

be given free rein in carrying out research as long as the work was in line 

with broad national priorities.  Basic research was to be supported, although 

stress would continue to be placed on applied work and China's scientists 

would be given wide access to foreign knowledge through greatly expanded 

international scientific and technical exchanges. 

By 1978 substantial progress had been made toward restoring the science 

and technology establishment to its pre-Cultural Revolution state. Leaders 

with special responsibility for science and technology joined recently 

rehabilitated senior scientists in looking ahead and framing sweeping and 

very ambitious plans for further development.  The draft Eight-Year Plan for 

the Development of Science and Technology, discussed at the 1978 National 

Science Conference, called for a rapid increase in the number of research 

workers, for catching up to advanced international levels by the mid-1980s; 

and for substantial work in such fields as laser science, manned space flight 

and high-energy physics.  

For some scientists, and perhaps for their political sponsors as well, 

mastering technologies and developing Chinese capabilities in the most 

advanced areas of science were goals in themselves, regardless of the costs 

or of the likely benefits to the peasants and workers.  Both political leaders 

and media personnel seemed captivated by the vision of rapid economic 

http://en.wikipedia.org/wiki/Socialist
http://en.wikipedia.org/wiki/Deng_Xiaoping
http://en.wikipedia.org/wiki/Four_Modernizations
http://en.wikipedia.org/wiki/Hua_Guofeng
http://en.wikipedia.org/w/index.php?title=Fang_Yi&action=edit&redlink=1
http://en.wikipedia.org/wiki/Basic_research
http://en.wikipedia.org/wiki/Applied_research
http://en.wikipedia.org/wiki/Laser_science
http://en.wikipedia.org/wiki/Manned_space_flight
http://en.wikipedia.org/wiki/High-energy_physics


20-20 Hindsight 
 

 263 

growth and social transformation made possible by the wonders of science. 

Further, many leaders, not themselves scientifically trained, tended toward 

unrealistic expectations of the immediate benefits from research.  

This attitude, while different from the hostility to science exhibited during 

the Cultural Revolution, was based on a misunderstanding of the nature of 

scientific work so was, therefore, a poor foundation for science policy.  The 

plans for rapid advance in many scientific areas were associated with equally 

ambitious calls for economic growth and the large-scale import of complete 

factories.  

During 1979 it became increasingly clear that China could not pay for all the 

imports or scientific projects wanted by all the ministries, regional 

authorities and research institutes. It also became increasingly evident that 

those promoting the projects had overlooked financial constraints, severe 

shortages of scientific-technical manpower and lacked a comprehensive plan.  

In February 1981 a report of the State Science and Technology Commission 

reversed the overly ambitious 1978 eight-year scientific development plan 

and called for renewed emphasis on the application of science to practical 

problems and on training more scientists and engineers.   

As scientists and administrators confronted the problems of applying and 

linking research with development, they became aware of the constraints of 

the existing system and of the extent to which the endemic difficulties in 

applying scientific knowledge were consequences of the Soviet-style 

structure for science and industry that China had uncritically adopted in the 

1950s.   

Attention shifted to reforming the existing system and promoting greater 

efficiency and better use of scarce resources, such as trained manpower. 

Between 1981 and 1985, a number of new journals discussed China's 

scientific system and suggested improvements, while national and local 

administrators sponsored a wide range of experimental reforms and 

reorganizations of research bodies. The extensive discussion and 

experimentation culminated in a March 1985 decision of the party Central 

Committee calling for thorough reform of China's science system. 
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IX 

 

Supply of skilled manpower 

Research and development (R&D) is a labor-intensive endeavor, in which the 

critical resource is the size and quality of the pool of trained manpower. 

China suffered both from an absolute shortage of scientists, engineers and 

technicians; as well as from maldistribution and misuse of those it had. 

Chinese statistics on the number and distribution of scientific personnel were 

neither complete nor consistent. According to their State Statistical Bureau, 

at the end of 1986 there were some 8.2 million personnel (out of 127.7 

million workers) in the natural sciences working in state-owned enterprises, 

research institutes and government offices.  

These numbers probably excluded military personnel and scientists in 

military research bodies, but they included support personnel in research 

institutes.  Scientific and technical personnel comprised about 1.5 percent of 

all employed persons, but only about 350,000 of them were research 

personnel.  Their number had increased markedly from the 1970s as well-

trained students began graduating from Chinese colleges and universities in 

substantial numbers and as postgraduates began returning from advanced 

training in foreign countries. Between 1979 and 1986, China sent over 

35,000 students abroad; 23,000 of whom went to the United States. 

More significant than sheer numbers of scientific personnel were their quality 

and distribution.  The total numbers masked wide variations in educational 

background and quality, lumping together graduates of two-year institutions 

or those who had attended secondary or post secondary schools during 

periods of low standards with those who had graduated from major 

institutions in the early 1960s or the 1980s, that is, before or after the 

period of the Cultural Revolution.  

The Cultural Revolution had removed an entire generation from access to 

university and professional training; creating a gap in the age distribution of 

the scientific work force.  The scientific community included a small number 

of elderly senior scientists, often trained abroad before 1949, a relatively 

small group of middle-aged personnel, and a large number of junior 

scientists who had graduated from Chinese universities after 1980 or 
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returned from study abroad.  In the mid-1980s many of the middle-aged, 

middle-rank scientists had low educational and professional attainments, but 

generally they could be neither dismissed nor retired (because of China's 

practice of secure lifetime employment); nor could they be retrained, as 

colleges and universities allocated scarce places to younger people with 

much better qualifications. Scientists and engineers were concentrated in 

specialized research institutes, in heavy industry and in the state's military 

research and military industrial facilities; which had the highest standards 

and the best-trained people.  A very small proportion of scientists and 

engineers worked in light industry, consumer industry, small-scale collective 

enterprises and small towns or rural areas.  From 1990-2010, the PRC had 

been able to redress the gaps and deficits.  

Research institutes 

In the late 1980s, most Chinese researchers worked in specialized research 

institutes rather than in academic or industrial enterprises. The research 

institutes, of which there were about 10,000 in 1985, were, like their Soviet 

exemplars, directed and funded by various central and regional government 

bodies. Their research tasks were, in theory, assigned by higher 

administrative levels as part of an overall research plan; the research plan 

was, in theory, coordinated with an overall economic plan. Research 

institutes were the basic units for the conduct of research and the 

employment of scientists, who were assigned to institutes by government 

personnel bureaus. Scientists usually spent their entire working careers 

within the same institute.  Research institutes functioned as ordinary 

Chinese work units with the usual features of lifetime employment, unit 

control of rewards and scarce goods; as well as limited contact with other 

units not in the same chain of command.  

Each research institute attempted to provide its own staff housing, 

transportation, laboratory space and instruments or to stockpile equipment 

and personnel.  The limited channels for exchanges of information with other 

institutes often led to duplication or repetition of research.  In the late 80s, 

China seriously began to reform its paradigm about intelligence gathering, 

knowledge management and information sciences. From 1990-2010 the PRC 

leveraged the advances in computing technology to enable the procedural, 

organizational and methodological changes inherent in such a strategic 

program. All their S&T ecosystem both feeds and utilizes this knowledge 
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base. Advanced analysis quickly assimilates gains from cyber espionage and 

provides the next shopping list for knowledge.25 

National organization and administration 

The research institutes belonged to larger systems or hierarchies; defined by 

the administrative bodies that directed and funded their subordinate 

institutes.  Research institutes were grouped into five major subsystems 

known in China as the "five main forces" (Chinese Academy of Sciences, 

institutions of higher learning, industrial branches, national defense 

departments, and local scientific research institutes). The five subsystems 

were administratively distinct and had little contact or communication among 

them. Today, the three driving forces for PRC S&T are: the Ministry of 

Industry and Information Technology (MIIT), State Administration for 

Science, Technology & Industry (SASTIND) and the PLA‘s General 

Armaments Department (GAD); aided by the China Defense S&T Information 

Center (CDSTIC). The State Commission of Science, Technology and 

Industry for National Defense (SCOSTIND) takes care of the commercial 

technology gathering. China‘s game plan is all about dual-use technologies. 

Chinese Academy of Sciences 

In the late 1980s, the Chinese Academy of Sciences remained the most 

prestigious research agency in the natural sciences.  It administered about 

120 research institutes in various parts of China; with major concentrations 

in Beijing and Shanghai. In 1986 the academy employed 80,000 persons; 

over 40,000 of whom were scientific personnel. It also operated the elite 

Chinese University of Science and Technology of China, located in Hefei, 

Anhui Province, as well as its own printing plant and scientific instrument 

factory.  

Its institutes concentrated on basic research in many fields and did research 

(such as that on superconductor materials) that met international standards. 

The Chinese Academy of Sciences institutes employed China's best-qualified 

civilian scientists and had better laboratories, equipment and libraries than 

institutes in the other four research systems.  The academy's concentration 

on basic research was intended to be complemented by the work of the 

more numerous institutes affiliated with industrial ministries or local 

governments; which focused on applied research. Although nominally 

subordinate to the State Science and Technology Commission, the Chinese 

Academy of Sciences in practice reported directly to the State Council. 

                                                 
25

 Op. Cit. (Scott, D.A. 2012); “The Rooster & The Dragon: China’s Game Plan for S&T Knowledge Innovation” 
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Before 1956 the academy was directly responsible for overall science 

planning and in 1987 it retained a fairly high degree of institutional 

autonomy and influence on national science policy.  The academy provided 

expert advice, when asked, to the State Council and its ministries, 

commissions and agencies.  

[CAS, when integrated with industrial needs, created CASTIND; which was a 

highly autonomous grouping of China‘s brightest minds. CASTED, the 
Chinese Academy of Science and Technology for Development, was an 

important decision made by the Ministry of Science & Technology (MOST) to 

further transform itself to effectiveness and promoting the country‘s 

military-economic prowess. Mr. Deng Xiaoping personally inscribed the name 

for CASTED‘s predecessor, National Research Center for Science and 

Technology for Development (NRCSTD), when it was set up in 1982. This 

fully demonstrated that the older generation of leaders attached great 

importance to the research on China‘s science and technology strategies for 

development.] 

Its specialized research institutes also did work for the military research and 

development program. Additionally, it had responsibility for multidisciplinary 

research, monitoring the level of technology in Chinese industries and 

suggesting areas where foreign technology should be purchased. During the 

1980s the academy repeatedly was asked to pay more attention to the 

needs of production and the application of knowledge. 

The membership of the Chinese Academy of Sciences included the nation's 

most senior and best-known scientists; some of whom had long-standing 

personal ties with senior political leaders.  Such ties and the prestige of the 

academy helped it win favorable treatment in the state budgetary process 

and operate with relatively little outside interference. Its relatively privileged 

position generated resentment among those working in less well-funded 

institutes under the industrial ministries, whose workers — as well as some 

planners in the state administration — reportedly considered the academy 

both overfunded and overstaffed with theoreticians who contributed little to 

the national economy. 

State Science and Technology Commission 

The State Science and Technology Commission, a ministerial-level organ of 

the State Council, had responsibility for overseeing the work of civilian 

research institutes subordinate to the various industrial ministries; such as 
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the Ministry of Electronics Industry and the Ministry of Coal Industry or to 

provincial-level, prefectural and municipal bureaus.  More than 80 percent of 

China's 10,000 research institutes fell in this category; and their range of 

quality was considerable. Central planners and administrators considered the 

proliferation of low-quality research institutes a waste of scarce research 

funds, but as of mid-1987 they had not been able to overrule powerful 

ministries or local governments. Such institutes, which employed the 

majority of China's scientists and engineers, were expected to devote 

themselves to the application of science and to useful innovations and 

improvements to industrial processes and products. They had little direct 

contact with factories or manufacturing and they reported their research 

results up the chain of command of their department or ministry; which was 

responsible for passing them on to factories.   

The scientists and engineers had little opportunity for interchanges with 

research institutes that were doing similar work but that were subordinate to 

a different ministry or commission. The State Science and Technology 

Commission also had primary responsibility for coordinating science policy 

with the State's planning and budgeting operations working in coordination 

with the State Planning Commission, the State Economic Commission and 

the Ministry of Finance. The importance of science and science policy was 

indicated by the high state and party rank of the ministers and vice 

ministers placed in charge of the State Science and Technology Commission. 

Provincial-level units (responsible for budgeting, planning and coordinating 

across administrative hierarchies) had their own science and technology 

commissions.   

The demarcation between the responsibilities of the Chinese Academy of 

Sciences and the State Science and Technology Commission in policy 

formulation and consultation was not entirely clear and there was probably a 

certain degree of ambiguity or contention in their dealings with each other. 

The commission was apprised of the research being done at the academy 

institutes and approved the academy budget as a whole, but it could not 

direct the allocation of funds within the academy. 

National Defense Science, Technology and Industry Commission 

Since the 1950s much of China's research and development effort has been 

channeled into military work. Military research facilities and factories are 

reported to have China's best-trained personnel, highest level of technology 

and first priority for funding.  Although the military sector has been 
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shrouded in secrecy, its work evidently has resulted in the largely 

independent development of nuclear and thermonuclear weapons, 

intercontinental ballistic missiles, nuclear submarines or submarine-launched 

ballistic missiles along with the successful launch and recovery of 

communications and reconnaissance satellites. Little information on the 

military research sector has been made public while secrecy has been 

reinforced by isolation of many military research centers in the remote 

deserts and mountains of China's western regions.   

The overall level of China's military technology is not high by international 

standards; as the achievements in nuclear weapons and missiles were 

apparently resulted from projects featuring concentrated resources, effective 

coordination of distinct specialties and industries and firm leadership 

directed at the achievement of a single, well-defined goal.  The style recalled 

the 1940s Manhattan Project in the United States and the accomplishments 

demonstrated the effectiveness of the Soviet-style "big push" mode of 

organizing research and development. 

The military sector was developed in comparative isolation from the civilian 

economy and, until the 1980s, its higher level of skills made little 

contribution to the national economy.  Throughout the 1980s efforts were 

made to break down some of the administrative barriers separating the 

military and civilian research and development systems. The military sector 

was relatively privileged, and the spirit of self-reliance was strong. 

Nevertheless, the rapid development of electronics and computer 

applications in the 1970s and 1980s rendered much of China's military 

industry obsolete.  

Consequently, pressure for more contact between the military research units 

and civilian institutes (which, with foreign contact and up-to-date foreign 

technology, surpassed the technical level of the military institutes) was 

generated. In 1987 the work of the military research institutes continued to 

be directed by the State Council's National Defense Science, Technology, 

and Industry Commission (NDSTIC).  

The NDSTIC was created in 1982 with the merger of the National Defense 

Science and Technology Commission, National Defense Industries Office with 

the Office of the Science, Technology and Armament Commission for the 

party Central Military Commission. The NDSTIC functioned in a manner 

similar to the State Science and Technology Commission; concentrating on 
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high-level planning and coordination across the vertical chains of command 

in which military research institutes and factories were organized. 

Research in colleges, universities and enterprises 

As a consequence of China's adopting the Soviet model for their original 

organization of science and industry — featuring strict separation of 

research, production and training — little research was done at Chinese 

universities. The State Education Commission had provided only limited 

funding to support research, and through the 1980s the scale of research at 

most colleges and universities was very modest. In the 1980s a few 

academic research institutes were established in such areas as computer 

science. The World Bank supported a major effort to increase research in 

Chinese universities and to better use the scarce skills of faculty members. 

On the whole, though, universities continued to play only a minor role in 

China‘s scientific research until the 2000s. 

Research institutes, associated with or organized as constituent parts of 

productive enterprises, were quite rare and represented the smallest of the 

five systems of research institutes.  Only the largest mines, oil fields and 

factories, such as the Anshan iron and steel complex in Liaoning Province or 

the Yanshan petrochemical complex in Beijing, had their own research units 

dedicated to solving immediate problems in production since the late 1980s. 

Enterprises concentrated on production and their managers had little 

incentive to take the risks associated with innovation. The State economic 

growth targets, associated with multiple five to fifteen-year development 

plans, changed all that. 

Planning scientific research 

Since 1949 China has attempted, with mixed success, to organize research 

and development according to a centralized national plan. The various plans 

for scientific development that China has adopted since 1957 have been 

broad — listing topics and areas of priority without going into much detail or 

attempting to issue targets or dates to specific research institutes.  

From the 1950s through the mid-1980s, the "iron rice bowl" of guaranteed 

employment and funding applied to research institutes and researchers as 

much as to any other enterprises or state-sector workers.  No institute ever 

had its budget cut for failing to make a planned discovery and no scientist 

was dismissed for failing to publish or to make progress in research. Much of 

the initiative in research seems to have come from ‗below‘; with institutes 

submitting proposals for projects and funding to the State Science and 
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Technology Commission. The commission's plans were drawn up after 

conferences in which scientists and directors of institutes suggested work 

that seemed feasible and worthwhile. The Beijing headquarters of the 

commission had a staff of between 500 and 1,000, not all of whom had 

scientific or economic backgrounds.  Some of their energies were devoted to 

communication and coordination with other elements of the central 

administration; such as the State Planning Commission and the State 

Economic Commission. The core of the responsibility and power of the State 

Science and Technology Commission was in its allocation of funds for 

research and approval of projects.   

It possessed neither the manpower nor the expertise to monitor the work of 

the several thousand research institutes it oversaw. Of necessity, it 

concentrated on major projects or relied on the advice of expert scientists as 

well as the regional scientific and technological commissions; which 

processed reports and applications for new projects. Much of its work 

consisted of "balancing" the competing requests for limited funds and its 

decisions often were made on grounds other than scientific merit. Although 

China's leaders addressed the rhetoric of centralized planning to scientific 

research, research activities were more decentralized (i.e., more subject to 

pressures from powerful ministries and provincial-level governments). 

Integration of administrative systems 

In the late 1980s, two of the five research subsystems — the Chinese 

Academy of Sciences and the military system — were relatively privileged in 

receiving government financing and being supplied with scarce resources 

and historically had tended to form closed, self-sufficient domains. The 

system under the State Science and Technology Commission, which included 

the largest number of research institutes, was marked by wide variations in 

quality; yet with a vertical, bureaucratic mode of organization that inhibited 

collaboration and exchange of information.   

Both the universities and the research institutes attached to large industrial 

complexes were short of funds and out of mainstream research. Overall, 

China's science and technology structure was marked by a lopsided 

distribution of semi-skilled/skilled manpower, pervasive fragmentation, 

compartmentalization and duplication in research — an outcome of the 

1950s decision to adopt a bureaucratic mode of organization for science and 

technology.  Chinese policy makers were well aware of these problems and, 

over the years, had responded with two forms of organizational remedies: 
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high-level coordinating bodies and mass scientific associations that cut 

across administrative boundaries. 

Leading Group for Science and Technology 

The growth of China's scientific system and the tendencies toward 

compartmentalization inherent in the Soviet mode of scientific and industrial 

organization, which it emulated, were matched by the creation of 

administrative bodies intended to coordinate the activities of vertically 

organized administrative hierarchies. Both the State Science and Technology 

Commission and the NDSTIC, which were formed by the amalgamation of 

earlier coordinating bodies founded as long ago as the mid-1950s, had this 

primary function. 

Efforts to fill the need for progressively more authoritative and 

comprehensive coordination culminated in the establishment of the State 

Council's Leading Group for Science and Technology in January 1983.  The 

leading group, a special-purpose task force formed by the State Council to 

address problems that cut across administrative boundaries, was China's 

highest-level policy-making organ for science and technology.  

In 1987 its chairman was Premier Zhao Ziyang, and its membership included 

Fang Yi, state councilor and former head of the State Science and 

Technology Commission and the Chinese Academy of Sciences in addition to 

leading members of the State Science and Technology Commission, NDSTIC, 

State Planning Commission, State Economic Commission, State Education 

Commission, Chinese Academy of Sciences and Ministry of Labor and 

Personnel. That the leading group was headed by the premier indicated both 

the significance China's leaders attached to science policy and the level of 

authority necessary to settle disputes and encourage cooperation. 

China Association of Science and Technology (CAST) 

At the lower end of the administrative hierarchy, communication and 

cooperation were intended to be promoted by professional organizations 

whose membership cut across administrative boundaries. The primary 

organization was the China Association of Science and Technology; a non-

government mass organization.  Because it was funded by the government 

and, like all organizations in China, directed by party cadres, its autonomy 

had limits. The China Association of Science and Technology was an 

umbrella organization - as of 1986 it comprised 139 national scientific 

societies organized by discipline and 1.9 million individual members.  
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It succeeded earlier scientific associations that had been founded in 1910-

20. It served three major purposes: First, like professional associations in 

most countries, it brought individual scientists and administrators together 

with their professional peers from other bodies at conferences, lectures or 

joint projects and it promoted communication across administrative 

boundaries. Second, the China Association of Science and Technology had a 

major role in the popularization of science and dissemination of scientific 

knowledge to the general public. This latter function was accomplished 

through the publication of popular-science journals and books aimed at an 

audience with a high-school education through lecture series, refresher 

training for technicians or engineers and consultation for farmers or rural 

and small-scale industries. The China Association of Science and Technology 

and its constituent associations served increasingly as consultants to 

government officials.  

Third, the China Association of Science and Technology played a major role 

in China's international scientific exchanges and hosted delegations of 

foreign scientists, sponsored international scientific conferences in China, 

participated in many joint research projects with foreign associations or 

scientific bodies and represented China in many international science 

societies. 

International ties 

Since emerging from the self-imposed isolation and self-reliance of the 

Cultural Revolution, China expanded its international scientific exchanges to 

an unprecedented degree. The 1980s policy of opening up to the outside 

world, a basic element of Deng Xiaoping's prescription for modernization, 

was nowhere better exemplified than in science and technology policy (see 

Four Modernizations).  The goal was to help China's science and technology 

reach world-class standards as quickly as possible and to remedy the 

damage done by the Cultural Revolution.  

This was achieved by participating in international conferences, cooperating 

in projects with foreign scientists, and sending thousands of Chinese 

graduate students and senior researchers to foreign universities for training 

and joint research. Scientific cooperation has come to play a significant part 

in China's foreign relations and diplomatic repertoire. Visits of Chinese 

leaders to foreign countries are often marked by the signing of an 

agreement for scientific cooperation.  In mid-1987 China had diplomatic 

relations with 133 countries and formal, government-to-government 
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agreements on scientific cooperation with 54 of them (see Foreign relations 

of the People's Republic of China). When diplomatic relations were 

established between China and the United States in January 1979, the Joint 

Commission in Scientific and Technological Cooperation was founded.  Since 

then, the two governments have signed twenty-eight agreements on 

scientific and technical cooperation in fields ranging from earthquake 

prediction to industrial management. China has mutually beneficial scientific 

exchange programs with both technically advanced nations and those having 

only a minimal scientific capability.  Although China tended to receive aid 

from more scientifically advanced nations and to render aid to the less 

developed, the equality implied in scientific exchange made it a useful 

diplomatic form. 

In 1987 China had scientific-exchange relations with 106 countries — usually 

in the form of agreements between the China Association of Science and 

Technology and a foreign equivalent. Incomplete statistics indicated that by 

1986 Chinese scientists had completed over 500 joint projects with scientists 

in the United States and were working on 1,500 projects with counterparts 

in various West European countries; 300 with those in Eastern Europe and at 

least 30 with Japanese researchers. In June 1986 the Chinese Academy of 

Sciences signed an agreement with the Soviet Academy of Sciences for 

scientific cooperation in unspecified fields.  Many exchanges with the United 

States involved Chinese-American scientists and engineers, who collaborated 

with visiting Chinese researchers in the United States and visited China to 

lecture on their specialties and to advise scientific bodies.  

By 1986 the China Association of Science and Technology or its constituent 

associations were full members of 96 international scientific societies and 

committees, and over 300 Chinese scientists held office in international 

scientific bodies. China also was an active participant in United Nations 

scientific activities in the 1980s. Luoyang, Henan Province, is the site of the 

United Nations Educational, Scientific and Cultural Organization's 

International Silt Research and Training Center; which specialized in 

problems of river silts.  Apart from the 35,000 students China sent abroad 

for training between 1979 and 1986, approximately 41,000 Chinese 

scientists took part in various international exchanges.  

Between 1980 and 1986, China hosted 155 international academic 

conferences, which were attended by 10,000 foreign scholars and 30,000 

Chinese participants. China also has employed substantial numbers of 
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foreign experts, often retired scientists or engineers, as short-term 

consultants — managed by the State Administration of Foreign Experts 

Affairs. International exchanges has represented one of the most successful 

aspects of the Chinese government's efforts to raise the level of science and 

demonstrate the strength of the centralized direction and funding possible 

under China's bureaucratic organization of science. The weaknesses of that 

mode of organization was evident in the less successful efforts to improve 

the internal functioning and productivity of the domestic science and 

technology establishment and have generated a major effort to reform that 

establishment. 
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Shortcomings of the science and technology system 

From the perspective of China's leaders, the entire science and technology 

system of the late 1980s (with its 8 million personnel and 10,000 research 

institutes) represented an expensive, underutilized and not very productive 

capital investment. Dissatisfaction with the system had become pervasive by 

the early 1980s; with both scientists and political leaders agreeable on the 

necessity for fundamental reform.  

The primary complaint of the leadership was that: despite thirty years of 

policy statements, central plans and political campaigns directed at the 

attitudes of scientists and engineers, science still was not serving the needs 

of the economy.  Reformist political leaders and senior scientists identified a 

number of organizational problems that were inherent in the system adopted 

from the Soviet Union and that had been compounded by Chinese work unit 

and lifetime job assignment practices. 

In an October 1982 speech to the National Science Awards Conference, 

Premier Zhao Ziyang identified the following as primary problems: uneven 

development and lack of coordination among scientific fields; lack of 

communication between research and production units; duplication of 

research and facilities; rivalry among institutes, administrative bodies and 

hierarchies; and maldistribution of personnel -- with some units and fields 

overstaffed and others very short of skilled personnel.  Zhao's speech drew 

upon, and was followed by, extensive discussions of management and 

organization by scientists and administrators.  

These discussions emphasized the prevalence of departmentalism, 

compartmentalism and fragmentation of efforts.  These problems (when 

combined with poor management, poorly educated managers, absence of 

incentives for good work or of penalties for poor performance and absence of 

direct communication between research units and productive enterprises) 

resulted in the failure of the science and technology establishment to serve 

production and economic growth. 
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Program 

In March 1985, after extensive discussion, consultation and experimentation, 

the party Central Committee called for sweeping reforms of science 

management.  The reforms proposed in the "Decision on the Reform of the 

Science and Technology Management System" represented a major break 

with past practices; and they assumed corresponding reforms in both the 

nation's industrial and economic systems. By changing the method of 

funding research institutes, encouraging the commercialization of technology 

and the development of a technology market and rewarding individual 

scientists; the reforms of the mid-1980s were meant to encourage the 

application of science to the needs of industry.  

It was envisaged that most research institutes would support themselves 

through consulting and contract work and would cooperate with factories 

through partnerships, mergers, joint ventures -- or other appropriate and 

mutually agreeable means.  The ultimate goal was to encourage exchange 

and cooperation as well as breaking down the compartmentalization 

characterizing China's research and development structure.  

The principal means for accomplishing the reforms was changing the funding 

system to force research institutes to establish contact with productive 

enterprises and to do work directly supporting those enterprises. Direct 

allocation of funds to research institutes was to be phased out and replaced 

by a system under which institutes sold their services in the marketplace.  

The distinctions among institutes subordinate to the Chinese Academy of 

Sciences, the industrial ministries, provincial-level governments, colleges 

and universities (even the NDSTIC) were to be minimized; and all were to 

compete and collaborate in a single market-oriented system.  Institutes 

doing basic research were to compete for grants from a National Natural 

Science Foundation (which was subsequently established).  The reforms 

were not intended as a budget-cutting measure; rather, total state funding 

for science and technology was to be increased. 

A technology ‗market‘ and the commercialization of technology in the late 

1980s were to be developed to encourage the transfer of technology and the 

transformation of research results into products and services. Direct 

centralized administration and supervision of research were to decline.  

Institutes were to be headed by younger, technically qualified directors who 

were to be given broad powers to select their own research topics with 

http://en.wikipedia.org/wiki/Central_Committee_of_the_Communist_Party_of_China
http://en.wikipedia.org/wiki/Commercialization
http://en.wikipedia.org/wiki/Technology
http://en.wikipedia.org/wiki/Industry
http://en.wikipedia.org/wiki/Allocation
http://en.wikipedia.org/wiki/National_Natural_Science_Foundation
http://en.wikipedia.org/wiki/National_Natural_Science_Foundation
http://en.wikipedia.org/wiki/Transfer_of_technology


20-20 Hindsight 
 

 278 

permissions to seek out partners for cooperation and consultation.  Scientific 

personnel were to receive better pay and benefits, recognition of their 

achievements and the right to do supplementary consulting work or to 

transfer to units where their talents could be better utilized.  

In the 1980s research institutes, like all Chinese work units, responded to an 

economic system in which supplies were uncertain by attempting to be as 

self-sufficient as possible.  Exchanges of information, services or personnel 

across the very strictly defined administrative boundaries were difficult; 

resulting in failure to share expensive imported equipment and in 

widespread duplication of facilities. The absence of information on work 

being done in other research institutes, even in the same city, frequently led 

to duplication and repetition of research.   

Like all other workers in China, scientists were assigned to research 

institutes or universities by government labor bureaus. Such assignments 

frequently did not reflect specialized skills or training.  Assignments were 

meant to be permanent and it was very difficult for scientists or engineers to 

transfer to another work unit.  In many cases, talents or specialized training 

were wasted. Institutes that may have had the funds to purchase advanced 

foreign equipment often had no way to hire a Chinese chemist or 

mathematician.  Not only were China's scientists and engineers in short 

supply, but many were also either underemployed or misemployed. 

Relation with economic reform 

Implementing the reforms of the science and technology system, however, 

presupposed reforms of the economic, industrial and local administrative 

systems. In general, science and technology reforms represented the 

application to that sector of the principles underlying the sweeping reforms 

of the economy proposed in the October 1984 "Decision of the Central 

Committee of the Chinese Communist Party on Reform of the Economic 

Structure."   

Both reform "decisions" emphasized greater autonomy for institutions, a 

greater role for the market, more competition and rewards for the successful 

introduction of improved products/processes.  In every case, the goals were 

increased productivity and economic benefit. The central provisions of the 

1980s reform related to funding, the technology market and cooperative 

ventures and the rights or potential job mobility of individual researchers.  

The intent of the reformers was to change the basic conditions of the 
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economic system so that the self-interest that had pushed managers of 

factories and research institutes toward compartmentalization, duplication 

and hoarding of resources would henceforth push them toward cooperation, 

division of labor and orientation toward the needs of the market. Because 

these reforms represented a radical departure from the procedures 

developed since the 1950s, the leadership anticipated that their 

implementation would be slow and it planned to phase them in over a 

number of years. Perhaps because of the centrality of funding to the whole 

reform scheme or because the administrative machinery for handling 

budgets was already in place, many concrete provisions for funding research 

were adopted following the March 1985 Central Committee decision.  

In February 1986 the State Council promulgated provisional regulations 

under which science and technology projects listed in the annual state 

economic plan were to be completed as contract research; in which there 

would be nationwide open bidding on the contracts.  Banks were to monitor 

expenditures under the contract.  Institutes conducting basic research were 

to have their regular operating expenses guaranteed by the state, but all 

other income would come from competitive research grants.  

The government was to continue to fund completely the institutes working in 

public health and medicine, family planning, environmental science, 

technical information, meteorology and agriculture. In 1986 the newly 

established National Natural Science Foundation, explicitly modeled on the 

United States National Science Foundation, disbursed its first competitive 

awards, totaling ¥95 million, to 3,432 research projects selected from 

12,000 applications.   

The amount of money awarded to individual projects was not large, but the 

precedent of competition, disregard of administrative boundaries and expert 

appraisal of individual or small-group proposals was both established and 

widely publicized. Moreover, early in 1987, the NDSTIC announced that 

henceforth weapons procurement and military research and development 

would be managed through contracts and competitive bidding. 

Technology markets and joint ventures 

Commercializing technology requires markets and China in the late 1980s 

had to develop market institutions to handle patents, the sale of technology 

and consulting contracts.  This was a major endeavor and one that promised 

to take many years.  Deciding how to set prices for technology and how to 
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write and enforce contracts for technical consulting proved difficult; largely 

because of the complexity of technology markets.  Further, China lacked the 

legal and commercial frameworks to support such markets.  Nevertheless, 

institutes and factories participated in "technology fairs" and established 

contractual relations in great numbers; with the total technology trade 

volume in 1986 reaching an estimated ¥2.3 billion. Research institutes and 

universities formed companies to sell technical services and develop 

products. Even the formerly self-contained Chinese Academy of Sciences set 

up companies to export specialty magnets and to develop optical products. 

In the late 1980s, China's technology markets and efforts to commercialize 

scientific and technical knowledge were growing rapidly amid considerable 

confusion, ferment and turmoil. Although progressing, the commercialization 

of technology was proving difficult to implement, and, perhaps for this 

reason the State Council announced in February 1987 that most applied 

scientific research institutes were to be incorporated into large and medium-

sized productive enterprises to coordinate research with the needs of 

production.  The precise form the technology market would take was not 

clear, but its development had wide support and was not likely to be halted 

or reversed. 

Personnel and job mobility 

From one perspective the most important element of China's science and 

technology system has been its human capital — its trained scientists and 

engineers.  By the 1980s it was widely recognized in the Chinese press that 

scientists, like all intellectuals, had been poorly treated, underpaid and 

burdened with difficult living conditions that reduced their productivity.  

In many cases scientists' abilities were wasted because they were assigned 

to jobs outside their expertise or because their institute already had all the 

professionals in their field it needed and there was no way for them to 

change jobs.  Many Chinese science policy writers were familiar with the 

conclusion of Western specialists that scientific progress and the effective 

application of science to practical problems are facilitated by personnel 

mobility.  Accordingly, the March 1985 party Central Committee decision 

called for reform of the personnel system to promote a "rational flow" of 

scientific and technical personnel. 

Throughout the late 1980s, however, job mobility and attempts to place 

scientists where their talents could have the greatest effect were the aspect 
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of reform in which least was achieved.  Transfer of scientists from one unit 

to another remained a major step, and a relatively infrequent one.  

According to the State Science and Technology Commission, two percent of 

scientists and engineers changed work units in 1983, and only four percent 

in 1985.  Personnel still required the permission of their work unit heads to 

transfer; and that permission often was withheld.   

Many directors of institutes were accused of having a "feudal mentality," that 

is, regarding personnel as part of their unit's property. The State Council 

reiterated in the mid-1980s that scientists and engineers had the right to do 

consulting work in their spare time.  In practice, however, such spare-time 

consulting often created problems within the work unit as some institute 

directors attempted to confiscate payments for consulting or even to charge 

their personnel in the local courts with corruption and theft of state property.   

Although the press gave considerable publicity to scientists who had left the 

"iron rice bowl" of a Chinese Academy of Sciences institute to start their own 

business or to join a growing collective or rural factory, such resignations 

remained relatively rare.  Possibly more common were practices whereby 

institutes detailed their personnel on temporary consulting contracts to 

productive enterprises. The difficulties in transferring scientific personnel 

even when the Central Committee and the State Council made it official 

policy demonstrated the significance of China's unique work-unit system of 

employment and economic organization and the obstacles it presented to 

reform.  

Allowing personnel to decide for themselves to move out of the work units to 

which the state and the party assigned them was a major break with the 

practices that had become institutionalized in China since 1949. Some 

observers believed that because of its potential challenge to the authority of 

the party (which controlled personnel matters in all work units) job mobility 

for scientists, even though it would have promoted scientific productivity and 

the growth of the economy, may have been too extreme a reform to be 

feasible. 

Technology transfer 
Policy 

In the late 1980s, China's goals of modernization and rapid economic growth 

depended on the large-scale introduction of foreign technology. The task 

was to import technology to renovate and upgrade several thousand 
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factories, mines and power stations whose levels of productivity or energy 

efficiency were far below prevailing international standards. Since 1980 

Chinese policy statements stressed the need to improve existing facilities, to 

import technology rather than finished goods and to renovate factories 

through selective purchase of key technology rather than through purchase 

of whole plants.  This was an unprecedented problem, since China's previous 

experience with technology transfer (both in the massive Soviet technical-

aid program of the 1950s and in the more modest purchases of fertilizer or 

petrochemical plants in the 1960s and early 1970s) featured large projects 

that brought in complete plants.  

In the 1980s much of the technology imported was production or process 

technology; representing better ways of producing items China already 

manufactured such as truck transmissions and telephone cables. Such 

technology was usually the proprietary knowledge of foreign corporations 

and China demonstrated an unprecedented willingness to cooperate with 

such firms.  With the explicit aim of promoting technology imports, China 

made great efforts to attract foreign businesses and foreign capital and 

permitted joint ventures and even foreign-owned subsidiaries to operate in 

China. 

China's economic planners gave priority in technology imports to electronics, 

telecommunications, electric power generation-transmission, transportation 

equipment and energy-saving devices.  The degree of central control over 

technology imports fluctuated in the 1980s, reflecting changing foreign trade 

policies and foreign exchange balances, but the overall trend was toward 

devolution of decision making to those who used the technology or 

equipment.  Bank loans and other means were made available to encourage 

end users to select appropriate technology. 

Modes of transfer 

The transfer of proprietary technology from a foreign corporation is, among 

other things, a commercial transaction and such transactions take many 

forms. Chinese authorities have selected joint-equity ventures as their 

preferred mode of technology transfer.  In such ventures, both the foreign 

and the Chinese partner contribute capital; each provides what it has the 

advantage in (usually technology and access to the global market from the 

foreign partner and labor and a factory from the Chinese partner). 

Management and profits are then split. Many major foreign corporations with 

technology that China desires have been reluctant to risk their capital in 
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such ventures. But enough have agreed to produce such items as jet 

airliners, computers and machine tools that Chinese authorities can claim 

success for their policies. 

Linking technology and economics 

As they have accumulated experience in dealing with foreign corporations, 

Chinese economic administrators and enterprise managers have become 

better able to negotiate contracts that still permit the necessary training and 

consultation in the use of foreign technology.  By the late 1980s, the 

transfer of foreign technology had become a normal commercial transaction. 

To an increasing extent, policy and practices for technology transfer were 

becoming part of general economic and foreign trade policies.  China faced 

problems in assimilating technology in the factories that imported it and in 

deciding which foreign technologies to import.  

It was becoming clear to Chinese planners and foreign suppliers of 

technology that these problems reflected overall deficiencies in technical or 

management skills and that they were general economic and management 

problems. The solution to these problems was increasingly seen by Chinese 

administrators as lying in reforms of the economy and industrial 

management. The effort to import and assimilate foreign technology thus 

served to help unify technology policy and economic policy and to overcome 

the problems of the separation of science, technology and the economy; 

which China's leaders had been trying to solve since the early 1950s. 

Science and technology in the People's Republic of China has been growing 

rapidly. As China develops and becomes more connected to the global 

economy, the government has placed a stronger emphasis on science and 

technology as an integral part of the socio-economic development of the 

country. This has led to increases in investment, improved scientific 

structures, and more funding for research. These factors have led to many 

advancements, including in the fields of agriculture, medicine, genetics, 

global change and space science. 

Science and technology have long preoccupied the PRC's leaders.  In 1976 

Premier Zhou Enlai established "Science and Technology" (科技) as one of 

the Four Modernizations. The third and fourth generations of leaders come 

almost exclusively from technical backgrounds. Jiang Zemin and Zhu Rongji 

were trained as electrical power engineers. Hu Jintao was trained as a 

hydraulic engineer. According to some Chinese science policy experts, 
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distortions in the economy and society created by Communist Party of China 

rule has hurt Chinese science.  Before the 1990s, the Chinese Academy of 

Sciences (CAS), modeled on the Soviet system, placed much of the PRC's 

scientific talent in a large, under-funded apparatus that remains largely 

isolated from industry.  

However, as a result of Chinese economic reform, most Chinese scientific 

institutions have been encouraged to commercialize their activities, and 

Chinese scientists have increasingly begun to "Xiahai" (enter the sea) or go 

into business. The State Council of the People's Republic of China in 1995 

issued the "Decision on Accelerating S&T Development" which described 

planned Science & Technology development for the coming decades.  It 

described S&T as the chief productive force and affecting economic 

development, social progress, national strength and living standards. S&T 

should become closely associated with market needs.  

Not only Soviet-style institutes would do research but also universities and 

private industries. State institutions would form joint ventures with Chinese 

or foreign venture capital in order for S&T developments to reach the 

industry. S&T personal would become more occupationally mobile, pay 

would be linked to economic results and age/seniority would become less 

important for personal decisions.  

The 1995 decision directive set both policy and end-state visions. Intellectual 

property rights should be respected. Information exchange should improve 

and there should be competition and open bidding on projects. The 

environment should be protected. Chinese indigenous S&T in certain key 

areas should be especially promoted. Public officials should improve their 

understanding of S&T and incorporate S&T in decision making. Society, 

including Communist Party youth organizations, labor unions and the mass 

media, should actively promote respect for knowledge and human talents.  

China's development of science and technology and its system of granting 

science and technology awards are underpinned by the basic Law on 

Progress of Science and Technology promulgated in July 1993. This 

stipulated the objectives, functions and sources of funds; as well as the 

system of rewards for science and technology development.  The Law on 

Popularization of Science and Technology promulgated in June 2002 made it 

a societal goal to popularize science and technology knowledge among all 

PRC citizens.  
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Local regulations have been issued for attracting talented people; ensuring 

investment in science and technology; and developing high technology. 

During the last 30 years China concentrated on building physical 

infrastructure such as roads and ports. One crucial policy during the last 

decade has been to ask for transfer of high tech technology in order for 

foreign companies to gain access to the Chinese market. China is now 

increasingly targeting indigenous innovation. 
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XI 

 

Institutions 
See also: Research institutes in China 

China's scientific research system is a cooperative one; comprising national 

institutes, schools of higher education, industrial departments, national 

defense departments, academic organizations and local scientific research 

institutes. The Chinese Academy of Sciences (CAS) is China's highest 

academic institute and comprehensive research center in natural sciences. 

Its academic divisions include: mathematics, physics, chemistry, geography, 

biology and other technological sciences. The role of the National Natural 

Science Foundation of China (NSFC) is to support basic research and some 

applied research projects using government appropriations in line with the 

state's guiding principles and sci-tech development policies.  Grants awarded 

by the National Natural Science Foundation of China fall within areas which 

are designated as scientific priorities by the current Five Year Plan. Thus, 

funding decisions are based on a judgment on how research opportunities 

and interests of researcher match national science goals enunciated in the 

Five year Plan. Within these designated areas, the peer review panels make 

awards. 

The Chinese Academy of Engineering (CAE) is the highest honorary, 

consultative institute in engineering science and technology; conducting 

strategic studies of the state's important engineering-related issues, 

providing consultation for decision-making and promoting the development 

of engineering science and technology.  The national scientific and academic 

organizations affiliated to the China Association for Science and Technology 

(CAST), as well as its branches in various large and medium-sized cities, are 

also important forces in scientific and technological research.  

There are five major systems for social sciences research: the Chinese 

Academy of Social Sciences (which is the top academic organization in the 

field), local academies of social sciences, schools of higher learning and 

research units affiliated to government agencies and army-affiliated research 

units.  The Chinese Academy of Social Sciences is responsible for creative 

theoretical exploration and policy research for the improvement of 

humanities and social sciences standards throughout China. The C9 League, 
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pitched as China's Ivy League, is an alliance of nine elite Chinese universities 

which receive a high amount of national research funding and produce a 

large share of national research output. 

Gross Domestic Expenditures on Research and Development 

Between 2000 and 2008 Gross Domestic Expenditures on Research and 

Development (GERD) rose by an average of 22.8% annually; which 

increased their share of GERD to GDP from 0.9% to 1.54%.  China aims to 

increase this to 2.5% by 2020.  In 2008, 82.76% went to experimental 

development, 12.46% to applied research and 4.78% to basic research.  

Business enterprises contributed 59.95% of GERD in 2000 and 73.26% in 

2008. Spending by enterprises is predominantly on experimental 

development. China aims to increase basic research's share to 15% by 

2020.  The research firm Battelle estimates that China's R&D expenditures 

will exceed that of the United States by 2023.  

Education and R&D personal 
See also: Education in the People's Republic of China and Higher education in China 

China has become of the world's biggest sources for research and 

development personal. Between 2000 and 2008 the number of engineers 

and scientists more than doubled to 1.59 million.  Relative to population size 

this is still low compared to major developed nations like the United States 

and Japan but the gap is rapidly closing.   The number of students in general 

at universities increased from 1 million to 5.4 million during the 1998-2007 

period.  Chinese universities contribute unusually large share of patents and 

universities receive about half of R&D money from private enterprises.  Eight 

out of nine members of the Politburo Standing Committee of the Communist 

Party of China have engineering degrees.  

Awards 
The State Science and Technology Prizes, including the State Preeminent 

Science and Technology Award, are the highest honor in People's Republic of 

China in science and technology. They are accolades in order to recognize 

citizens and organizations who have made remarkable contributions to 

scientific or technological progress and to promote the development of 

science and technology. 

Innovation 
A 2005 (Year of the Rooster) PRC governmental report found serious 

shortcomings in China‘s national innovation system despite significant gains 
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since Y2K. There were problems with services to help turn S&T work into 

results and the allocation of national funding to support S&T was far from 

optimal. Sometimes researchers became short-sighted if they got ―too close‖ 

to the market. Another serious innovation problem (although more than 

helpful to their economic growth objectives) was that companies facing 

severe competition looked first to purchase foreign technology rather than 

investing in developing technology and technology development capacity at 

home in China.  Many of the patent applications came from medium-sized 

enterprises (70%) since small enterprises invested little in research.  

China (in a 2006 report) outlined policies for improving indigenous 

innovation. They included 20 large megaprojects; in areas such as: 

nanotechnology, high-end generic microchips, aircraft, biotechnology and 

pharmaceuticals. This was combined with a more ‗bottom-up‘ approach 

based upon a Silicon Valley model consisting of small start-ups, venture 

capital and cooperation (among industries and universities). The Chinese 

government, a large buyer of high-tech products, has proposed controversial 

policies demanding that companies selling to it promote Chinese innovation 

and that the products sold are free of foreign intellectual property.  China 

has also been accused of not protecting foreign intellectual property; or 

tacitly allowing such technologies to be copied while falsely claiming to be 

Chinese in origin. 

Patents 
China, in 2011, became the nation with highest amount of filled patent 

applications. However, this reflects in part that the government gives 

companies incentives for filing patent applications regardless if ever 

eventually granted.  The percentage of patents applications in China filed by 

Chinese companies rose from less than 52% in 2006 to nearly 73% in 2010. 

World Intellectual Property Office data shows that Chinese companies have 

also become more important regarding patents overseas; with Chinese 

companies now being placed two and four regarding number of patent 

applications filed by individual companies. China aims to transform the 

economy from "Made in China" to "Designed in China"; and from contract 

manufacturing to having ‗brand name‘ companies (with resultantly improved 

profit margins).  

Their relative proportion of granted patents is lower; with China being 

behind Japan and the United States when measuring the number of granted 

patents at the patent offices of the U.S., Japan, the EU, South Korea and 
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China (who together administer about 75% of the world's patents). 

However, China is now granted about twice as many patents as South Korea 

or the EU -- while five years ago China was granted about the same amount 

as each of these regions.  

Academic publishing 
The Royal Society, in a 2011 report, stated that in share of English scientific 

research papers the United States was first followed by China, the UK, 

Germany, Japan, France and Canada. The report predicted that China would 

overtake the United States some time before 2020; possibly as early as 

2013. China's scientific impact, as measured by other scientists citing the 

published papers the next year, is smaller (although also increasing). 

Science-Metrix, a Canadian data-analysis company, predicted that in 2010 

China would publish as many natural sciences and engineering peer-

reviewed papers as the United States.  In 2015 China is predicted to publish 

as many papers as the U.S. across all fields. In 2030, China is predicted to 

surpass the U.S. in life and social sciences.  

There are 8,000 journals and 4,600 in scientific fields. Almost all Chinese 

science organizations publish their own journal. The government owns or 

supports most journals with only a small number being privately owned. The 

"publish or perish" system has been argued to contribute to many low 

quality journals and articles that are infrequently cited and also to plagiarism 

and fraud. The Chinese government has put into place stricter regulations, 

punished or terminated some journals and aims increase quality control with 

peer evaluation of journals. Additionally they have created five to ten large 

publishing groups.  

Corruption 
Concerned about corruption in Chinese science, some Chinese scientists, 

including Professor Liu Ming 刘明 of Zhejiang University in his 2005 book 

"Critique of the Academic Evaluation System" 学术评价制度批判, argue that 

interference from government officials and university bureaucrats makes 

peer review far less effective in China than it could be.  The time scientists 

spend cultivating politically influential people is lost to scientific research.  

Liu argues that the command economy mentality of measuring everything 

by the numbers combined with pervasive political interference results in a 

great waste of money or human talent; as well as considerable corruption in 

Chinese science.  
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Research areas 
Electronics and information technology 
See also: Electronics industry in the People's Republic of China, Telecommunications industry in 

the People's Republic of China, Supercomputing in China and Internet in China 

 

China Internet Network Information Center stated that China had 457 million 

internet users at the end of 2010.  This was an increase by 73 million since 

the previous year. There were 303 million mobile internet users as compared 

with 230 million the previous year.  China had the world's largest internet 

market counting the number of internet users but more than half the 

Chinese population were still not internet users.  China used the Loongson 

processor family to achieve this information technology independence. 

Material science 

Material science is the research area where China is most influential counting 

the percentage of worldwide published scientific paper.  

Agriculture 

China's population is projected to reach 1.6 billion by 2030. There is a lack 

of arable land and water which means only new technology can increase 

food production. Former President Jiang Zemin's has therefore called for a 

"new revolution in agricultural science and technology."  

Medicine 
See also: Pharmaceutical industry in the People's Republic of China 

Articles published in China related to basic medical science and clinical 

research and indexed by PubMed increased on average by 31.2% and 22% 

each year between 2000 and 2009.  Randomized clinical trial were about 1/3 

of clinical research articles.  However, in 2009 this still represented only 

1.5% of worldwide clinical research articles and 1.7% of worldwide 

randomized clinical trials.  Clinical research education for medical students 

and the involvement and the supporting environment for medical doctors 

regarding clinical research have shortcomings.  The malaria drug artemisinin 

is an example of a medical drug developed from traditional Chinese 

herbology which is part of traditional Chinese medicine. 

Biotechnology 
Main article: Biotechnology industry in the People's Republic of China 

China in 2011 stated that biotechnology (including bio-pharmacy, bio-

engineering, bio-agriculture and bio-manufacturing ) was a major priority for 

science and technology spending. Biotechnology will be used to enhance 

economic development as well as for improving Chinese environmental 

http://en.wikipedia.org/wiki/Electronics_industry_in_the_People%27s_Republic_of_China
http://en.wikipedia.org/wiki/Telecommunications_industry_in_the_People%27s_Republic_of_China
http://en.wikipedia.org/wiki/Telecommunications_industry_in_the_People%27s_Republic_of_China
http://en.wikipedia.org/wiki/Supercomputing_in_China
http://en.wikipedia.org/wiki/Internet_in_China
http://en.wikipedia.org/wiki/China_Internet_Network_Information_Center
http://en.wikipedia.org/wiki/Mobile_internet
http://en.wikipedia.org/wiki/Loongson
http://en.wikipedia.org/wiki/Material_science
http://en.wikipedia.org/wiki/Pharmaceutical_industry_in_the_People%27s_Republic_of_China
http://en.wikipedia.org/wiki/PubMed
http://en.wikipedia.org/wiki/Randomized_clinical_trial
http://en.wikipedia.org/wiki/Malaria
http://en.wikipedia.org/wiki/Artemisinin
http://en.wikipedia.org/wiki/Chinese_herbology
http://en.wikipedia.org/wiki/Chinese_herbology
http://en.wikipedia.org/wiki/Traditional_Chinese_medicine
http://en.wikipedia.org/wiki/Biotechnology_industry_in_the_People%27s_Republic_of_China


20-20 Hindsight 
 

 291 

protection, nutrition, healthcare and medicine.  The Chinese governments 

expects biotechnology to add 1 million jobs during the 2011-2015 period.  

Environmental science 

Rapid industrialization has been accompanied by many environmental 

problems.  One part of the Chinese response involves advanced technology 

such as the world's largest high-speed rail network and high fuel efficiency 

requirements for vehicles.  

Power generation 
See also: Renewable energy in the People's Republic of China and Nuclear power in the 

People's Republic of China 

As China rapidly industrializes, power consumption and power generation are 

also increasing as well as research on these issues.  China in 2009 became 

the world's largest investor in renewable energy technologies.  

Space science 

The Chinese space program is directed by the China National Space 

Administration. Its technological roots can be traced back to the late 1950s, 

when the People's Republic began a rudimentary ballistic missile program in 

response to perceived American (and later; Soviet) threats. However, the 

first Chinese crewed flight program only began in earnest several decades 

later, when an accelerated program of technological development culminated 

in Yang Liwei's successful 2003 flight aboard Shenzhou 5. This achievement 

made China the third country to independently send humans into space. 

Future plans include a Chinese space station, the Chinese Lunar Exploration 

Program and eventually a crewed mission to Mars. 

Military technology 
See also: Cyber warfare in the People's Republic of China 

One example of new Chinese military technology is the DF-21D anti-ship 

ballistic missile which reportedly has contributed to a quick and major 

change in U.S. naval strategy.  China is developing anti-satellite weapons 

and plans to make the navigational Beidou system global by 2020.  Other 

new technologies include Chinese anti ballistic missile developments, the 

Chengdu J-20 fifth-generation jet fighter and possibly electromagnetic pulse 

weapons.  

Economic and Technological Development Zones 
Based on the success of the Special Economic Zones of the People's Republic 

of China, China has created both Economic and Technological Development 
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Zones. They have the purposes of building up high-tech industries, 

attracting foreign investment, increasing exports and improving the regional 

economy.  They are considered to have been very successful and have been 

expanded from an initial fourteen to fifty-four.  

National programs 
China's national R&D programs include:  
 

 Key Technologies Program (renamed in 2006 as "zhicheng" or Support)  

 National High Technology Program (863 Program)  

 National Basic Research Program (973 Program)  

 Spark Program - Rural technology  

 Torch Program - New technology commercialization by creating special hi-tech zones 

and incubators  

 Key Laboratories Program  

 Engineering Research Centers  

 State Key and New Product Program  

 Innovation Fund for Small and Medium-Sized Enterprises  

 Special Technology Development Project for Research Institutes  

 Action Plan for Promoting Trade by Science and Technology  

 National New Products Program  

 Agricultural S&T Transfer Fund  

 

The major national programs receive 15-20% of government R&D spending. 

They fund research (after a stated competitive proposal procurement 

process) in universities, institutes and enterprises. Important projects may 

receive funding from several program sponsors and funding lines. The 

programs are argued to have had a large effect but also been involved in 

scandals, corruption, fraud, accused of producing derivative works with few 

innovations and claimed to ignore merit in selecting projects in favor of 

cronyism. China is trying to improve the efficiency by measures such as 

more peer-review and evaluations.  

Industrial espionage 
One of the objectives of Chinese intelligence activity abroad is argued to be 

industrial espionage; as well gaining military technology. 

International cooperation 
The China Internet Information Center stated in a 2005 article that China 

has inter-governmental cooperative S&T agreements with 96 nations, 

cooperative S&T programs with 152 nations or regions and participates in 

more than 1,000 international S&T cooperative organizations. Also NGO 
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international exchanges and cooperative activities have increased. The China 

Association for Science and Technology and related organizations as well as 

the National Natural Science Foundation of China also participates in many 

cooperative international organizations. Chinese researchers held 281 

leading posts on international organizations' expert committees and 293 

executive member-director (or higher level) positions.  

Academic publishing in the People's Republic of China 
Journals 
Most scientific journals in China are supported by federal, regional or local 

governments. Some scientific journals are owned by professional 

associations. There are very few privately owned scientific journals.  Some 

journals — mainly those supported by the national government — are 

regarded as high-prestige journals while authors preferentially select these 

journals for their best papers.  

Such Lists of top journals can be found at http://www.tydata.com 

http://www.cnki.net/ and http://www.periodicals.net.cn. Such top-tier 

journals include the 67 published by the Chinese Medical Association. Those, 

and most other academic journals, are indexed by major indexing services in 

China. Most scientific journals in China are published monthly, bimonthly or 

quarterly. A few are published twice a month. The average time to 

publication is 14.1 months.  Most journals are available only in print form or 

only in electronic form.  Most scientific journals in China are published in 

Chinese; a few having English translations of abstracts for research articles. 

Some 189 scientific journals are published in English; of which 29 are 

health-science journals.  

Most articles published in English-language scientific journals in China are 

indexed by Science Citation Index and Engineering Index.  Most scientific 

journals in China are not published in English; which has meant that much of 

current scientific development in China is not readily available to non–

Chinese-speaking scientists.  A current U.S. DoD-funded MINERVA study is 

attempting to redress this situation.  In 1999, only 661 Chinese journals 

were indexed in the international index systems: 

Science Citation Index: 13 

Engineering Index: 96 

Index of Science and Technology Programs: 110 

Science Abstracts: 117 
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Center for Biophotonics: Science and Technology: 132 

Abstract Journal: 193 

* As of June 2001, 62 Chinese journals (44 in English) were indexed in the Science Citation Index 

Expanded.  

The impact factor of Chinese scientific journals is relatively low.  In 1999, 

the top-cited journal—Mining and Geologica Sinica—had an impact factor of 

1.487 and the average number of citations per article published in the 

Chinese journals covered by Science Citation Index was 0.326.  One reason 

for the low impact factor is that Chinese scientists tend to use relatively few 

references in their publications (average, 6.6 references per article).  

A second reason is that scientists in China, like those in other countries, 

prefer to publish their best papers in major or top English-language journals. 

In fact, for such purposes as promotion to senior positions, Chinese 

scientists must have published in Western journals. According to the 

Institute of Science and Technology of China, the number of articles written 

by Chinese scientists and published in non-Chinese journals increased from 

13,134 in 1995 to 24,476 in 1999—a 95% increase. 

Initiatives 
Many Chinese colleges and universities have few scientific-writing courses, 

so improvement in scientific writing is slow.  Most first-time authors writing 

in Chinese for publication in China usually follow the format used in the 

journal to which they are submitting their manuscripts. To improve scientific 

publishing in China, the government has instituted initiatives to improve 

scientific writing. A format for scientific and technical reports, degree theses 

and scientific papers has been developed (i.e., GB7713-87). The 

recommendations closely follow international standards, including using the 

structured abstract for biomedical research articles. By supporting standards 

set by the government and international bodies, it is hoped that health 

science journals improve their scientific communication. A few books about 

biomedical writing have now been published in China.  

Also, a program, based in China, to teach biomedical writing and editing has 

been established with grants from the China Medical Board of New York. The 

purpose of this program, which began in 1996, is to increase publication of 

Chinese and other Asian research in English-language biomedical journals 

both by providing instruction in biomedical writing and by developing editors 

at the researchers' institutions. Typically the writing courses have focused on 
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the introduction and discussion sections of articles prepared for health-

science journals in China. The introduction section of the paper has tended 

to be incomplete, so editors and readers do not understand the point of the 

paper. Editors envisage the introduction as being rather like a funnel; 

beginning with what is known about the particular problem, leading to what 

is unknown and important to find out and ending with the objectives of the 

research.  

Chinese authors typically begin the discussion with a reiteration of well-

known knowledge; with little attempt to indicate how their research adds to 

the body of knowledge. The discussion section rarely discusses the 

limitations of the research. Typical Chinese manuscripts contain few 

references. Although that may be a long-standing tradition in Chinese 

publishing, it also may occur because many university and local libraries in 

China lack extensive collections of world literature, most articles posted on 

the World Wide Web are not in free-access scientific journals, and, there is 

generally low awareness of international websites that provide free access to 

journals, such as: 

Health InterNetwork Access to Research Initiative (HINARI; http://www.healthinternetwork.org/scipub.php)  

and the Directory of Open Access Journals (http://www.doaj.org) 

 

Access to journal articles is a continuing problem in China. The government 

intends to expand free or inexpensive Web access to journals for all scientific 

researchers and that researchers can be more informed of open access sites; 

especially those associated with the Budapest Open Access Initiative 

(http://www.soros.org/openaccess). 
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XII 

 
 

In The Beginning 

Mu is the name of a hypothetical continent that allegedly existed in one of 

Earth's oceans, but disappeared at the dawn of human history.  The concept 

and the name were proposed by 19th century traveler and writer Augustus 

Le Plongeon; who claimed that several ancient civilizations, such as those of 

Egypt and Mesoamerica, were created by refugees from Mu—which he 

located in the Atlantic Ocean.  This concept was popularized and expanded 

by James Churchward, who asserted that Mu was once located in the Pacific.  

The idea of Mu first appeared in the works of Augustus Le Plongeon (1825–

1908), after his investigations of the Maya ruins in Yucatán.  He claimed that 

he had translated the ancient Mayan writings; which supposedly showed that 

the Maya of Yucatán were older than the later civilizations of Greece and 

Egypt – additionally - telling the story of an even older continent. 

Le Plongeon actually got the name "Mu" from Charles Étienne Brasseur de 

Bourbourg, who in 1864 mistranslated what was then called the Troano 

Codex using the de Landa alphabet.  Brasseur believed that a word that he 

read as Mu referred to a land submerged by a catastrophe.  Le Plongeon 

then identified this lost land with Atlantis and turned it into a continent 

which had supposedly sunk into the Atlantic Ocean: 

"In our journey westward across the Atlantic we shall pass in sight of 

that spot where once existed the pride and life of the ocean, the Land of 

Mu, which, at the epoch that we have been considering, had not yet been 

visited by the wrath of Humen, that lord of volcanic fires to whose fury it 

afterward fell a victim. The description of that land given to Solon by 

Sonchis, priest at Sais; its destruction by earthquakes, and submergence, 

recorded by Plato in his Timaeus, have been told and retold so many 

times that it is useless to encumber these pages with a repetition of it".
 
 

Le Plongeon claimed that the civilization of ancient Egypt was founded by 

Queen Moo; a refugee from the land's demise. Other refugees supposedly 

fled to Central America and became the Mayans.  Mu, as a lost Pacific Ocean 

continent, was later popularized by James Churchward (1851–1936) in a 

series of books - beginning with Lost Continent of Mu, the Motherland of Man 

(1926); re-edited later as The Lost Continent Mu (1931).  Other popular 
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books in the series are The Children of Mu (1931) and The Sacred Symbols 

of Mu (1933). Churchward claimed that "more than fifty years ago," while he 

was a soldier in India, he befriended a high-ranking temple priest who 

showed him a set of ancient "sunburnt" clay tablets, supposedly in a long 

lost "Naga-Maya language" which only two other people in India could read.   

Having ―mastered‖ the language himself, Churchward found out that they 

originated from "the place where man first appeared—Mu." The 1931 edition 

states that ―all matter of science in this work are based on translations of 

two sets of ancient tablets‖ - the clay tables he read in India - and a 

collection 2,500 stone tablets that had been uncovered by William Niven in 

Mexico. 

Churchward gave a vivid description of Mu as the home of an advanced 

civilization, the Naacal, which flourished between 50,000 and 12,000 years 

ago, was dominated by a ―white race," and was "superior in many respects 

to our own"  At the time of its demise, about 12,000 years ago, Mu had 64 

million inhabitants with many large cities (and colonies in the other 

continents). 

Churchward claimed that the landmass of Mu was located in the Pacific 

Ocean; stretching east-west from the Marianas to Easter Island and north-

south from Hawaii to Mangaia. He claimed that according to the creation 

myth he read in the Indian tablets, Mu had been lifted above sea level by 

the expansion of underground volcanic gases. Eventually Mu ―was 

completely obliterated in almost a single night‖: after a series of 

earthquakes and volcanic eruptions, "the broken land fell into that great 

abyss of fire" and was covered by "fifty millions of square miles of water." 

Churchward claimed that Mu was the common origin of the great civilizations 

of Egypt, Greece, Central America, India, Burma and others (including 

Easter Island) and was in particular the source of ancient megalithic 

architecture. As evidence for his claims, he pointed to symbols from 

throughout the world; in which he saw common themes of birds, the relation 

of the Earth and the sky and, especially, the Sun.  Churchward claimed the 

king of Mu was Ra. He relates this to the Egyptian god of the sun, Ra, and 

the Rapanui word for Sun, ra‘a, which he incorrectly spells "raa."  He claimed 

to have found symbols of the Sun in ―Egypt, Babylonia, Peru and all ancient 

lands and countries – it was a universal symbol.‖ 

http://en.wikipedia.org/wiki/William_Niven
http://en.wikipedia.org/wiki/Mexico
http://en.wikipedia.org/wiki/Naacal
http://en.wikipedia.org/wiki/Marianas_Islands
http://en.wikipedia.org/wiki/Easter_Island
http://en.wikipedia.org/wiki/Hawaii
http://en.wikipedia.org/wiki/Mangaia
http://en.wikipedia.org/wiki/Creation_myth
http://en.wikipedia.org/wiki/Creation_myth
http://en.wikipedia.org/wiki/Volcanic_eruption
http://en.wikipedia.org/wiki/Megalithic
http://en.wikipedia.org/wiki/Sun
http://en.wikipedia.org/wiki/Ra
http://en.wikipedia.org/wiki/Rapanui


20-20 Hindsight 
 

 298 

Churchward attributed all megalithic art in Polynesia to the people of Mu.  He 

claimed that symbols of the sun are found ―depicted on stones of Polynesian 

ruins,‖ such as the stone hats (pukao) on top of the giant moai statues of 

Easter Island.  Citing W.J. Johnson, Churchward describes the cylindrical 

hats as ―spheres‖ that "seem to show red in the distance‖ and asserts that 

they ―represent the Sun as Ra.‖  

He also incorrectly claimed that some of them are made of "red sandstone"; 

which does not occur in the island.  The platforms on which the statues rest 

(ahu) are described by Churchward as being ―platform-like accumulations of 

cut and dressed stone,‖ which were supposedly left in their current positions 

―awaiting shipment to some other part of the continent for the building of 

temples and palaces.‖   

He also cites the pillars ―erected by the Māori of New Zealand‖ as an 

example of this lost civilization‘s handiwork. In Churchward's view, the 

present-day Polynesians are not descendants of the dominant members of 

the lost civilization of Mu, responsible for these great works, but survivors of 

the cataclysm that adopted ―the first cannibalism and savagery‖ in the world 

James Bramwell and William Scott-Elliott claimed that the cataclysmic 

events on Mu began 800,000 years ago and went on until the last 

catastrophe; which occurred precisely in 9564 B.C..  In the 1930s, Atatürk, 

founder of the Turkish Republic, was interested in Churchward's work and 

considered Mu as a possible location of the Turkish original homeland.   

Psychic Ruth Montgomery ,in her book The World Before (1976), wrote that 

Mu and Lemuria were the same place; located from the ―northern reaches of 

California to the tip of Peru; encompassing a vast pacific area of which 

Hawaii, Tahiti, Polynesia and Easter Island are remnants.‖  Masaaki Kimura 

has suggested that certain underwater features located off the coast of 

Yonaguni Island, Japan (popularly known as the Yonaguni Monument) are 

ruins of Mu (or "ruins of the lost world of Muin" according to CNN.  

The existence of Mu was disputed already in Le Plongeon's time.  Today, 

scientists universally dismiss the concept of Mu (and of other lost continents 

like Lemuria) as physically impossible since a continent can neither sink nor 

be destroyed in the short period of time required by this premise.  Mu is, 

today, considered to be a fictional place. Thus, anyway, this illustrates 

humanities‘ notional quest for the source of both inspiration and innovation. 
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The early history of Mesoamerican studies is characterized by a grave 

dispute over the origins of Mesoamerican civilization.  In many ways, this 

dispute is an argument over two lost continents (Atlantis and Mu) and where 

their survivors may have settled. Proponents of the Atlantis hypothesis 

argued that survivors of that lost continent spread to Africa and to Central 

America; giving rise to advanced civilizations like Egypt and the Maya (Orser 

2001). Followers of Mu theory claim that refugees from the lost Pacific 

continent ventured to China and Central America; giving rise to advanced 

civilizations (Tompkins 1976).  

The idea that Mesoamerican civilization began in situ is never contemplated.  

 

The two leading advocates of their respective theories were Ignatius 

Donnelly and Col. James Churchward.  According to Prof. Charles Orser, 

Donnelly (a former vice-presidential candidate) built upon the myth of 

Atlantis laid down by Plato and created a vision of the island-continent that 

would last for a century after his book - Atlantis: The Antediluvian World 

ceased to be remembered: "It is, quite simply, the most significant pseudo-

archaeology book ever written, and it has provided a roadmap for the flood 

of pseudo-archaeology that has come after it [ORSER; 2001]."  

 

On the other end of the spectrum, Col. Churchward believed in an island 

civilization located in the Pacific Ocean, whose remains he believed can still 

be seen in the cyclopean ruins of the Polynesian islands; most notably the 

statues of Easter Island.  Alternative historian Peter Tompkins (1976) says 

that Churchward's Mu was the origin of civilization with "one branch of 

colonization which ran from Mu to Central America, thence to Atlantis."  

In this scheme, civilization arrived in ancient Mesoamerica by a Pacific route 

and Atlantis is downgraded to a mere outré-colony of the greater Mu.  

The conflict among these pre-modern diffusionist theories would lead 

generations of diffusionists to claim external origins for Mesoamerican 

civilization, much to the dismay of archaeologists, who tried to stop the 

robbing of indigenous cultures (see Haslip-Viera et al.; 1997). 

THE ATLANTIC CROSSING HYPOTHESIS  

Donnelly placed Atlantis in the Atlantic Ocean and had its descendants 

populate the Atlantic rim; bringing culture to the ignorant natives after the 
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fall of the great island. This theory was eagerly adopted among the 

diffusionists of the nineteenth century because, as Tompkins (1976:36) 

recounts, "the similarity between Mexican and Egyptian pyramids, 

hieroglyphs, and calendars was too strongly indicative of the existence in the 

Atlantic of an intervening continent or group of islands, for which Plato's 

account of Atlantis fit the bill."  

Of course, having the side-effect of denying the native peoples a culture on 

par with that of the Europeans did nothing to retard the spread of 

diffusionism. After the twentieth century rejection of the Atlantis hypothesis, 

speculation transformed the Atlantis hypothesis into transoceanic contact. 

However, even under this scenario, the connection is tenuous at best.  The 

Egyptian and Mesoamerican pyramids bear no relation to each other in 

either form or function.  

As Haslip-Viera, Montellano and Barbour (1997) point out, the Mexican 

pyramids were step-pyramids with wide, accessible stairs topped with 

temples while the Egyptian were regular pyramids with no access or temple-

top.  Furthermore, if the Egyptians did come to the New World, why should 

they have taught the Olmec of 1500 B.C. the pyramid-building techniques 

they themselves had stopped using several hundreds of years earlier?  

 

The same year that Tompkins wrote his alternative history of Mexican 

pyramid investigation, another researcher was using the old nineteenth 

century theories to formulate a different view of the origins of ancient 

Mexican civilization.  As Gabriel Haslip-Viera, Bernard Ortiz de Montellano 

and Warren Barbour (1997) discuss, Ivan van Sertima proposed that ancient 

Mesoamerica derived its civilization from transatlantic voyages by Africans.  

Van Sertima was on the forefront of the Afro-centric movement and firmly 

believed that African (negroid) people were responsible for all of the ancient 

civilizations of earth: "In the case of the Americas, a more complicated 

scenario had to be advanced in order to account for the relative isolation of 

these continents and the geographic obstacles posed by the Atlantic and 

Pacific."  

 

Van Sertima laid out a complex scenario of transatlantic voyages that relied 

upon two basic pieces of evidence: (a) African plants in the New World and 

(b) African faces carved in ancient Olmec stones. The botanical evidence 

may be disposed of in a few sentences, but the stone heads will take a 
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longer, more circuitous route to understand. The botanical evidence for 

transoceanic contact basically boils down to the African bottle-gourd, which, 

Michael Coe (2001) points out, was the first domesticate of Mesoamerican 

peoples; cultivated around 6500 B.C..   

Van Sertima had argued that African voyagers brought the plant to the New 

World; the oldest African bottle gourds cultivated in the Old World date only 

to 3000 B.C.: "Thus gourds were first cultivated in the New World much 

earlier than in Egypt." For knowledge of gourd cultivation to travel from 

Africa to Mexico, it would be necessary for the Africans to have been growing 

the gourd before the Mexicans to whom they supposedly gave it.  

Furthermore, since the gourd is capable of traveling across the ocean 

unharmed, Haslip-Viera, Montellano and Barbour (1997) argue that "there is 

no need to posit human transport to the New World" because there is no 

other evidence of introduced African species before Columbus.  

On the other hand, the evidence for Africans immortalized in ancient 

Mexican stonework requires deeper and more complex treatment.   

Jacques Soustelle (1985) reports that the Olmec culture first became known 

in 1862 with the discovery of the first colossal stone head, but the culture 

was not identified as something apart from the Maya until 1926. Thus, the 

first report of an Olmec head was tinged not just with the racial attitudes of 

the day but also with a complete void in the archaeological understanding of 

the region.   

When nineteenth-century traveler José María Melgar y Serrano ventured 

deep into the Mexican jungle to investigate rumors of colossal stone statuary 

hidden amidst the verdant green forests, he had no way of knowing that he 

would set off more than a century of speculation into the transcontinental 

origins of Mesoamerican civilization.  

For Melgar y Serrano had discovered the first signs of the oldest high 

civilization in the Americas, the Olmec, and he was shocked by one of their 

colossal stone heads which seemed to him to bear an uncanny resemblance 

to African peoples: "As a work of art, it is, without exaggeration, a 

magnificent sculpture...but what most amazed me was that the type it 

represents is Ethiopian.  I concluded that there had doubtless been blacks in 

this region, and from the very earliest stages of the world [Soustelle 1985]."  
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Over the course of the next hundred and forty years, scores of authors 

would write about the African appearance of the Olmec and hold up these 

colossal stone heads as proof that voyagers from Africa had given the Olmec 

the boon of civilization.  

In 1995, alternative historian Graham Hancock released his massive tome, 

Fingerprints of the Gods, in which he expanded on the old diffusionist 

theories for the origin of the Olmec.  In claiming that the Olmec heads were 

of African origin, Hancock (1995) argued that "It would probably be 

impossible . . . for a sculptor to invent the different combined characteristics 

of an authentic racial type. The portrayal of an authentic combination of 

racial characteristics therefore implied strongly that a human model had 

been used."  These traits referred to were apparently the broad noses and 

thick lips of the Olmec heads; which van Sertima, Hancock and others link to 

Africans.   

However, as any biological anthropologist could demonstrate, phenotypes 

have virtually nothing to do with race.  As Jurmain, Nelson, Kilgore and 

Trevathan (1998) note, race is not a biological concept: "the amount of 

genetic variation accounted for by differences between groups is vastly 

exceeded by the variation that exists within groups." As a result, "race is a 

meaningless concept [Jurmain et al.; 1998]."  So, having thus established 

that there are no races to be depicted on the Olmec heads, next it must be 

shown that the heads do not share the same characteristics with their 

supposed models.   

Haslip-Viera, Montellano and Barbour (1997) spend a considerable amount 

of space discussing the evolutionary history of flat noses and wide lips as 

adaptations to the Mexican tropical climate. The old argument that Egyptians 

gave civilization to the Olmec is untenable by these heads because "Nubians 

and Egyptians have longer, thinner noses because they have lived in a 

desert (Haslip-Viera et al.; 1997)."  

That the heads were of West African (stereotypically black) origin is also 

refuted by noting that West Africans are prognathic (jutting jawed), while 

the Olmec heads are markedly not.  Also, the Olmec heads have epicanthic 

eye-folds like Asians, while African populations do not. In other words, the 

Olmec heads show Mexican people: "they resembled people who still live in 

the tropical lowlands of Mexico [Haslip-Viera et al.; 1997]."  
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The African-origins hypothesis seemed initially to accord well with the 

hyperdiffusionist movement of the late nineteenth century. It was then 

assumed that civilization began in Egypt and spread from there to all corners 

of the world; and that the peoples of the Americas had to have received 

their civilization from outside sources because of their biological inferiority 

(Haslip-Viera et al.; 1997).  Of course, the late nineteenth century thinkers 

were troubled by the seemingly African features of the Olmec sculptures, 

since the Egyptians, whose civilization was the antecedent of all, were 

believed then to be Caucasian people. The so-called Negroid type was then 

thought by these same people to be biologically inferior, as well.  

The genius of van Sertima's hypothesis was that it made the African 

phenotype the biologically superior one and thus "established" that the old 

views were correct, but in the wrong color: "It is curious that this hypothesis 

has resurfaced in the late 20th century in revised form, with the biologically 

superior people now being identified as blacks [Haslip-Viera et al.; 1997]."  

The African origins hypothesis has been refuted successfully on purely 

scientific grounds. Nevertheless, the manifold theories of African origins, in 

the words of Jacques Sostelle (1985), "continue to haunt Mexican 

archaeology like unsuccessfully exorcised ghosts."  

THE PACIFIC CROSSING HYPOTHESIS  

If the Africa-origins thinkers traced the beginning of their theory to the fiery 

demise of Atlantis, so do the Asian-origins speculators find their own lost 

continent had a hand in shaping the rise of Mesoamerican civilization. 

Writing after the demise of Donnelly's Atlantis theories, Col. James 

Churchward declared in 1930 the fabulous land of Mu was a Pacific continent 

greater than Atlantis and that Central America was but a colony of this great 

land. While Tompkins (1976) believes that the Mu myth could explain the 

origins of Mesoamerican civilization, Churchward's "word can only be taken 

by those who wish to believe him."  Without evidence to back up his claims, 

Churchward's theory of a lost continent fell to the dustbin of history, though 

the idea of trans-Pacific voyages did not.  

Michael Coe (2001) mentions that "the possibility of some trans-Pacific 

influence on Mesoamerican cultures cannot, however, be so easily 

dismissed."  The Asian-influence hypothesis has a stronger basis in fact than 

its African competitor, though there is still precious little to go on.  

The strongest, and indeed only hard piece of evidence for trans-Pacific 

contact, is the use of a particular technique for the manufacture of bark 



20-20 Hindsight 
 

 304 

paper; common to China, Southeast Asia, Indonesia and Mesoamerica.  Coe 

(2001) says that knowledge of this paper-making method "was diffused from 

eastern Indonesia to Mesoamerica at a very early date." He further argues 

that since bark paper was used to make books, information may have been 

exchanged between Pacific and Mesoamerican peoples. This seems to accord 

with Tompkins' (1976) version of ancient Chinese records; which he claims 

document a transoceanic voyage between China and Mesoamerica in the 

fifth century A.D..   

Yet even if true, this would provide no evidence for Asian influence, since 

Olmec civilization sprang into being around 1500 B.C. (Soustelle 1985); and 

Maya civilization was well into its Classic Period greatness centuries before 

the supposed voyage (Coe 2001).  However, Tompkins (1976) claimed 

earlier connection between China and Mesoamerica around the twenty-third 

century B.C.. He was forced to concede, however, that since "there are no 

known historical records for such early periods...these stories float in a limbo 

between fact and fiction [Tompkins 1976]."   

Another attempt to relate Mesoamerican cosmology to the Chinese involved 

the calendar system. Coe states (2001) that the 260-day Mesoamerican 

calendar cycle, with its animal symbolism, is a near-perfect analog to the 

Southeast Asian lunar calendar: "Furthermore, Asian and Mesoamerican 

cosmological systems, which emphasize a quadripartite universe of four 

cardinal points associated with specific colors, plants, animals and even 

gods, are amazingly similar [Coe 2001]."  

Balaji Mundkur (1978) challenged this idea decades ago; arguing that the 

comparison was faulty: "These comparisons seem feeble not only because 

they are superficial and intrinsically contradictory, but also because they are 

opposed by a vast body of Asian religious symbolism.  Furthermore, they are 

chronologically incompatible with historical events." For Mundkur (1978), the 

differences between Asian and Mesoamerican art far outweigh the superficial 

resemblances.  Art analysis can only provide a subjective connection 

between the Old and New Worlds; especially since so much of the Asian 

culture supposedly borrowed by Mesoamericans actually arose hundreds of 

years after the rise of the Maya and Mexican civilizations.   

But the superficial similarity in artistic styles has given rise to another line of 

argument. Among the most common arguments for trans-Pacific contact 

with Mesoamerica is a shared cult of the serpent, based on the presumed 
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similarity of Chinese, Hindu and Mayan depictions. Both Asia and 

Mesoamerica dedicated shrines to serpents and the cult of the serpent is 

seen in the most ancient civilized sites of Mesoamerica; including the Olmec 

occupation of Chalcatzingo (Coe 2001) and La Venta (Hancock 1995) - as 

well as in ancient China and India (Mundkur 1976). However, the similarities 

appear to stop there. Mundkur (1976) successfully casts doubt on 

diffusionist claims when he notes that "the characteristics of the serpent cult 

in pre-Columbian civilized Mesoamerica... differ fundamentally from the 

serpent lore of India and Southeast Asia."  

Further, he notes that serpent worship is common not just to Asia and 

America but to nearly every known ancient culture and survived hunter-

gatherers; from North America to Australia (Mundkur 1976).  Something so 

universal cannot be taken to indicate common origin in historical times, 

though could conceivably point still further back to the Jungian archetypes 

that Victor Mansfield (1981) identified in the Mesoamerican pecked circles.   

Both Asia and America seemed to share a penchant for making mandalas, 

the drawn or carved circles of divine meditation favored by Hindus and 

Buddhists. Victor Mansfield (1981) says that the Mesoamerican mandalas 

were of Teotihuacan origin and shared a similar shape and placement in 

temples to their Asian counterparts. He offers an explanation for the 

superficial similarity of Mesoamerican "pecked circles" to Asian mandalas: 

"the pecked circles may serve as calendars [1981]" because they have a 

cross within the circle whose arms tend to point to the direction of solstices 

and equinoxes.  

While Mansfield (1981) goes on to offer an Jungian interpretation of the way 

universal psychic forces influenced mandala (and Christian labyrinth) 

designs, the calendar representation is the most likely; especially when one 

remembers that the Mesoamericans envisioned the universe in four parts. 

Thus, the cross divides the pecked circle into four sections.  Of course, to the 

Asian-origin hypothesis's credit, Asian (especially Chinese) cosmology 

emphasized a quadripartite universe.   

Yet, despite the stories and rumors surrounding Asian influence in Central 

America, there is very little hard evidence beyond the bark paper 

manufacturing technique.  Coe (2001) makes the point more succinctly: "It 

should be categorically emphasized that no objects manufactured in the Old 

World have been identified in any Maya site."  However, Coe did agree that 
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the Maya may have received Asian ideas "at a few times in their early 

history," though in no sense are they "derivative from Old World 

prototypes."  

BEYOND HYPER-DIFFUSIONISM  

Thus far we have examined hypotheses that, while routed in old ideas of lost 

continents, dealt specifically with trans-oceanic origins for Mesoamerican 

civilization in an attempt to prove an Old World origin for New World 

civilization. The logical extension of this line of diffusionist thinking was a 

return to the nineteenth-century vision of a lost motherland for human 

civilization, this time with a space-age twist.   

Swiss author Erich von Däniken (1969) caused a sensation when he claimed 

"that our forefathers received visits from the universe in the remote past."  

Part obfuscation and part wild speculation, von Däniken (1969) claimed that 

the Mesoamerican Feathered Serpent deity was a space alien because in his 

world, space aliens flew across the sky in rocket-ships and these rockets 

seemed like snakes to the ancient Maya; who were presumably too stupid to 

understand much of anything: "How could anyone worship this repulsive 

creature as a god, and why could it fly as well? Among the Maya it could 

[von Däniken 1969]." Therefore, the Feathered Serpent must have been a 

rocket ship.   

For von Däniken, the famed sarcophagus lid of Lord Pacal of Palenque shows 

not the "gigantic fleshless jaws...the World Tree and the bird-monster 

Wuqub' Kaqix [Coe: 2001] but machinery today any child would identify his 

vehicle as a rocket [von Däniken 1969]." Almost thirty years later, Hancock 

(1995) argued after this line of reasoning that the tomb of Pacal "resembled 

a technological device much more strongly than it did... the king falling back 

into the fleshless jaws of the earth-monster."  

Only for Hancock, the agent responsible for this technology was not 

extraterrestrials, but "an older and a higher civilization [Hancock 1995]," not 

unlike the legendary Atlantis or Mu, long ago dismissed as improbable and 

unsupported by evidence. Thus, the circle that began a century ago with 

Donnelly and then Churchward closes with more of the same. Despite 

criticism from the scientific establishment, including famed scientist Dr. Carl 

Sagan, the ancient astronaut and lost civilization hypothesis remains 

popular.  According to Omni (1994) "One of Sagan's original objections was 

the underlying assumption that our ancestors were apparently too stupid to 
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create the monumental architecture of our past."  Indeed, this is the theme 

that cuts across all the diffusionist ideas about the origins of Mesoamerican 

civilization. Each of these authors argues that the Mesoamericans were 

incapable of creating a unique, vital and exciting civilization on their own - 

that they needed outside agents to help them overcome their mental 

handicaps.   

This view is not only wrong, it is also racist.  It is racist whether it comes 

from supporters of the Caucasian refugees of a lost continent (see Hancock 

1995) or the Afro-centrists who see Africans as the superior race (see 

Haslip-Viera et al.; 1997).  What these belief systems fail to understand is 

that humanity has no biological determinism; that intelligence and the ability 

to create and to understand are not characteristics belonging to races, but 

individuals (Jurmain et al.; 1998).  Mesoamericans had a long tradition of 

civilization and culture before the Spanish conquest and no attempt to 

rewrite history can deny the ancient peoples of Mexico their cultural 

heritage. Modern geological knowledge rules out "lost continents" of any 

significant size.  

According to the theory of plate tectonics, which has been extensively 

confirmed over the past 40 years, the Earth's crust consists of lighter "sial" 

rocks (continental crust rich in aluminum silicates) that float on heavier 

"sima" rocks (oceanic crust richer in magnesium silicates). The sial is 

generally absent in the ocean floor where the crust is a few kilometers thick, 

while the continents are huge solid blocks tens of kilometers thick. Since 

continents float on the sima much like icebergs float on water, a continent 

cannot simply "sink" under the ocean. 

It is true that continental drift and seafloor spreading can change the shape 

and position of continents and occasionally break a continent into two or 

more pieces (as happened to Pangaea). However, these are very slow 

processes that occur in geological time scales (hundreds of millions of 

years). Over the scale of history (tens of thousands of years), the sima 

under the continental crust can be considered solid and the continents are 

basically anchored on it.  It is all but certain that the continents and ocean 

floors have retained their present position and shape for the whole span of 

human existence.  

There is also no conceivable event that could have "destroyed" a continent, 

since its huge mass of sial rocks would have to end up somewhere—and 
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there is no trace of it at the bottom of the oceans. The Pacific Ocean islands 

are not part of a submerged landmass but rather the tips of isolated 

volcanoes. This is the case, in particular, of Easter Island, which is a recent 

volcanic peak surrounded by deep ocean (3,000 m deep at 30 km off the 

island). After visiting the island in the 1930s, Alfred Metraux observed that 

the moai platforms are concentrated along the current coast of the island; 

which implies that the island's shape has changed little since they were built.  

Moreover, the "Triumphal Road" (that Pierre Loti had reported ran from the 

island to the submerged lands below), is actually a natural lava flow. 

Furthermore, while Churchward was correct in his claim that the island has 

no sandstone or sedimentary rocks, the point is moot because the pukao are 

all made of native volcanic scoria. The historical details and implications of 

the Mu theory, which from the start were even more controversial than the 

physical ones, have been thoroughly discredited by archaeological and 

genetic research.  

There is evidence that the civilizations of the Americas and the Old World 

developed independently of each other and, in fact, agriculture and urban 

societies probably first developed, after the end of the Ice Age; somewhere 

in the Levant some 10,000 years ago and gradually spread outwards from 

there to the rest of the Old World. The development of the oldest known 

cities, such as Çatalhöyük, can more easily be attributed to local and gradual 

evolution than to the coming of refugees from a "superior civilization".  

Finally, genetic studies of the indigenous peoples of America, the Pacific 

Islanders, and the ancient peoples of the Old World are quite incompatible 

with the Mu theory. As for Easter Island, it was first settled around 300 A.D. 

and the pukao on the moai are regarded as ceremonial or traditional 

headdresses. In fact there is no evidence of a highly advanced civilization on 

what is left of the island's land mass. Other researchers who have tried to 

use the de Landa alphabet have reported it produces only gibberish.  

Recent research into the Mayan ‗alphabet‘ has shown it to not consist of 

letters but pictograms. Recent translations of the Troano Codex have shown 

it to be a treatise on astrology.  H. P. Lovecraft (1890–1937) featured the 

lost continent in his revision of Hazel Heald's short story "Out of the Aeons" 

(1935). Mu appears in numerous Cthulhu mythos stories; including many 

written by Lin Carter.  
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Like a real life Indiana Jones, maverick archeologist David Hatcher Childress 

has taken many incredible journeys to some of the oldest and most remote 

spots on earth.  Writing prolifically of lost cities and ancient civilizations, he 

has produced no less than six lengthy books (called ―the Lost Cities‖ series) 

chronicling the dimly remembered glories of obscure locales from the Gobi 

desert to Puma Punku in Bolivia; from Mohenjo Daro to Ba'albek.  

Shortly before taking off for New Guinea on yet another archeological 

expedition, he wrote an exclusive for Atlantis Rising on the Top 10 Ancient 

Civilizations with Advanced Technology. According to various esoteric 

sources, the first civilization arose 78,000 years ago on the giant continent 

known as Mu or Lemuria and lasted for an astonishing 52,000 years.  It is 

sometimes said to have been destroyed in earthquakes generated by a pole 

shift which occurred some 26,000 years ago; or at approximately 24,000 

B.C..  

 
 

While Mu did not reach as high a technology, supposedly, as other later 

civilizations, it is, nevertheless, said to have attained some advanced 

technology; particularly in the building of long-lasting megalithic buildings 

that were able to withstand earthquakes. However, it was the science of 

government that is sometimes said to have been Mu's greatest achievement. 

 

http://www.bibliotecapleyades.net/esp_lemuria.htm
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Supposedly, there was one language and one government.  Education was 

the keynote of the Empire's success and, because every citizen was versed 

in the laws of the universe and was given thorough training in a profession 

or trade, magnificent prosperity resulted. A child's education was compulsory 

to the age of 21 in order for him to be eligible to attend citizenship school.  

This training period lasted for seven years; so the earliest age at which a 

person could become a citizen of the empire was 28. 

Childress highly ranked not only the mythical origins of China but China itself 

as a top contender for ancient advanced technology. Ancient China, known 

as Han China, is said to have come, like all civilizations, from the huge 

Pacific continent Mu.  The ancient Chinese are known for their sky-chariots, 

their geomancy and the jade manufacture that they shared with the Mayas. 

Indeed, the ancient histories of the Chinese and the Mayas seem indelibly 

linked.  

Anthropologists makes a good case for a Taoist influence coming to Central 

America by showing Shang dynasty symbols and motifs (the yin-yang is the 

most famous, but there are many more) and then relating them to known 

Mayan art and sculpture. Jade was of particular importance to the Shang 

Chinese. So far, the ancient source of Chinese jade has not been pinpointed. 

Much of it may have come from Central America.  Even the source of Central 

American jade is a mystery; many ancient jade mines are believed to be still 

undiscovered.  

Anthropologists suggest that Chinese voyages to Mexico, between 500-300 

B.C., may have been related to Taoist trade in ‗magic mushrooms‘ or drugs 

of longevity.  The ancient Chinese are often said to be the originators of 

every invention from toilet paper, earthquake detectors, paper money, 

canons, rocket technology, printing methods and thousands of other clever 

high-tech items.  

In 1959 archaeologists in China discovered belt buckles made out of 

aluminum thousands of years ago.  In modern times, Aluminum is generally 

processed from bauxite with electricity!  The last of my list of ancient 

civilizations is that of the virtually unknown ancient culture of the Aroi Sun 

Kingdom of the Pacific.  While the so-called lost continent of Mu sank over 

24,000 years ago in a pole shift, the Pacific was later repopulated by a racial 

mixture of all civilizations coming from: Rama, China, Africa and the 

Americas.  
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An advanced island nation, with larger areas of land than are currently in 

the Pacific, grew up around Polynesia, Melanesia and Micronesia.  Ancient 

legends in Polynesia attribute this remarkable civilization to the Aroi 

Kingdom that existed many thousands of years before the European 

rediscovery of the Pacific. The Aroi allegedly built many of the megalithic 

pyramids, platforms, arches, roads and statues throughout the central 

Pacific. When some of the more than 400 gravel hills on New Caledonia 

were excavated in the 1960s, cement columns of lime and shell matter were 

carbon dated by Yale and the New Caledonia Museum as having been made 

before 5120 B.C. and 10,950 B.C..  These weird cement columns can be 

found in the southern part of New Caledonia and on the Isle of Pines.  

 

Illustration – Concept Map of Mu [SOURCE: Lemurian Study Group of Romona, California] 

According to the Easter Islanders, the statues of the islands walked or 

levitated in order to move in a clock-wise spiral around the island. On the 

island of Pohnpei, the Micronesians claim that the stones of the eleven-

square-mile city were levitated into place.  The Polynesians of New Zealand, 

Easter Island, Hawaii and Tahiti all believe that their ancestors had the 

ability of flight; traveling through the air from island to island.  

See: http://www.youtube.com/watch?v=DgFCq14oWGA (You Tube Presentation)  and  
 
History Channel’s video here: 
http://www.youtube.com/watch?v=PZKiCpFisoY&feature=related 
 
See also: http://www.youtube.com/watch?v=auNmfvqj8zs&feature=related  
(also from History Channel) along with two lengthy documentaries: 

 http://www.youtube.com/watch?v=PfCmLWnl7m4&feature=related 

 http://www.youtube.com/watch?v=vNq62UbhMW8&feature=related (Interview) 
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XIII 

 
 

 
 

Quo Vadis? 

China‘s innovation and standards policies face a fundamental dilemma: How 

can China reconcile its primary objective of strengthening the innovative 

capacity of Chinese firms and industries with the country‘s leading role in 

international trade and its deep integration into global corporate networks of 

production and innovation? To answer that question, this chapter introduces 

the new world of international economics shaped by ubiquitous globalization 

and describes the challenge of rising complexity that defines China‘s 

dilemma. To assess China‘s capacity to cope with those challenges, a simple 

stylized model is used that distinguishes important tasks of standardization 

and highlights differences in capability sets and in standardization strategies. 

Ubiquitous Globalization: The New World of International Economics 

Rising complexity and increasing uncertainty are two defining characteristics 

of the new world of international economics shaped by ubiquitous 

globalization. To most economists, that world seemed to be fairly 

predictable; at least until the worst crisis since the Great Depression 

disrupted international trade and investment. This crisis has changed 

established perceptions quite dramatically. How much the intellectual climate 

has changed became obvious when Alan Greenspan famously confessed that 

he had put too much faith in the self-correcting power of free markets. Basic 

assumptions of economic theory are being revisited and market regulation is 

again becoming an accepted policy tool to contain the risks of unfettered 

markets and excessive innovation. 

―Ubiquitous globalization‖ now reaches beyond markets for goods and 

finance into markets for business services, technology, intellectual property 

rights and knowledge workers (Ernst 2011).  The result is an increase in the 

organizational and geographical mobility of knowledge.  However, the new 

geography of knowledge is not a ‗flatter‘ world where technical change and 

liberalization rapidly spread the benefits of globalization.  Instead, a handful 

of new—yet very diverse and intensely competing—manufacturing and R&D 

hubs are emerging in Asia. Meanwhile, bloody battles over intellectual 
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property have become the tech world‘s new normal.  Google just bested 

Oracle in an epic courtroom drama over the use of Java in Android. Apple is 

fighting in jurisdictions around the world. Technicolor, the company that put 

black and white movies out of vogue, is counting on patent suits as a 

revenue stream. A stellar info-graphic from visual.ly has attempted to sketch 

the tangled alliances or conflicts among the techno-titans. 

Technicolor, a French company, has an entire division dedicated to ripping 

apart smartphones; looking for patent infringements the corporation can 

negotiate licenses for; according to Bloomberg (2012). Strangely, if they 

start selling the patents outright, their revenues would dry up. The 

implication is clear: patents are not just a tool for sporting innovation; they 

are a stick for beating money out of anyone within striking distance. Once 

thought of as a shield primarily, patents are now swords.  

One company, backed by some of the largest names in technology, exists 

almost entirely for this purpose. Rockstar Consortium came together to buy 

Nortel‘s 6,000 mobile-related patents for $4.5 billion last year. Backed by 

Apple, Microsoft, Sony, Ericsson and Research in Motion; Rockstar does 

nothing but dig through competitors‘ devices and analyze them to see if they 

are potentially violating any of the intellectual property in the company 

catalog.  

Many companies have begun simply buying up patents regardless of any 

intrinsic or market innovation value; but just to have leverage for 

settlements out of court. China is a growing purveyor of this practice. The 

American Bar Association in particular has authored many articles on the 

subject of so-called ―junk‖ patents. In the not-so-junk category, Apple is 

suing HTC, Nokia, Motorola, Samsung and Kodak over iPhone infringement 

issues. All of these companies have returned fire with their own counter-

suits against Apple. 

The legal storm is intensifying. Facebook, Microsoft, AOL and Yahoo are in a 

complicated, intertwining choreography that began when Yahoo dropped its 

patent bomb on Facebook. Microsoft responded by acquiring 950 patents 

from AOL; of which it flipped 650 to Facebook to help protect it against 

Yahoo. All of this warfare in anti-competitive, corruptive, impedes creativity 

or innovation and can kill small businesses.  The terrain favors the attacker; 

which is why China is using this tool with growing success against the West 
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but while its own IPP laws are infantile, it may backfire. The PRC is perhaps 

the largest patent troll risk on the planet today. 

Indigenous Innovation 

Overall, technology-based competition is intensifying and competitive 

success critically depends on control over intellectual property rights as well 

as ―a capacity to control open but owned architectural and interface 

standards‖ (Ernst 2002). It is hardly surprising that, under such conditions, 

as John Alic puts it, ―firms may be tempted to seek profits through collusion 

rather than technological innovation. When innovations do result, the costs 

may be high‖ (2009). This process has increased the economic importance 

of standardization. Standards are used everywhere to create and shape 

markets and to control competition. This has transformed standards 

development from an arcane technical and legal subject into a highly-

contested field of corporate strategy and public policy. As a result, a 

company‘s approach to standardization has become a strategic management 

tool. Standardization also is of critical importance for government policies to 

foster innovation and competitiveness.  

At the same time, however, new challenges have emerged for standards and 

innovation policies.  Peter Cowhey26 talks of an ―inflection point‖ that 

requires a reconsideration of strategy and organization. Root causes for 

these new challenges to standards and innovation policy include a rise in 

complexity, not only of technology, but also of business organization and the 

competitive dynamics of the global market place. But while the importance 

of standards has increased, there has been little public debate about the 

critical role of standardization for national innovation policies. This is 

especially the case in the United States, where standardization is left to a 

small community of experts in the private sector. China now seeks to 

develop a more activist approach to standardization. 

Technology 

Innovation theory shows that innovation depends increasingly on science 

and on interactions of multiple and very diverse stakeholders through 

geographically dispersed innovation networks that extend the boundaries of 

industries and nations.  Hence, innovation requires ―… complex systems that 

are characterized by the heterogeneity of agents with different functions, 

different endowments, different learning capabilities and different 

                                                 
26

 Peter Cowhey is a former senior counselor to the USTR. 
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perspectives, and most important, different locations in the multidimensional 

spaces of geography, knowledge, technology and reputation‖ (Antonelli 

2011). This is especially the case in the Internet-Computer-Telecomm (ICT) 

industry; where competition is centered on the increasingly demanding 

performance features for electronic systems.  

Whether we look at laptops, smart phones or mobile base stations; these 

devices all need to become lighter, thinner, shorter, smaller, faster and 

cheaper (as well as having more functions and using less power). To cope 

with these demanding performance requirements, engineers have pushed 

modular design and system integration; with the result that major building 

blocks of a mobile handset are now integrated on a chip.27 

Design teams also need to cope with the accelerating pace of technical 

change. Essential performance features are expected to double every two 

years, time to market is critical and product life cycles are rapidly shrinking 

to a few months. Only those companies thrive that succeed in bringing new 

products to the relevant markets ahead of their competitors. Of critical 

importance is that a firm can build specialized capabilities quicker and at 

lower cost than its competitors (Kogut and Zander 1993). Technological 

complexity increases even in the slow-moving, very-low-profit-margin TV 

industry. Google and Intel are pushing radical innovations simultaneously in 

three areas — 3D, Internet connectivity and LED backlighting (enabling 

thinner sets that use less power) — transforming TV sets into complex 

technology systems. 

Arguably, the most important manifestation of rising technological 

complexity is the convergence of ICT infrastructures for the Internet, 

wireless or mobile communications and cloud computing that culminates in 

ubiquitous networks (or the ―Internet of things‖).  Take for instance the 

convergence of networking gear, servers and storage equipment. 

Convergence has forced companies like HP, Cisco and Oracle to capture 

control over intellectual property in all three product markets through 

acquisitions of semiconductor and software companies.28 In fact, Oracle, 

after acquiring Sun Microsystems‘s server and microprocessor business, is 
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 Arthur 2009; Lester and Piore 2004; Ernst 2005; and Hildrum et al. 2011. 
28 For an economic analysis of the impact of these new chip design methodologies, see Ernst 2005.  At the  
      Openworld 2010 conference, Larry Ellison, CEO of Oracle, said, “You are going to see us buying chip companies.  
      We want to]own more of the intellectual property that underpins computer chips.” Quoted in A. Ricadela and I.  
      King, “Oracle Plans to Acquire Chipmakers, Industry-Specific Software,” Bloomberg.com, September 23, 2010. 
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now seeking to acquire a semiconductor firm to customize its SPARC 

microprocessors precisely in accordance with demands of its clients. Control 

over key intellectual property needed to diversify into related product 

markets also seems to have motivated HP‘s acquisition of networking 

equipment vendor 3Com and IT services company EDS; and Cisco‘s move 

into computer servers. For all three companies, the main rationale for their 

acquisitions is to broaden their portfolio of essential patents that are needed 

for main standards in these three markets. The result will be an increasing 

concentration of control over intellectual property rights and the proliferation 

of ―patent thickets.‖29 

This has important implications for standards development. Take the 

unprecedented standardization challenge faced by the Smart Grid 

Interoperability project in the United States (Ernst 2010). To upgrade the 

existing patchwork of the North American power system grid, more than 75 

existing major standards need to be reviewed, adjusted and approved so 

that they can work together.  In addition, to master the transition to a smart 

grid, hundreds of new standards, specifications and requirements need to be 

created in priority areas, such as energy efficiency, energy storage, electric 

transportation, advanced metering infrastructure, distribution grid 

management, cyber security and network communications. 

Rising complexity in the case of the smart grid project results from the 

inherent limitations of disparate and uncoordinated networks. In the United 

States, 3,100 utilities and more than 15 standards development 

organizations are involved in the electric power system grid. To top it all off, 

the project needs to establish effective cooperation within a very short time 

frame between two industries (the utility industry and the providers of 

information hardware and software for integrating the grid) whose business 

models and strategies could hardly be more different.  

The utility industry moves slowly, at least partly because of the complex 

regulatory environment. But equally important for the slow pace of change 

in this industry is the highly fragmented ownership structure. On the other 

hand, the providers of information hardware and software for integrating the 

grid are all from the fast-moving ICT industry; where profits depend on 

                                                 
29 According to a study by the European Patent Office, “patent thickets” are “multiple upstream patents, where  
      overlapping rights may impede the commercialization of a product or a process.” Companies use ‘patent  
      thickets’ to “… ring-fence technologies or to prevent other parties from either researching or commercializing  
      their inventions” (European Patent Office 2007). 
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speed as well as on strategic patenting. According to one observer, trying to 

make these two players work together is ―… like, over the next week or so, 

let‘s solve the Palestinian–Israeli problem.‖ 30  It is obvious that such rising 

complexity drastically increases requirements for interoperability standards. 

A state-of-the-art definition is provided by the National Institute of 

Standards and Technology (NIST) as part of its Smart Grid Interoperability 

Standards project (NIST 2010):  

―Interoperability is the capability of two or more networks, systems, devices, 

applications, or components to exchange and readily use …meaningful, 

actionable information—securely, effectively and with little or no 

inconvenience to the user…Specifically, these standards define specifications 

for languages, communication protocols, data formats, linkages within and 

across systems, interfaces between software applications and between 

hardware devices, and much more…These standards must be robust so that 

they can be extended to accommodate future applications and technologies.‖  

In fact, each of the major interoperability standards in the ICT industry is 

protected by multiple patent families; giving rise to patent thickets. With 

Ernst increasing complexity of technologies, these patent thickets become 

denser. For instance, for the GSM standard (for second-generation mobile 

telecommunications systems), 140 essential patents were claimed by their 

respective patent holders (Bekkers et al.; 2002).  

A fundamental criterion of essentiality is that it is not possible to comply 

with a given standard without infringing that particular patent. For the third-

generation mobile standards, the number of essential patents has 

substantially increased. For example, W-CDMA (one of the three competing 

3G standards) is protected by more than 2,000 patent families comprising 

more than 6,000 individual patents from some 50 companies and consortia 

(Davey 2006). At the same time, the number of standards required for a 

single mobile device has grown exponentially.  

Today‘s typical smart phone combines hundreds of standards coming from 

dozens of standard-setting organizations, for camera, video, web browser, 

PDA, Wi-Fi, Bluetooth, Linux, USB and so on.  As a result, smart phones 

have become the latest patent battleground. In 2010, nearly 8,000 patents 

                                                 
30

 Bob Gohn, senior analyst at Pike Research, quoted in T. Harbert, “The Not-so-smart-Grid,” EDN, May 25, 2010  
      at http://www.edn.com/article/print/509094-The_not_so_smart_ grid.php. 
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held by 41 companies apply only to the 3G wireless communications 

capabilities of a typical smart phone. 

Business Organization: Global Corporate Networks 

The root cause for these increasingly demanding requirements for 

technology development is the emergence of a ―winner-takes-all‖ 

competition model as described by Intel‘s Andy Grove (Grove 1996).  In the 

fast moving ICT industry, success or failure is defined by return on 

investment and speed to market. Every business function, including R&D and 

standard development, is measured by these criteria. Intensifying 

technology-based competition has provoked fundamental changes in 

business organizations.  No firm, not even a global market leader like IBM, 

can mobilize all the diverse resources, capabilities and repositories of 

knowledge internally.  This indicates how much the world has changed since 

Edith Penrose argued in her path-breaking study The Theory of the Growth 

of the Firm that ― ... a firm‘s rate of growth is limited by the growth of 

knowledge within it‖ ([1959] 1995). 

Corporations have responded with a progressive modularization of all stages 

of the value chain and its dispersion across boundaries of firms, countries 

and sectors through multi-layered corporate networks of production and 

innovation (Ernst 2003).  The complexity of these global networks is mind-

boggling. According to Peter Marsh, the Financial Times‘ manufacturing 

editor, ―…every day 30 metric tons of materials valued at roughly $80 billion 

are shifted around the world in the process of creating some 1 billion types 

of finished products.‖ 31 While the proliferation of global production networks 

goes back to the late 1970s, a more recent development is the rapid 

expansion of global innovation networks (GINs), driven by the relentless 

slicing and dicing of engineering, product development, and research (Ernst 

2007). Empirical research documents that this has further increased the 

complexity of global corporate networks. GINs now involve multiple actors 

and firms that differ substantially in size, business model, market power and 

nationality of ownership; giving rise to a variety of networking strategies and 

network architectures (Ernst 2009). 

The flagship companies that control key resources or core technologies and 

hence shape these networks, are still overwhelmingly from the United 

States, the European Union and Japan. However, there are also now network 

                                                 
31 P. Marsh, “Marvel of the World Brings Both Benefit and Risk,” Financial Times, June 11, 2010. For a detailed  
      case study of the multi-layered global production networks in Asia’s ICT industry, see Ernst 2004. 
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flagships from emerging economies, especially from Asia.  Huawei, China‘s 

leading telecommunications equipment vendor and the second largest 

vendor worldwide, provides an example of a Chinese GIN that can illustrate 

the considerable organizational complexity involved in such networks. For 

standardization, the proliferation of global corporate networks of production 

and innovation poses daunting challenges. A defining characteristic of these 

networks is the sharing of data, which requires interoperability standards. 

Within these networks, information must flow and knowledge must be 

exchanged between groups that are isolated from each other, whether by 

methodologies, geography or culture. This requires standardization of 

diverse network interfaces. The resultant challenges for standardization in 

chip design are analyzed in Ernst (2005). 

As these networks link national production and innovation systems across 

borders, it is necessary to ―harmonize‖ national standards and innovation 

policies. Diverse network participants may share a common objective, but 

they use highly dissimilar vocabularies. To effectively coordinate multiple 

network interfaces requires shared definitions of the data that need to be 

exchanged; of the formats and protocols that govern data transfer and 

interpretation; and of the product specifications. In fact, the challenge for 

standardization now is no longer technology alone. Equally important is the 

challenge to standardize the interactions of people who create and use the 

technology within these networks. In other words, standards need to be 

developed for the work practices and business routines that enable these 

networks to grow and adjust to changing requirements of technology and 

markets. 

Competitive Dynamics 

At the same time, globalization is shifting economic power from west to 

east.32 China‘s resurgence not only as the global factory but also as the 

predominant growth market in the post-crisis recovery creates new 

opportunities and poses new challenges. The United States, like the 

European Union and Japan, is searching for ways to adjust to this new world 

of interdependence.  For Paul Volcker, the outspoken former chairman of the 

Federal Reserve, the rise of China and other emerging economies is 

                                                 
32 As emphasized by Peter J. Katzenstein (2005), it is important to distinguish between “internationalization”  
       which refers to economic transactions across borders among established actors, and “globalization,” which  
      “highlights the emergence of new actors and novel relations in the world system.” 
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―symbolic of the less dominant position the United States has; not just in the 

economy, but in leadership, intellectual and otherwise.‖ 33
 

The financial markets also reflect the erosion of U.S. economic leadership. 

Since the end of the Second World War, the United States had been the 

undisputed source of power in global finance. This may no longer be the 

case. According to recent research by the Bank of International Settlements 

(BIS), the United States now ranks third (after Greece and Italy) among 

leading industrialized countries in its dependence on non-domestic sovereign 

bond holders (selling almost half of its debt to non-Americans; many of 

whom are in Asia). 34  China, in particular is a major creditor to the U.S. and 

is recently approaching the insolvent and teetering EU with the same 

increased ‗soft power‘ strategy. 

International economics still needs to come to grips with the resultant rise in 

complexity in international trade and investment and its policy implications. 

With new players entering the game, established rules are challenged and 

market structures are transformed. As a result, global competition intensifies 

and outcomes become much more uncertain. As Stephen Roach (the former 

chairman of Morgan Stanley Asia) puts it somewhat mischievously: ―In an 

increasingly complex and integrated world, trouble has an unpredictable way 

of mutating.‖ 35
 

Economic history shows that whenever a major new economic power 

appears in world trade, there are dislocations. This was true of the United 

States flooding England with low-priced grain in the mid-nineteenth century; 

was true of the formation of the Common Market and the rise of industrial 

Japan in the last third of the 20th century in terms of their impact 

respectively; and is true of China‘s emergence as the world‘s largest 

exporting country…and third largest importer (Wolff 2010).   

Until recently, the international standardization system was shaped by 

competition between three alternative approaches to standardization: the 

U.S., the EU and the Japanese approaches. Conflicts about standardization 

                                                 
33 Interview with Financial Times, November 12, 2009. 
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 BIS data are quoted in G. Tett, “Asia Pulls Strings Behind Scenes as Eurozone Does Bank Test U-Turn,” Financial  
      Times, July 15, 2010.  For other indicators of the erosion of U.S. leadership, see Tay 2010. 
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had to be resolved among these three major players. China‘s entry into the 

international standards game as a new contestant implies the international 

standardization system is now moving decisively beyond a trilateral towards 

a multi-polar architecture. By definition, system stability will now be more 

difficult to achieve.  

In addition, the United States may have less influence in determining 

international standards development as interdependence defines its 

economic relations with China, as well as with India, Brazil, Russia and other 

emerging economies (BRICs).  For the new players, standards are important 

instruments for industrial and economic development. Compared to the 

established leaders with a long history in standardization; the new players 

have different needs and institutions, business models and capability sets. 

Companies from the emerging economies are thrown into this game without 

much preparation. The new players are thus experimenting with new 

approaches to standardization. Some of the new players may choose to 

adopt existing standards as fast as possible so that they can sell products 

with the standard‘s technology quickly. This first group is actually quite 

heterogeneous and includes Taiwanese ODM suppliers, but also leading 

global ICT players like Huawei. The Taiwanese approach is summarized by 

the chairman of MSI, a leading Taiwanese PC maker: ―It is not up to us to 

push any particular operating system. We just follow what the customer 

wants.‖ 36  

Huawei emphasizes ―customer-centric innovation‖ where the service delivery 

platforms requested by the telecom operators define Huawei‘s choice of 

technology and standards.37  For other new players, a primary concern may 

be to reduce their dependence on foreign technology and to avoid being held 

hostage to high patent royalties.  As shown previously, breaking out of this 

―patent licensing fee trap‖ has been an important motivation for China‘s 

standardization strategy. 

The classic case is DVD players, where Chinese producers in 2004 had to 

pay $15–20 in patent royalties for each player with a retail value as low as 

$60.38   At 25 to 33 percent of retail value, this share is much higher than 

                                                 
36 Joseph Hsu, chairman of MSI, quoted in the Financial Times, June 7, 2010. 
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 Huawei Corporate presentation; May 5, 2010. 
 
38 Deloitte, “Technology Firms Risk Losing Advantages as China’s Influence on Global Standards Reaches Critical  
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the 15 percent that makers of PCs and fax machines had to pay for licensing 

fees when these technologies were still new.39   Another prominent example 

is the licensing fee charged for the dominant MPEG-2 and MPEG-4 standards 

for audio-video coding/decoding devices (codecs). On the MPEG-2 standard, 

for instance, Chinese producers of audio/video equipment initially had to pay 

$4 (USD) for each device.  

The resultant increasing diversity of stakeholders in standardization and of 

standards strategies adds yet another level of complexity. Required are laws 

and regulations that help to create appropriate governance mechanisms for 

standardization. To cope with the increasing diversity of stakeholders, these 

governance mechanisms would need to reconcile ―efficiency‖ with fairness, 

equity and sensitivity to differences in: economic development, institutions 

and capabilities. 

There is broad agreement in the standardization community that this would 

require ―open‖ standards. Yet, according to the RAND Corporation‘s Martin 

Libicki, ―All vendors pay lip service to open systems, but agreement ends 

there. The computer industry needs as many words for ‗open‘ as Eskimos 

need for snow‖ (Libicki 1995).  An in-depth RAND Corporation study on 

‗Standards and Standards Policy for the Digital Economy‘ finds that 

―…market leaders are rarely friendly to open standards when they dominate; 

and eager to see them when they do not…. Market leaders are also friendly 

to standards in layers above and below them; so as to use the competition 

among others to increase choices, lower costs and broaden the market‖ 

(Libicki et al.; 2000).  

For Libicki (1995), the elusiveness of the concept of ―open standards‖ 

implies that a neutral form of public governance is needed ―to avoid the 

Scylla of chaos and the Charybdis of monopoly.‖  In short, market-led 

standardization needs to be complemented by public policy to channel ―the 

struggles of competing vendors and their technologies and the power of 

vendor versus user.‖  For China‘s standardization strategy, globalization and 

rising complexity thus provide an argument for retaining some role for the 

government.  

                                                                                                                                                             
      Levels,” August 2004, quoted in A. Updegrove, “The Yin and Yang of China’s Trade Strategy,” Standards Today,  
      April 2005, at http://www.consortiuminfo.org/bulletins/pdf/apr05/feature.pdf. 
 
39 Data are courtesy of Fairfield Resources International, a U.S. firm based in Darien, Connecticut that helps  
      clients  like Nokia and TI evaluate and license patents. 

http://www.consortiuminfo.org/bulletins/pdf/apr05/feature.pdf


20-20 Hindsight 
 

 323 

 

However, as argued earlier, the government‘s role now needs to be 

complemented by a greater reliance on market forces.  One way to capture 

the challenge for China‘s standardization strategy is to examine its impact 

on the cost of standardization.  It seems plausible to assume that this will 

increase the cost of standardization.  While this may be true for all countries, 

our interest is to find out whether these cost increases will actually be higher 

or lower for a relative latecomer to standardization like China. 

A Stylized Model 

To understand the cost impact of rising complexity, a stylized model that 

distinguishes important tasks of standardization has been used that 

highlights differences in capability sets and in standardization strategies. 

Standardization tasks 

Based on the leading standards experts in the United States, the European 

Union and China; Ernst uses a taxonomy of standardization that involves, 

but is not restricted to, the following tasks (Table 1). Typically, tasks 1, 3 

and 4 are the most costly, but in case of litigation, legal costs in the United 

States can easily run into the hundreds of millions of U.S. dollars.  In China, 

however, while costs of patent litigation are rising, they still remain 

significantly lower than in the United States. Top judgments (or settlements) 

range from RMB 30 million to RMB 157 million. Top cases include domestic 

firms against foreign firms, with only one top case of foreign firm against 

domestic (using a design patent). 40  

Table 1: Ernst‟s Taxonomy of Standardization Tasks 

1. Develop the technology to support the standard 

2. Cost-benefit analysis of whether to adopt existing international standard or whether to create a new standard 

3. Licensing fees for essential patents (both for existing standards and for newly created standards) 

4. Pass testing, conformity assessment, and certification 

5. Membership fees for formal and informal standard development organizations 

6. Logistics (travel etc.) 

7. Cost/risk of including one’s own patents into a standard 

8. Patent pool management 

9. Back-end support 

10. Legal (litigation) 

11. Lobbying 
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Capability sets 

As for capability sets, I suggest to distinguish between two countries. 

Country A (the ―innovator‖) has a long history of standardization; a proven 

ability to operate successfully within standardization bodies and a fairly 

diversified production or innovation system with a broad base of 

accumulated knowledge or Intellectual Property Rights (IPR).  In country A, 

a primary concern of law and policies is the protection of IPR; and 

―openness‖ of standards is subordinated to IPR protection. 

Country C (the ―global factory‖), on the other hand, is a relative latecomer 

to standardization. It still has to learn how to operate successfully within 

standardization bodies.  Most importantly, country ‗C‘ still has a long way to 

go to establish a fairly diversified production or innovation system and a 

broad base of accumulated knowledge or IPR.   

In country ‗C‘, laws and policies are focused on economic development and 

the diffusion of knowledge inherent in IPR. Standardization is viewed as an 

enabling platform for innovation and economic development. 

Standardization strategies 

In principle, countries and companies can choose one of the following 

standardization strategies described in Table 2 (or a combination of them). 

Table 2: Standardization Strategies 

Free rider: Let others develop standards and save costs 

Fast follower: Get existing standard fast so that products with the standard’s technology can be deployed quickly 

Co-shaper: Adjust existing international standards to suit your needs and deploy in current and future products 

Leader: Create new standards and embed own essential patents 

Country A and its leading firms are likely to pursue standards leader or co-

shaper strategies, while country C and its leading firms will initially focus on 

free rider or fast follower standardization strategies. 

Analysis: Impact on Chinese Firms 

This framework has been used by PRC corporations. Based on their results, 

we can highlight a few illustrative examples of how Chinese firms might be 

affected.  Yet, further econometric research is needed to nail down how the 

cost impacts differ across standardization tasks, capabilities and strategies.  

For free riders, like Shenzhen‘s assemblers of illegal ―Shanzhai‖ handsets, 

ubiquitous globalization has opened up vast new opportunities; as they can 

use ready-made chipsets from specialized chip design companies like 
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Taiwan‘s MediaTek to churn out low-cost smart phone copycats of the iPhone 

and Google‘s Android. While this may enable some of the Shanzhai makers 

to grow, it is still unclear how this will affect China‘s innovation capacity.  

For fast followers, rising complexity is likely to increase licensing fees for 

essential patents charged by the global industry leaders. In fact, Chinese 

producers are caught in a ―patent trap‖: The more they sell, the more they 

pay in licensing fees. According to MoST research, Chinese firms typically 

pay foreign patent holders 20–40 percent of the price for each cell phone 

made in China; 30 percent for each PC; and 20–40 percent for each CNC 

machine tool.41 This results in low domestic value-added.  According to 

Arthur Kroeber, ―…the Chinese value share is generally estimated at 10–15 

percent—and the majority of the value is captured by the Asian 

subcontractors of multinational firms, not by domestic companies.‖ One of 

Kroeber‘s sources estimates that, for a laptop exported from China, the 

Chinese assembler typically does not earn more than 2.5–5.0 percent of the 

average export price. 42  

In addition, membership fees and travel costs are also likely to increase; as 

fast followers now need to participate more often in a greater number of 

consortia and standards development organizations. Costs of litigation are 

also likely to rise; reflecting the rising stakes involved in such legal conflicts.  

But, there may also be significant cost savings due to improvements in 

equipment and procedures (e.g., in testing, conformity assessment and 

certification).   

However, the main challenge for China is that remaining a fast follower is an 

increasingly unattractive option in a world of ubiquitous globalization.  As 

they face rising licensing fees, Chinese companies may well be forced into a 

―very-low-profitability‖ trap. This implies that, sooner rather than later, 

Chinese companies may need to upgrade their capabilities to become co-

shapers of international standards. Chinese companies may be particularly 

vulnerable to the impact of rising complexity at this stage.  

As co-shapers of international standards, Chinese firms need to substantially 

increase and upgrade their participation in both formal standards 
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 MoST data quoted in China Daily, May 15, 2006. 
 
42 Kroeber; 2007.  
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development organizations and informal private standards consortia. 

Entering the closed circles of these organizations is a major challenge for 

Chinese firms, as Chinese engineers are only now beginning to become 

members of the informal social peer group networks of international 

standards experts. One way to overcome this barrier is to recruit foreign 

engineers who are well-respected in the international standards community. 

This is precisely what Huawei, China‘s leading telecom equipment supplier, is 

trying to do. 43  

However, this strategy comes at a substantial cost, not only in terms of the 

high salaries paid to the foreign experts, but also in terms of adjusting 

Huawei‘s management practices.44  Today, Huawei is a member of more 

than 120 international standards organizations; and the company occupies 

148 leadership positions in the most important of these organizations such 

as: the ITU, IETF, 3GPP, the WiMAX Forum, OMA, IEEE, ATIS and ETSI.  In 

addition, Huawei is a board member of: OMA, IEEE, ATIS, IETF and the 

WiMAX Forum. 

To understand what it takes for a Chinese company to establish itself in 

these leadership positions, take Huawei‘s prominent role in the Internet 

Engineering Task Force (IETF), which develops and promotes Internet 

standards in close cooperation with the W3C and the ISO/IEC standards 

bodies. The World Wide Web Consortium (W3C) is the main international 

standards organization for the World Wide Web.  

The International Organization for Standardization (ISO) is an international 

standard-setting body (composed of representatives from various national 

standards organizations) that promulgates worldwide proprietary industrial 

and commercial standards. The International Electro-technical Commission 

(IEC) is a nonprofit,  non-governmental international standards organization 

that prepares and publishes international standards for all electrical, 

electronic and related technologies. 

From a complete outsider position only a few years ago, Huawei now holds 

21 leadership positions in the IETF; occupying two powerful area director 

positions for transport and routing, four chairs and six co-chairs of IETF 
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 For a case study of Huawei’s corporate innovation strategy, see Ernst 2008. 
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working groups and acting as a member of the Internet Architecture Board 

that oversees the technical and engineering development of the Internet.  

Area directors (ADs) are expected to shape the agendas of IETF working 

groups and participate in the Internet Engineering Steering Group (IESG) 

that is responsible for the overall technical of IETF activities and the Internet 

standards process. Note however that these powerful positions are 

somewhat constrained by procedures that ensure that an AD‘s ‗pet project‘ 

prospers.  ―A ‗pet project‘ doesn‘t make it onto the standards track if it will 

have a negative effect on the rest of the IETF protocols and that an AD‘s 'pet 

peeve' cannot indefinitely block something‖ (Hoffman 2009). 

Can China Cope with the Complexity Challenge? 

China‘s capacity to cope with rising complexity faces substantial constraints; 

both from outside and from within its own standards system. External 

constraints are aplenty for China, as for any other developing country. As 

highlighted by Peter Drahos and others, the existing international system for 

intellectual property and standards reflects the interests of a relatively small 

number of companies and business organizations from the United States, 

European Union and Japan. 45  

Latecomers have different needs, institutions, capabilities and business 

models, but their interests are not addressed in the existing system. This 

reflects a serious governance gap in the global knowledge economy (Ernst 

and Hart; 2008). Attempts to adjust the existing rules and procedures are 

costly, conflict-ridden, time-consuming and face resistance from incumbent 

global industry leaders. These are not counting incumbent forces of either 

organizational inertia or momentum. China‘s capacity to cope with rising 

complexity also faces internal constraints that reflect possible limitations of a 

government-centered standardization strategy. As Carl Cargill puts it in his 

pioneering study, Information Technology Standardization, regulatory 

standards ―are ponderous; like a juggernaut. They are hard to start or steer, 

require vast throngs of people to keep them moving and seem to acquire a 

life of their own once they get going—once rolling; they are usually difficult 

to stop‖ (1989). 

As complexity with uncertainty rises, and as the speed of change 

accelerates, attempts to ―pick winners‖ and to promote national champions 

may easily fail or be bypassed.  A top-down, government-centered 

standards system is not conducive to open standards and may constrain 

                                                 
45 See, for example, Drahos and Braithwaite 2002; Yu 2009; Karachalios 2010; and Li and An 2009. 
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flexibility and learning, especially from foreign sources of knowledge.  Add to 

this the negative impact of interagency rivalries discussed earlier in this 

volume. Like other latecomer societies before, China is determined to 

increase the sheer number of patents granted and standards issued. This 

focus on quantitative parameters makes sense; at least initially.  

But, such a strategy is ill-equipped to cope with the new challenges for 

standards and innovation policy that result from the rise in complexity 

through globalization. Quantitative achievements should not come at the 

cost of carefully considering important qualitative parameters; such as the 

importance (essentiality) of certain patents and the factors that shape the 

chances of successful implementation of a standard.  In other words, China 

faces a particularly serious challenge.  As a latecomer, China needs simple 

strategic objectives that are relatively easy to implement. 

This helps to mobilize resources and to create a critical mass of capabilities 

in a very short period of time.  But such simplified objectives do not fit well 

with the rapid change in the international standardization landscape or the 

resultant rise in complexity and uncertainty. China obviously needs to 

rethink some basic assumptions of its innovation and standards policies 

when global corporate networks integrate national production and innovation 

systems across sector and geographic boundaries.  Specifically, how should 

one measure indigenous innovation—a core concept of China‘s innovation 

policy—when the actors and sources of innovation are spatially dispersed 

and few, if any, products are developed in a single territory?  

Another fundamental challenge is to identify the appropriate role for national 

public policies. As globalization becomes ubiquitous, what are inherent 

limitations of such policies?  How should one define the interests of a 

country?  Are interests of the country and of its corporations aligned; or are 

there fundamental conflicts? 46  Is competitiveness through productivity-

enhancing innovation the main objective—an objective that became almost 

an article of faith before the 2008 global economic crisis highlighted its 

limitations? Is the fundamental objective job creation and increasing 

welfare?  

                                                 
46

 See, for example, the testimony of Ralph E. Gomory (a former IBM senior vice president of science and  
      technology and president emeritus of the Alfred P. Sloan Foundation) to the U.S.-China Economic and Security  
      Review Commission, March 24, 2009, in which he argues that the growing divide in the U.S. labor market  
      indicates that “the interests of many of our global corporations and the interests of the nation have diverged.” 
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On a fundamental level, China‘s challenge is to align the often divergent 

interests of multiple stakeholders across different locations with rapid 

changes in technology, business organization, market structure and 

regulations.47
   This implies that China‘s standardization strategy has to cover 

more than standards development (i.e., the development of the underlying 

technology, of negotiated specifications and of supporting infrastructure for 

testing and conformity assessment). Equally important are policies and 

strategies for standards implementation. 

In short, to cope with globalization and rising complexity, adjustments are 

required in Chinese government policies and business strategy.  The key to 

success is to combine a unified strategy with a capacity for flexible 

adaptation and timely correction of unintended side effects of policy 

decisions. Increased flexibility is needed to engage multiple stakeholders in 

the standardization process (both domestic and foreign) and to 

accommodate their often conflicting interests.  China‘s standards system 

needs to move away from a purely government-centered, top-down system 

towards a more decentralized and market-driven approach.  It seems to be 

doing just that as the PRC five-year strategic plans have been updated. 

 

 

 

                                                 
47

 For an excellent analysis, see Garcia et al.; 2005. 
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XIV 

 

 
 

In the United States, there is a widespread belief that a voluntary standards 

system is capable of accomplishing public policy objectives better than any 

other standards system; especially systems that are heavily reliant on the 

government.  Hence, the American standards system should serve as a ―best 

practice model‖; with other countries striving to replicate it.  This chapter 

takes issue with such beliefs and argues that while some partial convergence 

to some aspects of the American system will occur, the Chinese standards 

system will remain distinctively different. 

Objectives 

Earlier research has argued that China‘s standards system still carries the 

legacy of the planned economy.48
   Since the country‘s opening-up to the 

international economy, substantial changes have occurred in China‘s 

standardization strategy, institutions and management practices.  In a very 

short time, China has significantly improved its capacity to develop and 

implement standards and to participate in international standard 

development organizations. According to the EU‘s Standardization Expert in 

China, ―China‘s standardization system has matured considerably. Today, 

China has more standards than Europe; covering more aspects of economic 

operations than any industrialized country‖ (Ziegler 2010). 

Nevertheless, China still has a long way to go to establish a fully developed 

standards system.  A good ‗proxy‘ indicator is that China has not yet 

published a new and revised version of its standardization law that was 

promulgated in 1988 during the initial phase of the country‘s opening-up. 

The existing law fails to address the very different standardization 

requirements resulting from the fundamental transformations that have 

occurred since then in China‘s economy.  It simply does not provide the legal 

tools and regulations that would enable China to better cope with the 

challenge of rising complexity. 
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 See, for instance, Suttmeier et al., 2006. 



20-20 Hindsight 
 

 331 

 

Under the planned economy, the central government exercised overall 

control.  Each of the industrial ministries (e.g., the Ministry of Machinery 

Industry) was responsible for standardization within the large state-owned 

enterprises under its jurisdiction.  National and ministerial standards were 

compulsory and were enforced by the government. That system came under 

pressure once Deng Xiaoping‘s economic reforms gathered momentum; 

culminating in China‘s application to enter the World trade Organization 

(WTO).  From China‘s perspective, its entry into the WTO in 2003 was a 

wake-up call and has pushed the international dimension of standardization 

right into the center of policy debates.  

This was somewhat unexpected. China‘s government had focused its 

attention on the benefits its economy would enjoy (since WTO membership 

would make it much easier for its products to penetrate international 

markets) but it didn‘t take long for Chinese exporters to encounter problems 

with high licensing fees for essential patents included in standards for DVDs 

and mobile handset and telecommunications equipment.  

According to a recent authoritative study of China‘s standardization strategy 

commissioned for the China standards project, China had considered 

technical standards a means to facilitate world trade, but it turned out that 

the first barrier it encountered when its products entered the international 

market was technical regulations and standards. The competitiveness of 

China‘s enterprises met with severe challenges and the Chinese government 

had to reconsider the significance and role of technical standards.49  

In anticipation of the resulting new challenges, The Ministry of Science and 

Technology (MoST) allocated RMB 200 million to promote two major studies: 

MoST‘s 2002 Study on the Strategy of Technical Standards Development 

was followed in 2006 by SAC‘s Outline of the Eleventh Five-Year 

Development Plan for Standardization. These studies, with an intense 

dialogue among diverse standardization stakeholders from research 

institutes, industries and government agencies have resulted in serious 

efforts to develop a unified strategy with an explicit focus on the following 

priorities: 
                                                 
49

 Wang et al.; 2010:. Wang Ping is executive vice governor, Science and Technology Committee, China National  
      Institute for Standardization (CNIS). Wang Yiyi is vice director, Sub-Institute of Standardization Theory and     
      Strategy, CNIS. John Hill is a former senior standardization manager at Sun Microsystems and vice chair of the  
      International Cooperation for Education About Standardization (ICES). 
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1. Fostering economic development remains critical; with the result that the state will 
continue to play an important role as a promoter and coordinator of an integrated 
standards and innovation policy. 
 
2. Standardization should help to reduce the cost of licensing essential patents for both 
Chinese manufacturers and consumers. Access of foreign companies to Chinese 
standards development organizations should create a quid-pro-quo: Foreign companies 
can participate in technical committees in exchange for technical contributions including 
disclosure of essential patents and acceptance of fair, reasonable and non-discriminatory 
(FRAND) licensing conditions. 
 

3. A defining characteristic of China’s standardization strategy is to use standardization as 
a platform for indigenous innovation. 
 
4. “Enterprises” are encouraged to be the “main players in formulating standards” (Wang 
et al.; 2010).  This leaves open the question of what role, if any, foreign enterprises are 
supposed to play.  An important objective, however, is to use homegrown standards to 
develop innovative “national leaders” and to protect domestic industry. 
 
5. Standardization should focus on priority sectors and should reflect sector-specific 
requirements.  Note, however, that the list of the “eight key areas for standardization” is 
quite comprehensive and covers most sectors of the Chinese economy. This 
comprehensiveness indicates the daunting challenge faced by China’s standardization 
strategy; as it still lacks a highly diversified production and innovation system. 
 

 
6. Effective standardization requires a complementary set of certification and conformity 
assessment regulations such as: the China National Certification and Accreditation 
Administration’s Compulsory Certification (CCC) scheme, the Ministry of Industry and 
Information Technology’s (MIIT) Network Access License (NAL) and the Network Access 
Identifier (NAI) regulations for telecommunications. These conformity assessment 
regulations are essential for controlling access to the Chinese market. 
 
7. Standardization should take a decentralized approach in order to reduce the urban–rural 
gap and to encourage dispersed local industrial development. 
 
8. As a latecomer to standardization, China should pursue a dual-track strategy that 
combines the adoption of international standards with the insertion of indigenous 
innovations into domestic and international standards. 
 
9. The role of the voluntary standards should substantially increase, “where the need for 
standards comes from the market, enterprises are the main drafters of standards, and the 
implementation of standards relies on the market mechanism” (Wang et al.; 2010). 
 
10. Outward Chinese foreign direct investment should be facilitated through the promotion 
of Chinese standards practices and processes in overseas markets. 
 
11. Finally, China’s role in international and regional standards development organizations 
and consortia should substantially increase; enabling Chinese enterprises and research 
institutes to move from being standards takers to become standards co-shapers and 
ultimately to standards setters in some areas.  In principle, a unified strategy has 
important advantages. It facilitates the quick mobilization of resources for massive 
investments in standardization infrastructure. If the objectives are clear and uncontested, 
this facilitates rapid learning.  In addition, a unified strategy makes it easier to create 
nation-wide markets based on a single mandated standard. 
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However, given the short period of time that China has had to develop its 

standardization strategy, an effective implementation of that strategy still 

faces substantial challenges. Witness the plea for patience by Wang Ping 

from CNIS: ―I hope that our foreign colleagues understand that to bring 

about such far-reaching changes requires some time, especially in a country 

as large and diverse as China‖ (Wang 2010). In addition, China‘s 

standardization strategy keeps evolving in order to cope with the challenge 

of globalization and rising complexity that this study describes.  

Over the last few years, new objectives have been added.  This includes, for 

example, the strengthening of safety standards in occupational health, 

mining, traffic, fire protection, food and consumer products.  Greater priority 

is also now given to standards and certification measures to improve public 

and national security; including the control of cyberspace and media 

content. Most important, arguably, are current efforts to develop robust 

standards and certification measures for environmental protection, China‘s 

―smart grid,‖ reduced energy consumption and alternative energies. 

Implementing this increasingly demanding standardization strategy will not 

be easy. There is a broad consensus in China that fundamental reforms are 

needed in the institutional set-up of the Chinese standards system; including 

the development of robust yet flexible policy tools and regulations.  

According to Wang et al. (2010), the development of standardization in 

China should break through the restriction of the traditional system where 

the government is the only main body to organize and preside over 

standardization activities.  On the one hand China should make enterprises 

the main players in standardization while, on the other hand, China should 

give full play to the industrial consortia and alliances through institutional 

and managerial innovation. 

But reforming China‘s standards system does not ―naturally‖ imply 

convergence to U.S.-style standardization. In the transition to a more 

market-driven standards system, the government will continue to play an 

important role as a promoter, enabler and coordinator of an integrated 

standards and innovation policy.  In other words, an incremental approach 

to reform is suggested rather than the ―shock therapy‖ of a quick and full-

blown convergence to the American voluntary standards system.  According 

to Wang et al. (2010), this implies that ―…voluntary national standards 

should still be managed and coordinated by the SAC in a centralized way and 

the main bodies for formulating these standards should be extended to all 
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stakeholders by improving the system of standardization technical 

committees. Association standards should be conceived and developed in the 

market economy to become a supplement in the existing system of national 

standards and an important element in activating market activities‖. 

The Catalytic Effect of the Medium- and Long-Term Plans 

for Science and Technology Development 50  

It is worth emphasizing the catalytic effect that the Medium- and Long-Term 

Plan for Science and Technology Development (MLP) had on China‘s 

standardization strategy.  Of particular importance is that the plan and its 

related supporting policy documents (especially the 11th Five-Year Plan for 

Standardization Development, issued in 2006 by SAC) lay out in quite some 

detail the key principles that government agencies should follow when 

implementing indigenous innovation. 

A brief discussion of the strengths and weaknesses of MLP serves to 

highlight the challenge ahead for China‘s standardization strategy. The plan 

calls for utilizing science and technology to support and lead future economic 

growth; especially in areas such as energy, water and resource utilization, 

environmental protection and public health.  It also calls for ―leapfrogging‖ 

to research frontiers in key scientific disciplines such as biotechnology and 

nanotechnology. 

The plan‘s defining characteristic is a focus on ―indigenous innovation‖ to 

redress China‘s weak record of innovation in commercial technologies (i.e. 

weak firm-level innovative capabilities). Strong domestic innovative 

capabilities are considered critical to upgrading China‘s development model. 

The challenge, in the words of Premier Wen Jiabao, is to overcome ―an 

irrational economic structure, the over-production of low-quality goods, low 

rates of returns and increasingly severe constraints resulting from energy 

(and other) resource scarcity and severe environmental degradation.‖51  

China‘s efforts to strengthen its innovation capacity are part of a global 

―innovation arms race‖ in which no country dares to fall behind the others in 

either the creation or use of new products and processes (Baumol 2004). 

                                                 
50

 Schwaag Serger and Breidne 2007; Cao et al. 2006; Stevenson-Yang and DeWoskin 2005; Gu and Lundvall 2006;  
      and OECD 2008. 
 
51

 Wen Jiabao, “Speech at the National Science and Technology Conference,” Beijing, January 9, 2006, quoted in  
      Cao et al. ; 2006. 
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Hence, China‘s innovation policy should not come as a surprise. It is part 

and parcel of intensified global competition; China having no choice but to 

participate in this race.  China needs innovation to upgrade its economy so 

that it can raise wages and living standards.  China also needs innovation to 

improve its international competitiveness or to catch up with incumbent 

global industry leaders.  One should also remember that innovation policy 

nearly everywhere ―has been tarred with a protectionist brush.‖ 52
  Again, 

China is no exception.  But the implementation of these policies is still 

shaped by China‘s legacy of the planned economy.  

An additional constraining factor is that China, as a latecomer to the global 

innovation race, still has a long way to go to catch up with the incumbent 

global leaders. There is no doubt that the MLP contains techno-nationalist 

notions of self-reliance (enabled by a circular economy). This reflects the 

initial objective of Chinese policymakers to reduce China‘s dependence on 

foreign companies‘ intellectual property and the resultant high patent 

licensing fees.  For instance, the MLP states that by 2020, China should 

reduce its dependence on technology from other countries to 30 percent or 

less (down from 50 percent today; as measured by the spending on 

technology imports as a share of the sum of domestic R&D funding plus 

technology imports).  

Some parts of the MLP express a concern that reliance on other countries—

especially the United States and Japan—could be a threat to Chinese 

national and economic security. The MLP calls for China not to purchase any 

―core technologies in key fields that affect the lifeblood of the national 

economy and national security,‖ such as next-generation Internet 

technologies; high-end, numerically controlled machine tools and high-

resolution earth observation systems.  

For semiconductors, China‘s MIIT has stated that ―We will significantly 

increase the self-sufficiency ratio to over 70 percent for integrated circuits 

used for information and national defense security and to over 30 percent 

for integrated circuits used in communications and digital household 

appliances….We should basically achieve self-sufficiency in the supply of key 

products‖.53 As the semiconductor industry is one of the most globalized 
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 Ahrens 2010; Nelson and Ostry 1995; or Ernst and O’Connor 1992. 

 
53 Ministry of Information Industry, August 29, 2006. 
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(Ernst; 2005), it is difficult to see how such an ambitious target would ever 

be realized.  The 16 mega-projects of the MLP provide other examples of 

arguably somewhat exaggerated targets for technological independence.  

For instance, China‘s Next Generation Wireless Broadband mega-project is 

called the ―1225 strategy‖ as it seeks to capture 10 percent of global 

patents, 25 percent of the telecom semiconductor market, 20 percent of the 

global broadband hardware market and 50 percent of the domestic market. 

But the plan also states that sustained economic growth requires 

establishing a proper balance between domestic innovation and the use of 

imported technology. In fact, the MLP uses a broad definition of ―indigenous 

innovation‖ that highlights three inter-related objectives: 

a. Produce original innovations (i.e. new products and services); 
 

b. Develop “integrated innovation,” defined as a process in which diverse 
technological innovations are integrated, culminating in the creation of 
a new product; and 

 
c. Foster “re-innovation,” defined as new products that are created on 

the basis of acquiring and absorbing imported technologies. 
 

Translated into the language of innovation theory, these are, in fact, quite 

well-established notions. ―Originality‖ is necessary for patenting everywhere, 

and ―integrated innovation‖ comes very close to the concept of ―technology 

diversification.‖54
  The focus is on recombining mostly known components 

(which can be easily acquired) to create a new product architecture. Finally, 

―re-innovation‖ is little different from the concept of ―incremental innovation‖ 

that takes both the dominant component design and architecture for 

granted, but improves on cost, time to market and performance.  

Building on imported technologies, ―incremental innovation‖ seeks to exploit 

as much as possible the potential of a given ―design,‖ by introducing 

relatively minor changes to an existing product or process (Nelson and 

Winter; 1982). These innovations do not require substantial inputs from 

science, but they do require considerable skill and ingenuity, as well as 

strong entrepreneurial and management capabilities. 

In short, the MLP signals the commitment of China‘s leaders to acquire the 

knowledge and to develop the capabilities necessary to solve or ameliorate 

the problems of its ―global factory‖ development model before they become 
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overwhelming.  The question, of course, is to what degree an effective 

implementation of the MLP will help to achieve these objectives.  Effective 

implementation has two dimensions; a domestic and an international one. 

China‘s leading role in international trade and its deep integration into global 

networks of production and innovation indicates how important the 

international dimension is. Unfortunately, China‘s Science and Technology 

Plan has become a highly controversial issue in international economic 

diplomacy.  Foreign observers are concerned about the impact of the MLP on 

international trade and access to the China market.  According to the 

European Standardization Expert for China, not the basic policy is 

controversial but the impact on trade and market access.  We would wish 

that China was more sensitive regarding this link and chooses to: 

a)  Better communicate its policies,  
b)  Better coordinate between ministries,  
c)  Allow foreign companies and governments to provide feedback, and  
d)  Carefully measure the impact on trade 

 

The litmus test for the MLP is whether domestic institutions and support 

policies have been developed that facilitate effective implementation. The 

plan attempts to introduce gradual improvements, but it does not initiate a 

radical departure from earlier strategies. For instance, an extensive dialogue 

among China‘s social elite has been used to temper the still prevalent top-

down approach that believes that innovation can be ―decreed‖ or steered by 

government. But the private sector and consumers still have little influence 

in this dialogue.  In fact, China‘s bureaucracy remains in charge.  

While the MLP claims that the business sector should become the driving 

force of R&D and innovation, ―this fifteen-year plan is still a product by and 

for civil servants‖ (Schwaag and Breidne; 2007). The plan fails to enable 

private entrepreneurs to be the ―implementing actor.‖  The plan continues to 

focus on supply-side policies for research and education, but neglects to link 

those to markets and demand patterns of customers.  The plan also displays 

a persistent ―high-tech bias‖ and neglects the development of 

complementary ―soft‖ entrepreneurial and management capabilities.55   

Most importantly, the plan neglects the development of institutions that 

foster firm-level innovation and reduce innovation barriers.  In fact, there is 

little detail on what changes in institutions and policies are necessary to 

address root causes of China‘s weak social capital, such as an educational 

                                                 
55 For a conceptual framework of innovative capabilities, see Ernst 2009. 
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and organizational culture that discourages dissent and individualism, while 

at the same time intense ―winner-takes-all‖ competition obstructs trust as a 

base for collaboration.  Woolcock (1998) defines ―social capital‖ as the 

willingness and likelihood to share knowledge and information, based on 

shared values, norms and trust. In short, China‘s 15-year Plan for Science 

and Technology has been an important catalyst for many considerable 

improvements in China‘s innovation system, but it leaves untouched major 

weaknesses.  Hence, there is ample scope for improving China‘s policies so 

that it can develop its own domestic innovation capacity, while at the same 

time reaping the benefits of international linkages. For China‘s innovation 

strategy to succeed, maintaining open markets and international linkages is 

of critical importance. This is in line with earlier research on the challenge of 

globalization for innovation policy in developing countries.  

As globalization poses new opportunities and challenges that local firms are 

ill-equipped to address on their own, PRC public policy must continue to 

cajole and assist these firms by signaling opportunities, reducing risks and 

engaging in R&D.  The key to success is to catalyze, not replace, the private 

sector while monitoring and holding firms accountable for their use of 

incentives or subsidies.  Once the initial ‗catching-up‘ phase is over, equal 

treatment should be provided to domestic and foreign firms; subject 

however to one important exception: the promotion of risk-taking and 

innovative smaller companies (Ernst 2002). 

Taiwan, Singapore and Malaysia in Asia (as well as the Nordic countries and 

the Netherlands in Europe) provide excellent examples of successful policies 

to encourage domestic innovation while still keeping markets open. A study 

of these examples also demonstrates different approaches are possible to 

innovation policy in an open economy.  Nevertheless, there is reason for 

cautious optimism. The MLP indicates a strong willingness to change and to 

move away from a science and technology policy focusing primarily on 

creating world-class/high-tech labs and scientists toward an innovation 

policy seeking to create an environment conducive to translating knowledge 

and ideas into economic and social gains (Schwaag & Breidne; 2007).  It is 

this gradual shift towards a more demand-oriented innovation system that 

will act as a strong catalyst for upgrading China‘s standards system. 

Diversity of Stakeholders and Fragmentation 

Chinese policymakers are still searching through trial-and-error for ways to 

protect China‘s interests while minimizing possible negative effects on its 



20-20 Hindsight 
 

 339 

integration into the global economy.  In fact, standardization in China today 

is a hybrid system. The government remains in charge as the main driver 

and final arbiter of China‘s standardization strategy. Yet, the diversity of 

stakeholders has increased. According to Wang et al. (2010), ―the real 

standardization strategy is the comprehensive result of implementing all the 

standardization strategies by different government agencies and local 

governments.‖ This has resulted in a fair amount of diversity in the definition 

of the strategic goals and their implementation. However, this diversity of 

approaches is overwhelmingly restricted to central and local government 

agencies.  Industry and especially private firms and final users continue to 

play a limited role.  China‘s government documents on standardization all 

emphasize ―openness, transparency and impartiality.‖  But as China has no 

tradition of an independent ―civil society,‖ standards-making bodies, industry 

associations, research institutes and consumer organizations remain 

dependent on the government.  

The concept of ―civil society‖ refers to institutional forms of un-coerced 

collective action that include, for instance, tax-exempt public charities, 

foundations, development nongovernmental organizations, community or 

grassroots organizations, women‘s organizations, faith-based organizations, 

professional associations, trade unions, self-help groups, social movements, 

business associations, coalitions and advocacy groups. 

Instead, local governments act as pace setters for a more decentralized 

approach; establishing local standards as a constituent building block of the 

Chinese standards system.  Pioneered by the Shenzhen government in 2007, 

the governments of Shanghai, Beijing, Jiangsu, Zhejiang, Shandong, Henan 

and Shaanxi have all issued their own local standardization strategies.56 On 

the positive side, these local strategies are presumably better customized to 

the specific requirements and capabilities of the industrial sectors in their 

respective localities, to the regions‘ level of economic development and the 

needs of their citizens.  
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 See, for instance, Outline of the Standardization Development Strategy of Shanghai , April 2007,  

    上海市标准化发展战略纲要, available at  
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The potential advantages of decentralized self-government are well-

established in theories of innovation and organization.  Decentralized and 

flexible institutions, developed by participants who are ―…intimately 

knowledgeable about details of their activities, are likely to be more 

workable than blueprints developed by policy analysts and imposed by 

politicians and bureaucrats‖ (Axelrod and Cohen, 1999). Elinor Ostrom, the 

2009 Nobel laureate in economics, argues that ―It is difficult for a central 

authority to have sufficient time-and-place information to estimate 

accurately both the carrying capacity of a  public good, like standard and the 

appropriate incentives and fines to induce cooperative behavior‖ (Ostrom 

1990). 

There is, however, a negative side to Chinese-style diversity. In fact, China‘s 

standards system is overly complex and displays signs of fragmentation. 

Ambiguity is a fundamental source of such fragmentation. Key concepts are 

loosely defined and often differ from the definition of these concepts in other 

countries.  Even China‘s definition of ―standards‖ deviates from the definition 

used in the United States and the European Union, which focuses on 

voluntary consensus standards.57 

For instance, China‘s Mandatory National Standard Management (Trial): 

Exposure Draft, issued by the SAC for public comments on May 15, 2010, 

seeks to establish Compulsory National Standards firmly as ―a separate set 

of technical regulations, situated below administrative provisions, but well 

above the soft regulations defined by voluntary standards. There are 

concerns that the total lack of options to achieve compliance with these 

regulations could signal that the pendulum is swinging back to increasing 

inflexibility.‖  

Similar concerns are provoked by constraints established in this Exposure 

Draft to the adoption of international standards that contain intellectual 

property rights.  There is also typically a lack of clarity about the boundaries 
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and the division of labor between competing national, industry, ministry and 

provincial standards. Table 3 highlights the fragmented nature of the 

Chinese standards system. Equally important sources of fragmentation are 

inter-agency rivalries and turf battles among different ministries and their 

respective stakeholders.  

China‘s standards system consists of two institutional clusters: the AQSIQ 

Standardization Family and the MIIT Standardization Family.  Even for 

Chinese standards experts, it is sometimes difficult to understand the precise 

division of labor between the two Inter-agency rivalries reflect the conflicting 

interests of major Chinese stakeholders in innovation and standardization. 

Table 3: The Fragmented Chinese Standards System 
Sources: Wang Ping of CNIS; and Ziegler (2009) 

 

I. National Compulsory Standards 

• 3,000–4,000 

• Part of technical regulations related to safety, security, occupational health, environmental 

   protection, consumer protection, etc. 

• These compulsory standards must pass China’s Compulsory Certification scheme; 

    the most important market access scheme for China. 

• Compiled by CNIS and 70+ associations and research organizations 

• SAC in charge to ensure compatibility with ISO and IEC standards, while MIIT 

    in charge to ensure compatibility with ITU standards 

• China is obliged to provide TBT notification to WTO 

 

II. National Voluntary 

• Around 25,000 standards; owned by SAC 

• Covers all areas of standardization including: products, processes and services 

   (except military standardization) 

• Sometimes used in combination with compulsory testing requirements to control market access 

• Compiled by CNIS and 70+ associations and research organizations 

• SAC in charge for harmonization with international standards 

 

III. Sector/Industry/Ministerial 

• For market participants (especially in the ICT industry); these standards are as 

   important as the National Standards. 

• Estimates range from 40,000 to 100,000 standards.  Probably only 20 percent are actively used 

• Owned by ministries (e.g., MIIT, SARFT, MoH, MoR, MoF, MoST, MPS…) 

• Compiled by dedicated ministerial units, industry associations, research institutes and testing bodies 

• About 15 percent of these standards are compulsory; often in ministry-based market access regulations 

• Harmonization with international standards depending on the ministry 

    (In general, no procedures are in place) 

 

IV. Association 

• Similar to sector/industry standards 

• Only a few hundred 
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V. Provincial 

• Around 20,000 standards 

• 20 to 30 percent of these standards are compulsory 

• Owned by local governments 

• Developed by local organizations of the Administration for Import and Export Control (AQSIQ) 

 

Three main stakeholders are seeking to impose somewhat conflicting 

objectives on China‘s standardization strategy and, more broadly, on the 

country‘s innovation policy. First, China‘s export industry is a strong 

supporter of attempts to close gaps with international standards and to 

comply with WTO commitments. This position reflects China‘s deep 

integration into global corporate networks of production and innovation. A 

good proxy indicator for China‘s integration into global production networks 

is that foreign-invested enterprises dominate China‘s manufactured exports. 

They account for 58 percent of China‘s total exports and 88 percent of its 

high-technology exports (Ernst 2008).  

As for integration into global innovation networks, China is the third most-

important offshore location for the top-300 R&D spending multinationals; 

after the United States and the United Kingdom.  Today, China is the largest 

―net importer‖ of R&D and foreign investment enterprises account for USD 

$24.7 billion -- about one-quarter of China‘s 2007 R&D spending.    

Support for greater compliance with international standards also comes from 

leading Chinese ICT firms that have accumulated a critical mass of 

intellectual property rights, like Huawei in telecom equipment.  With 42,623 

PCT applications (most of them submitted over the last few years), Huawei 

is now number two on the World Intellectual Property Organization‘s list of 

Patent Cooperation Treaty applications. 

In addition, Huawei has accumulated a broad portfolio of essential patents in 

important technologies (IPv6 and beyond; next generation mobile 

communications; and convergence of fixed and mobile networks) (Ernst 

2011).  As we will see, these firms are now playing a more active role in 

technical committees and on executive boards of international standards-

setting organizations and consortia. 

Second, strong support for using standards as a tool to reduce technological 

dependence and to develop China‘s indigenous innovation capabilities can be 

found in research labs, parts of the domestic high-tech industry with limited 

export exposure, in the military, the CCP and large parts of the general 
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public. This coalition of domestic stakeholders is supporting, for instance, 

policies on patent licensing for standards that seek to reduce licensing fees 

to foreign patent holders; as embodied initially in the Draft Rules on Patents 

Included in Standards, issued by the SAC in November 2009. 

Third, China‘s security and military establishment and top leadership 

echelons view information security and certification regulations as an 

integral part of China‘s ongoing modernization. Recent policy initiatives, 

especially China‘s National Information Assurance Policy Framework Multi-

Level Protection Scheme (MLPS), issued by the Ministry of Public Security in 

June 2007 and CNCA‘s Information Security Testing and Certification 

Regulations, are driven by fears that China‘s critical information networks 

provide an easy ―target of attack, sabotage, and terrorism by hostile forces 

and elements.‖58
   A strategic assumption is that control over standards and 

a strong Chinese information security industry are necessary to protect 

China.  

It is difficult for outsiders to assess which of these three stakeholder 

coalitions has the most leverage in shaping decisions on China‘s 

standardization strategy.  For example, arguments for a growing role of 

security considerations are presented in Policy Issues Arising in China‘s 

Development of State-Sponsored Domestic Standards for Trusted 

Computing, June 2009; a study prepared for the Trusted Computing Group 

by Dewey & LeBoeuf LLP. 

There are, however, indications that the balance of power between these 

three stakeholder coalitions is somewhat in flux. This raises an important 

question for future research: To what degree does China‘s deep integration 

in international trade and global corporate networks of production and 

innovation induce China‘s government to move towards greater pragmatism 

in its innovation policy and standardization strategy? 

A Big Unknown: Information Security Standards and Certification 

Unless indicated otherwise, this section draws on interviews with Chinese 

and China-based foreign industry experts who have requested anonymity. 

Debates in China on information security issues are generally concealed and, 

frequently, Chinese experts are reluctant to discuss these issues. The same, 

unfortunately, has also been true for informed foreign organizations that 

                                                 
58 Vice Minister Lou Qingjian, Ministry of Information Industry, BOAO Forum 2006, at    
      http://www.boaoforum.org/AC2006/yjgE.asp. 

http://www.boaoforum.org/AC2006/yjgE.asp
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follow Chinese discussions on information security standards and 

certification. Chinese military journals are addressing some of the underlying 

strategic debates, but the limited resources available for this project have 

not allowed a systematic review of these sources.  

In addition, some of China‘s key military journals are restricted. For 

instance, China‘s Academy of Military Science (AMS) has its own publishing 

house (Junshi kexue chubanshe) and publishes an estimated 50 books a 

year. Its open source journal is Zhongguo junshi kexue (China Military 

Science), published by the AMS editorial board. However, its most important 

journals, like World Military Trends and Military Thought, are restricted. 

Objectives and Rationale 

China‘s policy on information security standards and certification seeks to 

protect China-based information systems against perceived threats to 

national and public security.  Economic objectives are important, but they 

are secondary to national security concerns. The underlying strategic 

rationale provides an example of Susan Shirk‘s (2007) description of China 

as a ―fragile superpower.‖   

There is a widespread concern among China‘s leadership, especially in the 

military and the Ministry of Public Security (MPS), that China is exposed to 

―nontraditional and asymmetric threats to national security.‖ Information 

technology is viewed as a double-edged sword. China‘s resurgence both as 

an economic and military power challenges incumbent global and regional 

leaders.  It is believed that Western IT systems use product backdoors, 

system loopholes or Trojan horses to steal China‘s national secrets and to 

slow down China‘s rise as a global economic power.  

A backdoor is a secret or undocumented means of getting into a computer 

system. Many programs have backdoors placed by the programmer to allow 

them to gain access to troubleshoot or change the program. Some 

backdoors are placed by hackers once they gain access to allow themselves 

an easier way in next time or in case their original entrance is discovered.   

A loophole is a weakness or exception that allows a system, such as a law or 

security, to be circumvented or otherwise avoided. Loopholes are searched 

for and used strategically in a variety of circumstances, including taxes, 

elections, politics, the criminal justice system or in breaches of security.  

The Trojan horse, in the context of computing and software, describes a 

class of computer threats (malware) that appears to perform a desirable 
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function but in fact performs undisclosed malicious functions that allow 

unauthorized access to the host machine, giving them the ability to save 

their files on the user‘s computer or even watch the user‘s screen and 

control the computer. Trojan viruses can be easily and unwillingly 

downloaded. 

There are also fears that persistent leadership in IT provides ample 

opportunities for ―Western powers‖ to use export controls, control over 

technical standards and high licensing fees to stifle China‘s development and 

force reliance on Western technology.  As a latecomer to the global race in 

information and communications technology, China has weaker (but 

burgeoning) capabilities in information system management and there is a 

general lack of knowledge and institutions that are capable of protecting 

China‘s critical information systems. 

To counter these threats, the China State Informatization Leaders Group 

(SILG), a high-level Chinese leadership body, developed in 2003 China‘s 

five-year National Cyber Security Strategy (SILG Document 27) to address 

threats to information systems and networks through an indigenous national 

assurance system under firm domestic control.   

Apparently this confidential document contains a comprehensive strategy; 

with its priorities reaching just about every aspect of information security 

technology.  Recent PRC policy initiatives (especially the MLPS and CNCA‘s 

Information Security Testing and Certification Regulations, issued in August 

2007) are driven by three objectives that are unlikely to change in the 

foreseeable future:  

(i) A modernization of security and safety infrastructure, that is, making Chinese infrastructure 
more robust against any type of security threat (which is in line with established practice in 
other countries);  
 

(ii) Fostering domestic innovative capabilities, specifically for information security software; and 
 

(iii) Developing a domestic industry for such products (Ziegler 2009) 

 

A key assumption underlying these policies is that full (or at least very 

substantial) control over information security standards and certification is 

necessary to improve national and public security.  A related assumption is 

that China needs a well-developed domestic information security industry 

not only to strengthen information security but also to foster indigenous 

innovation capacity. 



20-20 Hindsight 
 

 346 

Extensive Regulation: The MLPS 

The MLPS is one of the top priorities of China‘s cyber security strategy. Its 

main objective is to protect ―national security, economic sustainability and 

social order.‖ ―National security‖ is broadly defined to include ―national 

competitiveness and the strength of the economy, science, and technology.‖ 

―Social order‖ includes the ―stability of any type of economic activity‖ as well 

as ―the research, development, and production of any industry.‖  

These definitions are vague and leave wide room for the Ministry of Public 

Security (the lead agency) and other government agencies to make non-

transparent decisions as to what level of protection an information system 

requires. At the same time, there is a complementary industrial and 

technology policy agenda.  Policy instruments like the MLPS are meant to be 

used to foster domestic innovative capabilities in information security 

management and to develop a Chinese information security industry.  

A defining characteristic of the MLPS is the extensive scope of regulation. 

China has extended this regulatory framework well beyond sensitive military 

and government agencies to cover all non-government end-users.  Strategic 

information systems include those that handle state affairs (party and 

government), finance, banking, tax administration, customs, audit 

administration, industry and commerce, social services, energy, 

transportation, national defense industry and other information systems that 

are related to the national economy and people‘s livelihood including: 

education, state science-technology institutions, public telecommunications, 

television broadcasting and other basic information networks. 

Under the MLPS and its Implementing Measures, the core intellectual 

property of all products, systems, and information security management 

technologies used in ―critical infrastructure‖ such as banks, ports and utilities 

must be Chinese.  Another unique characteristic of the MLPS is that it seeks 

to micromanage corporate information networks. MLPS imposes very strict 

multi-level security requirements and dictates how an organization 

structures and implements information security management.  Critics argue 

that such stringent requirements will have disruptive effects on the 

management and coordination of the global corporate networks that 

integrate China with the production and innovation systems of other 

countries.  
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In addition, the excessive complexity of the MLPS requirements is likely to 

drastically increase the cost of network coordination. Ernst (2005) 

demonstrated that, even without such information security regulations, the 

cost of coordinating global corporate networks of production and innovation 

are already high and that they keep rising. MLPS distinguishes five levels of 

information systems. Most PRC industries are classified as Level 3 and above 

systems (Ernst and Martin; 2010). The same is true for critical IT 

infrastructure in public research institutes. For example, the IT backbone 

network of the Chinese Academy of Social Sciences apparently is also 

classified as Level 3 infrastructure.  According to the MLPS Administrative 

Measures, information security products that are graded at Level 3 or above 

must meet the very demanding security requirements of the U.S. 

Department of Defense TCSEC or ―Orange Book‖ standard. Trusted 

Computer System Evaluation Criteria (TCSEC), frequently referred to as the 

―Orange Book,‖ is a U.S. Department of Defense standard that sets basic 

requirements for assessing the effectiveness of computer security controls 

built into a computer system.  

The TCSEC was used by China to evaluate, classify and select computer 

systems being considered for the processing, storage and retrieval of 

sensitive or information.  Initially issued by the U.S. National Computer 

Security Center, an arm of the National Security Agency, in 1983 and then 

updated in 1985, TCSEC was replaced with the development of the Common 

Criteria international standard originally published in 2005. 

The PRC administrative measures also provide that products containing 

encryption technology must be approved by the Office of Security 

Commercial Code Administration (OSCCA); and no imported products with 

encryption functionality can be used without approval.59 China-based 

organizations that are classified as Level 3 and above systems must seek 

compliance with an extensive array of demanding technical standards and 

guidelines ranging from physical to technical security.  In many cases, this 

requires significant changes in current info-infrastructure and info-systems. 

The new system must be certified by an authorized certification body. In 

addition, all systems above Level 3 are directly managed by government 

regulatory authorities. The enforcement of encryption requirements is 

among the most problematic aspects of the MLPS. The Shanghai 

                                                 
59 Ministry of Public Security, Notice on Grading Work of National Important Information System Security Multi- 
      Level Protection, Gong Xin An [2007] No. 861. 
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Environmental Monitoring Center (SEMC) is one of the few organizations in 

China that is accredited with the China National Accreditation Committee for 

Laboratories. As the agency in charge of enforcing encryption requirements, 

SEMC: 

• Uses manuals that are not publicly available; 

• Can carry out unannounced cryptographic inspections on any system level; 

• Has the full right to exercise complete control over any cryptographic technology used in MLPS systems; 

• Can access key management and other cryptographic protocols; 

• Has complete authority to subject violators of cryptographic regulations to administrative punishment; and 
 

• Requires, through OSCCA (SEMC’s commercial encryption office) that a significant portion of cryptographic   
  source code must be handed over. 

 

Potential Trade-Distorting Impacts 

There are concerns in the international business community that China‘s 

policy on information security standards and certification has an implicit 

industrial and technology policy agenda. Critics claim that the requirements 

detailed above constitute an aggressive attempt to develop a local Chinese 

information security industry. Foreign observers emphasize that the MLPS 

may have significant negative effects on China‘s international 

competitiveness.  

The combination of these requirements may significantly restrict the use of 

foreign information security products in systems classified at Level 3 or 

higher under the MLPS.  It does not strain the imagination to think that were 

this system of requiring that only Chinese products with Chinese intellectual 

property be used for education, banking, insurance, etc., not only would the 

interests of China‘s trading partners be severely compromised but China‘s 

also economic development would be smothered (Wolff 2010). 

Some global observers emphasize that it is still too early to judge whether 

the trade-distorting impact of the MLPS is the result of a deliberate 

mercantilist strategy, or whether it reflects a combination of weak 

implementation capacity and inter-agency rivalries. One expert, for example, 

argued that the MLPS ―Will have a major impact on trade and is the 

potentially most damaging document for foreign companies. MPLS is rooted 

in Chinese safety and security needs and as such certainly a viable policy. 

However, there is a serious lack of coordination between Chinese security 

policies and Chinese trade policies which has the potential to create a major 

trade dispute‖.  This shows how important it is to move beyond brief 

overviews that fail to capture the subtleties and nuances of the complex 

process of policy-making.  



20-20 Hindsight 
 

 349 

For research to provide sound policy advice, it is necessary to study in depth 

the motivations of different Chinese stakeholders in innovation and 

standardization. Such an analysis will show that, from the perspective of 

Chinese policymakers, the MLPS and related policies are a somewhat belated 

attempt to correct earlier mistakes of excessive open-door policies.  In this 

view, it has been a mistake to hand, in effect, the (especially higher-end) 

information security market to global industry leaders.  MLPS is an attempt 

to counter this trend by requiring that Chinese critical information 

infrastructure should buy Chinese information security products. Key 

requirements of MLPS include the following: 

1) The information security products must be developed and manufactured by 
companies  that are “invested or owned by Chinese citizens or legal persons or the 
state ....” 
 

2) The core technology and key components of those information security products 
must have “indigenous” intellectual property rights.  Depending on how this 
requirement is implemented, this could prevent the usage of foreign information 
security products for systems classified at Level 3 and above.   In other words, 
incumbent global market leaders in the information security market could face 
significant entry barriers to the China market for critical information infrastructure. 

 
3) The product developers and manufacturers must be owned by Chinese citizens, 

legal persons, or the state, and have independent legal personality in China; 
 

4) The product developers and manufacturers must state that they “do not intend to 
leave or set programs and functions such as loopholes, backdoors and Trojan horses.” 

 
5) To add yet another level of complexity, systems operators must follow detailed 

guidelines for product procurement. 
 

6) Products that have been listed in the CNCA catalogue of information security 
products must acquire a certificate issued by the National Information Security 
Center. 

 
7) Without a mandatory “CCC Mark” certification, a wide range of IT products will not 

be allowed to be shipped out of the factory, sold, or imported. 
 

8) Encryption testing requires the sharing of source code encryption keys. 
 

9) All products must comply with Chinese national standards. 
 

10) Chinese labs must carry out complicated encryption testing and equally complicated 
post-market factory inspections. 

 
11) Adding even further to complexity, a Level 3 system is required to procure a Level 3 

information security product.  
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China-based exporters thus would need to meet extremely stringent product 

requirements that are unnecessary for commercial success. In addition, this 

would require significant financial resources to implement the policy 

correctly. In response, foreign firms have voiced strong concerns about 

trade-distorting and anti-competitive effects of China‘s information security 

policies. The main concerns are: 

1. Regulations to protect critical infrastructure may include a mandatory requirement 
to use domestic intellectual property. “Such regulation will result in pushing most 
foreign companies out of the market” (Ziegler; 2009). 
 
 

2. OSCCA certification rules for cryptographic products exclude foreign companies 
from application for certification. Again, this would largely exclude foreign-made 
products from competing in the China market. 
 

3. New customs tariff classifications for cryptographic products allow blocking of any 
products that do not have OSCCA certification. 

 
4. To obtain OSCCA certification, firms have to accept forced disclosure of critical 

software components, such as security keys, software design, and parts of the 
source code. Foreign industry players argue that “such unusual and far-reaching 
disclosure requirements do not only endanger the very security of the product 
being tested, it also might lead to leaks of the design of the software to 
competitors” (ibid.). 

 
5. Smart cards and their supporting hardware (semiconductors) and software 

(especially operating systems) are the products that are going to be most severely 
controlled by OSCCA and CCC regulations. 

 
6. Of particular concern is a medium-term threat: “Since many manufacturers— 

Chinese or foreign—will eventually have to include Chinese information security 
measures into globally marketed products, it is highly likely that … Europe will be 
confronted with Chinese security measures included in our products to which we have 
no access and to which the cryptographic tools are unknown” (ibid.). 

 

Implementation Constraints 

In light of China‘s deep integration into the international economy, it is 

difficult to see how the demanding requirements of China‘s policy on 

information security standards and certification can be effectively 

implemented. For instance, the MLPS information security product 

requirements are extremely complex. In addition, much of the required 

information security technology is still largely unproven.  

Thus the above policy, ironically, may well lead to the decreased security of 

China‘s information systems. The very demanding security requirements for 

Level 3 and above information systems may simply not work, due to the 
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excessive complexity of technologies and administrative procedures. An 

additional implementation constraint is China‘s still-weak policy 

implementation capacity in this particular field. Thus far, China has 

developed only a limited number of technical product standards and 

certification specifications referencing the demanding GB17589 standard.  

Furthermore, China‘s information security product market is still at an early 

stage of development, and product performance levels do not match those 

of leading global competitors.  According to Chinese experts, the majority of 

China‘s information security products can only meet Level 2 classification 

requirements. Probably the most immediate implementation constraints are 

inter-agency rivalries over MLPS jurisdiction and enforcement. In fact, 

leading promoters of MLPS, like Fang Xingbing (the president of the Beijing 

University of Post and Telecommunications and former director of China‘s 

National Information Security Crisis Coordination Center), have identified 

inter-agency rivalries as a major impediment. 

Take, for example, the turf wars between the MPS and the MIIT. In 2007, 

MPS was tasked by China‘s State Council to act as the ―lead agency and 

coordinator‖ for MLPS.  Since the creation of MIIT, MLPS activities have been 

stalled. This has frustrated long-term supporters within the security 

establishment. When MIIT was created, it took over the function of the 

former State Council Informatization Office and created a new department, 

the Information Security Coordination Department; which claims 

responsibility for the coordination and promotion of MLPS development. 

But it seems that the rivalry with MPS continues. According to interview 

sources, MPS will fight to keep control over the information security product 

licensing regime, as this has enabled it to reap hefty profits. MPS held a 

large ―Industry End-Users Conference‖ on December 21, 2008 and 

announced that it will begin licensing information security products that 

correspond to the five levels of MLPS.  Some observers fear that, as a result, 

the criteria for CNCA product certification could become even more 

demanding. 

Caveat: No Information on Recent Developments 

Research based on information available in the public domain makes it 

impossible to assess whether recent developments in China‘s policy on 

information security standards and certification have further intensified the 

demands of earlier regulations or whether there has been some relaxation.  
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This study suggests that an important trust-building measure for the U.S.–

China standardization dialogue is to improve access to and collection of data 

that allow for a better assessment of how information security standards and 

certification can be implemented without disrupting China‘s integration into 

the global economy. 

Of particular importance is information on recent changes in the CNCA 

Information Security Testing and Certification regulations.  For instance, is it 

correct that, in response to considerable external pressure (from the U.S. 

government, the European Union and business associations), China agreed 

in April 2009 to reduce the scope of the regulations from products in the 

commercial market to products procured by government entities under 

China‘s Government Procurement Law. Equally important are updated 

information and data points on the following issues: 

• Regulations to protect critical infrastructure may include a mandatory 
requirement to use domestic intellectual property. 

• OSCCA certification rules for cryptographic products may exclude foreign 
companies from application for certification. Again, this would largely 
exclude foreign-made products from competing in the Chinese market. 

• New customs tariff classifications for cryptographic products may allow 
blocking of any products that do not have OSCCA certification. 

• To obtain OSCCA certification, applying firms may have to accept forced 
disclosure of critical software components, like security keys, software design, 
and parts of the source code. 

 

On the MLPS, updated information is required to address the following 

questions: 

• What changes have occurred since the Administrative Measures for the Multi-Level 
Protection of Information Security issued in June 2007? 

• Will foreign security products largely remain excluded from bidding for “critical 
infrastructure systems” (MLPS Level 3 and above)? 
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XV 

 
 

A Case Study 

There is an abundance of theoretical and econometric studies of how 

standards shape market competition, but most of these studies have focused 

on Western economies; primarily those with Anglo-Saxon institutions.  Even 

for Western economies, fundamental public policy issues of standards setting 

remain grossly under-researched. According to two leading scholars of 

standards policy, ―… general agreement about appropriate public policy 

toward government standard setting does not exist. The most basic 

questions remain unaddressed‖ (Greenstein and Stango 2007). 

We need a conceptual framework that allows us to study how standards are 

created and used in a country with economic institutions that differ from 

those in Western economies. This requires that we place standardization in 

the broader context of the role of innovation and intellectual property rights 

as a source of ―catching-up‖ development. To develop such a framework, 

this section is based on seven propositions. 

Intellectual Property Rights and Economic Development: 
Lessons for Standardization Research 

A first proposition is that the study of standardization needs to be ―nested‖ 

in a larger technology and economic development context. Specifically, 

standardization research can learn from recent work on the role of 

intellectual property rights (IPR) for economic development.60 The essence 

of economic development is catching-up; defined as ―the process in which a 

developing country narrows the gap in productivity and income relative to a 

leading country.‖61   

Learning advanced technologies is critical for successful catching-up. The 

protection of intellectual property rights is a necessary, but by no means 

sufficient, condition. Detailed case studies of earlier historical experience in 

the United States, the Scandinavian countries, Japan, Korea and Taiwan 

                                                 
60 Goldstein and Straus; 2009. 
 
61

 Odagiri et al.;2010. 
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demonstrate that IPR protection can only contribute to economic 

development if it takes place as part of a multi-faceted innovation strategy 

that seeks to strengthen absorptive and innovative capabilities of firms and 

to develop a broad-based innovation infrastructure (including standards).62  

In fact, a recent study on the relationship between intellectual property 

protection and innovation highlights its complex nature. A key finding is 

that, ―although stronger IPR protection directly increases the incentive to 

innovate, it also discourages innovation in the long run by suppressing the 

process of ‗learning by doing.‘…This implies that both very strong and very 

weak IPR policies decrease innovation, so a moderate approach is 

preferable‖ (Furukawa 2010).  

Of particular interest for the study of standardization is that IPR regimes 

―significantly vary across industries and across countries of different 

economic size or different technological capacity.‖ (Odagiri et al. 2010). 

Case studies ―document again and again the very great differences across 

industries in the extent to which IPR regimes, indigenous or foreign, affect 

the catch-up process….Hence, it makes no sense to talk about the influence 

of IP on development in general. One has to specify the sector one is 

concerned with‖ (Odagiri et al.; 2010). 

Developing countries face a fundamental dilemma: A weak IPR regime may 

stimulate imitation (without patent holder consent), while discouraging the 

development of advanced technology through licensing or inward FDI, or 

through domestic innovation efforts. In a developing country, ―utilization of 

knowledge invented abroad should be given priority over incentive for 

invention and, hence, a weaker patent regime that targets diffusion … 

[rather]…than creation should be adopted‖ (ibid.).  

Hence, a country‘s IPR regime needs to evolve with the development of its 

domestic innovative capacity. ―…The relative merits of different IPR regimes 

change over the stages of economic development…Typically, countries try to 

alter their IPR regime in response to changing needs. In consequence, a 

country‘s IPR regime likely coevolves with its economy‖ (ibid.).  As long as a 

country‘s innovative capacity is weak, it benefits from a relatively loose IPR 

regime. Once the country‘s innovative capacity begins improve, its IPR 

regime needs to be gradually strengthened. 

                                                 
62

 Ibid. 
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In addition, there is an important international dimension. In-depth research 

on Asia‘s export-oriented economies finds that, while their own IPR regimes 

matter, of at least equal importance for their economic growth have been 

the IPR regimes of their main export markets in the United States, the 

European Union and Japan. That research also shows that a sophisticated 

domestic IPR regime is important, as it forces Asian firms to ―learn about 

IPR legal issues and to accumulate capabilities for IPR management‖ (ibid.). 

Patents and Standards 

A second proposition addresses the critical role of patents for 

standardization. Increasingly, standards include technologies that are 

protected by IPR. In theory, a neat distinction is possible between standards 

that are a ―public good‖ (free, collective good) and patents that are a 

―private good‖ (for private, exclusive use by patent owners). Economists 

typically define public goods by two qualities: non-rivalry in consumption 

(i.e., they are not depleted by an additional user) and non-excludability (i.e., 

it is generally difficult or impossible to exclude people from its benefits; even 

if they are unwilling to pay for them) (Baumol and Blinder 1991). 

But in reality, tensions are rising between patents and standards: ―…while 

technical standardization is meant to transform ideas into a public good, 

patent protection transforms them into a private good‖ (European Patent 

Office 2007).  As globalization has increased technology-based competition, 

the key to competitive success is a broad portfolio of ―essential patents‖; 

which are necessary to produce any product that meets the specifications 

defined in the standard.  Patents are ―essential‖ to a standard ―when it is not 

possible to comply with the standard without infringing that intellectual 

property right‖ (Tapia and Ernst; 2012). 

Research by Knut Blind & Associates has documented the use of essential 

patents as a strategic weapon to prohibit, delay or obstruct standardization 

processes.63  This is the case, for instance, when incumbent market leaders 

pursue so-called platform leadership strategies through nominally open but 

de facto proprietary standards that are designed to block competitors and to 

deter new entrants.  For example, Intel has attempted to extend its control 

over microprocessors by creating widely-accepted architectural designs that 

increase the processing requirements of electronic systems and, hence, the 

market for Intel‘s microprocessors (Gawer and Henderson; 2007). 

                                                 
63

 Blind et al.; 2004. See also the seminal article “Patent Holdup and Royalty Stacking” (Lemley & Shapiro; 2007). 
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M. Lemley, in two highly influential studies on the licensing and disclosure of 

private standard-setting organizations, documented the difficulties of finding 

fair, reasonable and non-discriminatory (FRAND) compromises in private 

standard-setting organizations (Lemley 2002; 2007). This is especially 

difficult for industries like the ICT sector; where interoperability standards 

are required to make products or services compatible with each other in 

order to maximize the benefits of network externalities. 

According to a recent study by the Federal Reserve Bank of Philadelphia, 

finding fair and non-discriminatory compromises is made even more difficult 

by ―the potential for opportunistic behavior by participants who own patents 

on a technology essential to the standard. There is a risk that without 

sufficient transparency and sufficiently strong mutual interests, network 

participants could make large investments to implement a standard only to 

be held up by a firm threatening to withhold a key piece of technology‖ 

(Hunt et al.; 2007).  

The Hunt study argues that in all likelihood some kind of agreement would 

be reached, but on terms substantially worse than the participants initially 

expected.  Indeed, the risk of such an outcome may discourage firms from 

adopting a standard or even participating in the standard-setting process.  

In other instances, awareness of a key blocking patent might lead to the 

adoption of a standard that poses less risk to participants but which is also 

technologically inferior (ibid.).  In short, the use of ―strategic patenting‖ to 

generate rents from de facto industry standards has transformed the 

dynamics of the international standards system. 

Different Perceptions of International Standards 

A third proposition is that perceptions differ on what constitute international 

standards and on the legitimacy of the existing international standards 

system.  It is important to spell out explicitly these different perceptions, 

given that compliance with international standards is the principal policy 

issue influencing the international discourse on China‘s standards policy. 

The Chinese position is straightforward and is derived directly from China‘s 

standardization law. For China, an ―international standard‖ is a standard 

developed under the umbrella of an international institution recognized by 

China; in most cases the United Nations (U.N.). Standards developed by 

U.S. or EU standardization bodies are not recognized; and China does not 

have a procedure for the formal adoption of such standards. This section 
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adopts the pragmatic approach used by the European Telecommunications 

Standards Institute (ETSI), which distinguishes between ―international 

standards,‖ that is, formal U.N. (or similar multilateral organization) based 

standards and ―global standards‖; which are de facto globally recognized no 

matter their origin.64  

Standards developed by consortia are thus often ―global standards‖ but 

never ―international standards.‖ In Chinese eyes these global standards are 

all informal. They can be copied without formally adopting them. While these 

different definitions may sound technical, they have potentially far-reaching 

implications for China and other emerging economies. These countries are 

searching for ways to make effective use of the existing international 

standards system to strengthen their growth potential and their innovative 

capabilities.  

However, there is a widespread perception in these countries that the 

existing international standards system and, especially the non-formal 

standards development organizations and consortia, primarily reflect the 

interests of large global industry leaders from the United States, the 

European Union and Japan.  The idea that it is natural and normal to adopt 

the governance formulae of the incumbents, as if these were compulsory 

and necessary, is not obvious to the new players. Compared to the 

established leaders, the new players have different needs, institutions, 

business models and capability sets. The resultant tensions are especially 

prominent for the role of patents in standardization.  

A recent study by Li Xuan and An Baisheng highlights concerns that play an 

important role in shaping China‘s standardization strategy. Li and An argue 

that ―…patent hold-ups, royalty stacking, and refusal to license are the 

major sources of problems with regards to IPR in standards and, as a result, 

many markets have been substantially infected with IPR misuse‖ (Li and An 

2009).   

This is considered to be ―…extremely harmful to developing countries … 

When IPR is incorporated in standards without appropriate safeguards 

against IPR misuse, it can further isolate…developing countries from 

interconnecting with the rest of the world—a situation that can negatively 

impact their social and intellectual growth along with their economic 

prosperity…IPR in standardization has currently evolved from a mainly 

                                                 
64 Klaus Ziegler (European Standardization Expert for China), August 10, 2010. 
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competition issue in developed countries into a global issue with profound 

and complicated North-South implications‖ (ibid.).  Li and An conclude that, 

―…even though the correct policy for IPR in standards is to ensure a balance 

between IPR protection and the integrity of standardization, currently, the 

essential task should be focused on regulating IPR misuse in 

standardization‖ (ibid.). Irrespective of whether one agrees with this 

position, it is important to acknowledge that China has its own views on 

what constitutes an international standard. 

Standards Systems Differ 

A fourth proposition is that national standards systems differ. Unfortunately, 

a major weakness of the standardization literature is that we lack systematic 

research that compares different national standards systems and their 

divergent development trajectories. There are, of course, many specialized 

data bases for engineers that compare technical standards for particular 

technologies, but little research exists that compares institutional 

arrangements and strategies that shape different national standards 

systems. 65 Existing comparative studies are focused on the American and 

European systems, neglecting important developments in Japan, India, 

Brazil, Russia and, most importantly, China.66 

An example of this outdated view of the global map of national standards 

systems can be found in an article published in the journal World Politics that 

argues: What emerges from the study of the formal institutions and 

organizational practices is that there are, broadly speaking, two types of 

institutional systems at the national level: an American (U.S.) system of 

standardization, which is fragmented, market driven or characterized by a 

high degree of internal competition; and a markedly more hierarchical, 

highly coordinated system in Europe which is also publicly regulated and 

subsidized (Mattli and Buethe 2003). 

It is time to move beyond this geographically restricted research agenda, 

and to take note of important developments in the national standards 

systems of emerging economies. A detailed comparison between the United 

States and Chinese standards systems is beyond the scope of this book. But, 

as argued by Andrew L. Russell, ―even a cursory comparison shows how 

                                                 
65 On data bases for engineers, see, for instance, 
      http://www.engineeringtoolbox.com/pipes-codes-standards-t_17.html 
 
66 An interesting comparison of Japanese and U.S. standards systems can be found in Leiponen; 2001. 
      See also McIntyre; 1997. 

http://www.engineeringtoolbox.com/pipes-codes-standards-t_17.html
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national approaches to standardization embody a great variety of choices 

and tradeoffs that are time and place specific‖ (Russell 2005). 

In the United States, debates on the role of standardization in China are 

based on the proposition that a bottom-up approach to standardization that 

is largely driven by market forces and the private sector is desirable in terms 

of economic efficiency. But Chinese observers respond that ―the bottom-up 

approach…produces outcomes they do not find equitable.‖67 An Baisheng 

(2009) adds that ―in other countries government intervention in 

standardization has been the normal approach for various reasons, including 

insufficient private investment in standards that are considered to be quasi-

public goods.‖ Both propositions contain more than a kernel of truth. But 

research should dig deeper, and address, inter alia, the following questions:  

 What do we know about the historical origins of China’s standards system?  

 What were the sources for China’s approach to standardization?  

 What features define the current governance of the Chinese standards system?  

 Who are the important stakeholders and what is their role in standards development?  

 What does this tell us about efficiency and distributive justice of the Chinese standards system? 

 

These questions are discussed in the following chapters. 
 

Standards and Innovation 

A fifth proposition is that the relationship between standards and innovation 

is much more complex than acknowledged thus far in innovation theory. On 

the positive side, there is no doubt that standards can be a critical enabler of 

innovation. There is no automatic link, of course, but standards can foster 

economic growth by reducing transaction costs and achieving economies of 

scale through interchangeability (Kindleberger 1983).  

Economic standardization theory has shown that ―…standards affect the 

R&D, production and market penetration stages of economic activity and 

therefore have a significant collective effect on innovation, productivity and 

market structure‖ (Tassey 2000).  That does not imply that standardization 

per se is good under all conditions. For instance, standards that fail to 

address critical societal concerns with regard to climate change, health or 

product safety may actually give rise to wasteful and even destructive 

innovation. Standards may also effectively limit innovation and economic 

growth when they are used as a weapon to block competition (e.g., Lemley 

2002).  

                                                 
67 Tim Simcoe, comments on TalkStandards Open Forum: Standards Policy in China, June 25, 2010, at   
http://www.talkstandards.com/standardisation-policy-in-china-a-path-from-madein- china-to-innovated-in-china/ 

http://www.talkstandards.com/standardisation-policy-in-china-a-path-from-madein-%20china-to-innovated-in-china/
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There is also a fundamental tension between standards and innovation. By 

freezing a given technology, standards are supposed to provide stability for 

industry and customers; as well as for international trade and investment. 

Yet, at the same time, innovations continuously upset this stability by 

introducing new products based on new standards.  

J. A. Schumpeter‘s theory of ―creative destruction‖ provides a useful 

analytical framework. For Schumpeter, capitalism is by nature a form or 

method of economic change and not only never is but never can be 

stationary. ―This evolutionary character of the capitalist process …is driven by 

innovation…the fundamental impulse that sets and keeps the capitalist engine in 

motion…Innovation incessantly revolutionizes the economic structure from within, 

incessantly destroying the old one, incessantly creating a new one. The process of 

Creative Destruction is the essential fact about capitalism…In other words, the 

problem that is usually being visualized by economic and legal theories is how 

capitalism administers existing structures, whereas the relevant problem is how it 

creates and destroys them‖.68 

A Dynamic Perspective: Evolving Tasks of Standardization 

A sixth proposition is that a dynamic analysis is required to capture the 

continuous changes and adjustments in the processes of standardization.  A 

fundamental insight of Schumpeter‘s ―creative destruction‖ theory is that 

economic institutions incessantly need to adjust to changes in markets and 

technology. This implies that there is no one best way of organizing 

standardization. According to the American Engineering Standards 

Committee Yearbook of 1925, ―… standardization is dynamic, not static. It 

means, not to stand still, but to move forward together.‖69
  

This fundamental insight still holds today, but unfortunately there is a 

tendency in current debates about standardization to neglect this dynamic 

aspect.  Standardization systems are in constant flux and one needs to apply 

this fundamental insight to the study of contemporary standards systems; 

whether in the United States or in China.  To shed light on the evolving tasks 

of standardization, we first need to open the ‗black box‘ of standards and 

introduce an operational definition.  There are an almost infinite number of 

                                                 
68 Schumpeter; 1950. 
 
69 Russell; 2005. 
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standards that differ in their form and purpose.  A state-of-the-art definition 

that serves our purpose well is provided by the National Institute of 

Standards and Technology (NIST); as part of its Smart Grid Interoperability 

Standards project (NIST 2010). Standards are: ―…specifications that 

establish the fitness of a product for a particular use or that define the 

function and performance of a device or system. Standards are key 

facilitators of compatibility and interoperability.‖ 

In the literature, standards are normally categorized as proprietary versus 

open, or, as de facto versus de jure (Stango 2004). Proprietary standards 

are owned by a company that may license them to others, while open 

standards ―are available to all potential users, usually without fee‖ 

(Steinfield et al. 2007). De facto standards achieve adoption through 

standards competition among rival standards consortia. Finally, de jure 

standards are adopted through consensus; which is sometimes formally 

expressed through industry committees or formal standards organizations.  

At the most fundamental level, standards are necessary to ensure the 

quality and safety of products, services and production processes; and to 

prevent negative impacts on health and the environment. Hence, an 

important function of standards is to reduce ―risks for makers of compliant 

products and users of these products‖ (Alderman 2009). In addition, 

standards are necessary to reap the growth and productivity benefits of 

increasing specialization, analyzed long ago in Adam Smith‘s The Wealth of 

Nations (Smith [1776]; 1970). According to economic historian Charles 

Kindleberger (1983), ―…for the most part, standardization was originally 

undertaken by merchants to facilitate a progressive specialization through 

trade.‖ 

Today, however, specialization extends well beyond trade into manufacturing 

and services; including: engineering, product development and research. 

Equally important is the international dimension.  As globalization has been 

extended beyond markets for goods and finance into markets for technology 

and knowledge workers, standards are no longer restricted to national 

boundaries.  Standards have become a critical enabler of international trade 

and investment — they facilitate data exchange as well as knowledge 

sharing among geographically dispersed participants within global corporate 

networks of production and innovation (Ernst 2005). In short, standards are 

the lifeblood of innovation in the global knowledge economy.  
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Today, standards are necessary not only to reap economies of scale and 

scope, but also to reduce transaction costs and to prevent duplication of 

efforts.  In addition, standards are required to enable data transfer and 

knowledge exchange and to facilitate interoperability of components or 

software within increasingly complex technology systems (for example, in a 

laptop, a hand set or a switching system).  

Without interoperability standards, it would be impossible to achieve 

network externalities that shape competition in markets for products and 

services that use information and communication technologies (Katz and 

Shapiro 1985).  In these markets, ―…as the set of users expands, each user 

benefits from being able to communicate with more persons (who have 

become users of the product or service)‖ (Rohlfs 2001).  

―Network externalities‖ imply that a company succeeds ―when customers 

expect that the installed base of technology will become larger than any 

other,‖ with the result that the customers ―adopt that technology to the 

virtual exclusion of others‖ (Sheremata 2004). Developing these 

interoperability standards is a moving target. The challenge is to allow for a 

continuous adjustment to cope with technical progress.  Take the example of 

the rapidly evolving processor technology that drives the world‘s computers.  

The central processing units (CPUs) made by Intel and AMD under Intel‘s 

x86 designs were rivaled in importance by graphic processing units (GPUs) 

as PCs were used for multimedia tasks. For a computer company to use the 

GPU technology, it needed at least three things:  

―a license from Intel to the x86 design of the CPU; a clear agreement about 

interoperability between the GPU and the CPU; and finally a strong 

enforcement mechanism—with clear standards and a timetable for prompt 

resolution of disputes.‖70  

To cope with these critical challenges, standardization has become a 

complex and multi-layered activity that involves multiple stakeholders who 

differ in their objectives, strategies, resources and capabilities. Most 

importantly, standardization is a highly knowledge-intensive activity that 

requires well-educated, experienced engineers and other professionals.  

While engineers originally created this discipline, key concepts are now 

                                                 
70

 David Balto, a former antitrust attorney at the Federal Trade Commission, quoted in “Intel Nears Settlement in  
      Market Abuse Probe,” Financial Times, July 21, 2010. 
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shaped by legal counselors as well as corporate executives and government 

officials (Spring; 2009). Equally important is that considerable financial 

resources are required to develop and implement effective standards. 

What Is Success? 

A seventh and final proposition is that we need a broad definition of what 

constitutes the success or failure of standardization strategies.  In the United 

States, success is typically defined by commercial criteria (like: market 

share, return on investment and rents) that innovators can reap from a 

particular technology. This definition of success is used, for example, by 

Kennedy et al. (2008).  In order to assess how likely it is that a standard 

project will succeed, these authors examined the role played by the 

government, the scope and dynamics of supporting industry coalitions and 

the market presence of ―non Chinese‖ standards.  

Kennedy et al. (ibid.) argued that ―successful commercialization depends 

much more on the character of the supportive industry coalitions and the 

prominence of rival technologies‖ than on government support.  Using this 

framework, the authors concluded that China‘s experience with 

standardization has produced mixed results. TD-SCDMA and WAPI are 

considered to be costly failures because they have not generated effective 

demand and industry support. On the positive side, AVS and IGRS are 

believed to have a significant potential for success; although this potential 

has not yet been utilized. 

However, China is not the only country where standards fail; and standards 

may also fail when the government does not play a role. Take the United 

States, where standards are shaped primarily by private firms. For all 

practical purposes, for every successful standard in the United States there 

will always be standards that fail. Examples include the persistent failure of 

Microsoft and Intel to establish their proprietary technologies as de facto 

standards for games and mobile handsets respectively.  

Another interesting example of failure is Qualcomm‘s attempt to establish its 

MediaFLO standard for digital mobile TV as an international standard. 

MediaFLO is a proprietary technology, developed by Qualcomm, to transmit 

video and data to portable devices such as mobile phones and personal 

televisions, used for mobile television. The ―FLO‖ in MediaFLO stands for 

Forward Link Only, meaning that the data transmission path is one way, 

from the tower to the device.   
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The MediaFLO system transmits data on a frequency separate from the 

frequencies used by current mobile telephone networks. This standard 

received considerable support from the U.S. government, as the MediaFLO 

system was allowed to use frequency spectrum 716–722 MHz, which was 

previously allocated to UHF TV channel 55.  Qualcomm has poured hundreds 

of millions of U.S. dollars into its FLO TV service; building a network 

infrastructure and striking content deals in the United States.  Qualcomm 

chips and service are embedded in Verizon and AT&T phones and its own 

personal TV device. Nevertheless, Qualcomm‘s MediaFLO standard has made 

little impression overseas.  Worse yet, few customers in the United States 

have shown interest in this service and Qualcomm‘s CEO admitted that 

―take-up of the service had been disappointing…‖; signaling that this 

standard might have been an expensive flop.71 

A Broader Definition of Success 

This work uses a definition of success that links standardization to the 

broader challenges of innovation and economic development. In essence, a 

standards project will be considered a success if it: 

• Maximizes learning effects and standardization capabilities; 

• Avoids strategic patenting by owners of essential patents that could block innovation; 

• Reduces licensing costs to avoid getting caught in the so-called patent trap; 

• Broadens the scope for innovation to avoid technology lock-in by not blocking foreign standards;
72

 

 • Protects confidentiality, integrity, and availability of data through information security industry 
standards; 

• Facilitates and broadens the diffusion of best-practice productivity-enhancing generic technologies; 

• Initiates open and transparent standardization processes that are in line with WTO and other 
international regulations; 

• Helps to adjust the governance mechanisms and institutional architecture of international standards-
setting bodies; and  

• Develops a capacity for flexible and fast adjustments, in cases where policies do not produce the 
expected results. 

This has important implications for China‘s standardization strategy. A 

flexible approach is required that balances elements of top-down/bottom-up 

policies, looks forward and avoids fighting old battles.  The Chinese need to 

combine a unified strategy with a capacity for flexible adaptation and timely 

correction of unintended side effects from decisions. Increased effort is 
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 Paul Jacobs, Qualcomm CEO , “Qualcomm Buoyed by Global Growth in 3G,” Financial Times, July 22, 2010. 
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 Brian Arthur (1989) provides the classic analysis of “technology lock-in.” He shows that the economy, over time,  
      possible to predict from usual knowledge of supply and demand functions, and not easy to change by standard  
      tax or subsidy policies. 
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needed to engage multiple stakeholders (both domestic and foreign) in the 

process and accommodate their conflicting interests. China‘s system needs 

to move away from a purely government-centered, top-down system 

towards a more decentralized and market-driven approach. 
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XVI 

 
 
Moving Toward an Integrated Strategy 

An important finding of our research is that China is making serious efforts 

to move toward a more coordinated and integrated approach to standards 

and innovation policy.  From general statements by ministries such as the 

Ministry of Commerce (MofCOM) and MoST, to model policies by MIIT and 

interpretations by the Supreme Court of China, the process has now led to a 

series of legal documents that are meant to develop standardization into a 

platform for independent innovation. 

As a result, China‘s recent policy initiatives on standardization appear to be 

better aligned with the general government focus on indigenous innovation 

with the related revision of patent law and the public procurement 

legislation. One missing component, however, is the long-expected official 

announcement of China‘s revised Standardization Law. According to CNIS‘s 

Wang Ping, ―…in light of the complex issues to be addressed, this should not 

come as a surprise. In Europe, it took decades to work out a robust legal 

framework for standardization‖ (Wang 2010). 

Today, China‘s standardization strategy draws on a set of key legal 

documents (see Table 4) that have been developed since the State Council 

issued the Medium- and Long-term National Plan for Science and Technology 

Development in 2006.  The length of the list indicates the intensity of 

China‘s efforts to establish an integrated approach to standards and 

innovation policy. But the flurry of recent policy initiatives also shows how 

much still remains to be done.  To understand how China seeks to adjust its 

standardization strategy to cope with globalization and rising complexity, let 

us review three of China‘s recent policy initiatives: 

1. The registration of products that contribute to indigenous innovation. 

2. The revision of government procurement regulations. 

3. New regulations for patents included in standards. 
 

Registration of Products that Contribute to Indigenous Innovation The Notice 

on the Promulgation of the 2009 National Indigenous Innovation Products 

Accreditation Program (Notice 618) was jointly issued by MoST, the National 
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Development and Reform Commission (NDRC) and the Ministry of Finance 

(MoF) on November 15, 2009.  Initially, there was considerable concern in 

the international business community that Notice 618 would create entry 

barriers to the China market for foreign companies.  Many expressed 

concern that an ―indigenous innovation product‖ must be produced by a 

company which has full ownership of the intellectual property rights in 

China, and/or which has a trademark that is owned by a Chinese company 

and is registered in China. 

Table 4. China‟s Standardization Strategy Key Documents 
 

• Medium- and Long-term National Plan for Science and Technology Development (2006–
2020), issued by the State Council on February 9, 2006 

• Selected Supporting Policies for the 2006–2020 Medium- and Long-term Science and 
Technology Development Plan (2006) 

• 11th Five-Year Plan for Standardization Development, issued in 2006 by SAC 

• China’s National Information Assurance Policy Framework Multi-Level Protection Scheme 
(MLPS), issued by the Ministry of Public Security, June 2007 

• Anti-Monopoly Law, effective since August 1, 2008 

• Action Plan on IPR Protection 2009, issued in April 2009 by the State Intellectual Property  
Office (SIPO) 

• Revision of Patent Law, effective October 1, 2009 

• Telecommunications Law, issued by MIIT for public review and comment, October 2009 

• Rules on Standards and Patents, November 2, 2009, issued by SAC 

• Notice on the Promulgation of the 2009 National Indigenous Innovation Products 
Accreditation Program (Notice 618), November 15, 2009, jointly issued by MoST, NDRC, MoF 

• Implementation Rules for the Government Procurement Law, January 11, 2010 

• CNIS Disposal Rules for the Inclusion of Patents in National Standards, January 21, 2010, 
issued by the General Administration of Quality Supervision, Inspection and Quarantine, and the 
SAC 

• Notice on the Launch of the National Indigenous Innovation Product Accreditation Work, 
issued by MoST, NDRC, MoF, April 10, 2010 

• Mandatory National Standard Management (Trial) Exposure, issued by SAC for feedback, May 
15, 2010 

• Decisions of State Council on Accelerating the Cultivation and Development of Emerging 
Strategic Industries [G.F. No. 32 (2010)], October 29, 2010 

 

A few months later, however, MoST, NDRC and MoF jointly issued the Draft 

Notice Regarding the Launch of the National Indigenous Innovation Product 

Accreditation Work for 2010. The April 10 notice provides more details on 

the requirements that products must satisfy to be eligible for national 

indigenous innovation product accreditation. Most importantly, it indicates a 

more pragmatic definition of indigenous innovation. According to an 

assessment by the U.S.-China Business Council, dated April 12, 2010,: 
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―There are several noticeable and welcome changes 

between the 2009 and 2010 accreditation requirements, 
many consistent with recommendations proposed by the 

U.S.–China Business Council‖ (U.S.-China Business 
Council 2010). In an update on China‘s foreign 

investment regulations in May 2010, the China Business 
Review concludes that possibly in response to a wave of 

criticism from foreign business associations, the PRC 
government released draft provisions … in April 2010 … 

that would make most products made by foreign 
companies in China eligible for accreditation as indigenous 

innovation products—and for preference in government 
procurement.‖ 73 

 

Interviews with foreign multinationals in China confirm this assessment. Of 

particular importance are adjustments in the requirements governing the 

ownership of intellectual property in China.  Notice 618, issued in November 

2009, had limited indigenous innovation accreditation to products that were 

based solely on intellectual property developed and owned in China.  In 

contrast, the April 10, 2010 notice appears to have been relaxed to allow 

indigenous innovation accreditation for products based on intellectual 

property that has been licensed for use in China from overseas.  A product 

now qualifies as an indigenous innovation product when it covers one of the 

following three aspects:  

(i) originality of technology; 
(ii) integration: the product combines various technologies or technological building blocks; or 
(iii) incremental innovation based on existing imported technology. 

 

Sources emphasize that, due to R&D internationalization through global 

innovation networks, no company, not even a global technology leader like 

IBM, can claim full ownership of the IPR for a particular technology. There 

are always multiple contributors and patent holders. Hence, even if an 

artifact contains only one clearly identifiable, locally generated patent, it is 

likely to be considered an indigenous innovation product by the revised April 

10, 2010 notice. 

In addition, the April 2010 notice no longer requires that, as stated in the 

November 2009 notice, ―a product must possess highly advanced technology 

that reaches or surpasses international standards to be considered eligible 

for indigenous innovation accreditation.‖ Instead, the April 2010 draft 

circular proposes a much more pragmatic definition: ―a product must 

                                                 
73  “Foreign Investment,” editorial, China Business Review 37 (3). 
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possess technologies that have proven effective in conserving energy, 

reducing pollution, and/ or raising energy efficiency, or ‗substantially‘ 

improve on an original product‘s structure, quality, material, craftsmanship, 

or performance, to be eligible for independent innovation accreditation.‖ 

As of September 2010, the implementation rules still appear to be a 

proposal. MoST, NDRC, and MoF are in the process of reviewing feedback 

and comments. The above documents on indigenous innovation products 

need to be seen together with various communication between MoST and 

U.S. and EU authorities regarding possible negative trade impacts. The 

Chinese government keeps emphasizing that ―there is no trade-averse 

component in this policy and that foreign companies are admitted to the 

system if their China affiliate effectively holds the rights on the respective 

IP.‖ 

Revision of Government Procurement Regulations74 

China‘s public procurement market is huge and rapidly growing, reflecting 

the prominent role played by the government and SOEs in the Chinese 

economy. According to official figures for 2008, China‘s purchases through 

the public procurement process totaled roughly USD $88 billion; more than 

triple the amount in 2003. But, according to the China Business Review, 

―…the actual size of China‘s government procurement market might be 

significantly larger than official figures indicate because of difficulties in 

determining which entities are state-run and which are private‖ (Matechak 

and Gerson 2010).  

This large market obviously is attractive to foreign firms, who complain that 

China‘s government has resisted significant openings. According to Deputy 

USTR Demetrios Marantis, China‘s policy to use its vast government 

procurement (GP) programs to spur domestic innovation is ―… one of our 

greatest challenges with China today.‖75 The Chinese leadership considers 

the GP market to be an important policy tool to foster indigenous innovation. 

When China entered the WTO in 2001, the government committed to join 

WTO‘s Agreement on Government Procurement (WTO-GPA), but the terms 

of its membership are still under negotiation. China‘s initial GP regulations 

were quite drastic. The key legal document, China‘s Government 

Procurement Law, first issued in 2002, required that ―government agencies 

                                                 
74 Ahrens 2010; Matechak and Gerson 2010; and USITO 2010. 
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and entities must purchase domestic goods, works and services‖ and 

provided very limited exceptions. This was followed by a raft of regulations 

that defined a fairly restrictive approach. The May 2007 ―Measures for 

Administration of Government Procurement Budgets for Indigenous 

Innovation Products‖ warned government at all levels to develop specific 

indigenous innovation procurement plans or they would lose procurement 

funds. 

In the same month, the ―Measures for Assessment of Government 

Procurement of Indigenous Innovation Products‖ lowered government 

procurement supplier qualification standards for companies doing indigenous 

innovation. Also, in December 2007, MoF issued ―Measures for the 

Administration of Government Procurement of Imported Products,‖ which 

directed that approval by a board of experts is necessary for government 

entities to purchase imported goods. It called for favoring foreign suppliers 

that provide the domestic industry with technology transfers and training 

services. 

Are recent developments signaling a gradual shift  

towards greater pragmatism?  

On January 11, 2010, the State Council‘s Legislative Affairs Office released 

the long-awaited Draft Implementing Rules for the Government Procurement 

Law that outline the scope, responsibility, conditions, format, procedures 

and requirements for government procurement in China.  Notably, the draft 

defines domestic products, projects and services in a way that appears to 

include foreign investment enterprises (FIEs).  

Specifically, Article 10 of the draft defines a ―domestic product‖ as one 

―made within China‘s borders and for which domestic manufacturing costs 

exceed a certain percentage of the final price.‖ This definition should allow 

FIE products that pass a local content threshold—which apparently will be 

equally applied to Chinese-owned companies—to qualify as domestic for the 

purpose of government procurement.  Article 10 also states that government 

procurement for projects and services will apply to Chinese nationals, 

Chinese legal persons or other Chinese organizations. 

Because FIEs have legal-person status under existing PRC laws, this 

definition indicates that projects and services provided by these FIEs should 

be treated as ―domestic‖ for government procurement.  According to a 

December 2009 statement by MofCOM, China‘s indigenous innovation 

policies, including its GP regulations, are non-discriminatory; as they apply 
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equally to domestic and foreign-invested companies. Foreign observers 

acknowledge progress towards greater pragmatism, but argue that 

challenges remain. For instance, the U.S. Chamber 2010 report states that 

draft revisions to Circular 618, issued on April 10, 2010, ―have softened 

some of the most controversial requirements. The draft removed references 

to ‗indigenous brands‘ and the requirements that the trademarks and brands 

must first be registered in China and the IP owned by the local entity.‖  The 

U.S. Chamber, however, considers these revisions to be insufficient and 

states that ― … foreign business associations … continue to push for 

elimination of the indigenous innovation product catalogues altogether‖ 

(McGregor 2010). 

Specialized U.S. lawyers argue that ―…though the relaxed trademark and IP 

rules are welcome changes, the requirements remain onerous for many 

FIEs.‖(Matechak and Gerson 2010).  Somewhat surprisingly, these authors 

add that equal treatment for domestic and foreign-invested companies in 

China ―is exactly the problem, because it eliminates too many opportunities 

for foreign companies.‖   

This seems to confirm an argument presented by a Chinese lawyer that ―… 

until recently, there was a tendency to treat foreigners better than Chinese 

firms, because foreigners had technology, knowledge, and capital… in 

Chinese ministries, foreign visitors could count on getting special attention 

and on meetings with top officials. Foreigners are missing this privileged 

treatment. As China has improved its economic situation, negotiations with 

foreigners are now more business-like. In my opinion, things are now getting 

more normal—that‘s all‖.76  

Ambiguity enters the picture, however, as the same Draft Implementation 

Rules also stipulate that support and protection will be given to indigenous 

innovation products via priority or compulsory procurement.  According to 

interview sources, several provinces and cities throughout China have 

drafted and released product catalogues to promote indigenous innovation.   

These catalogues differ from province to province, and it is unclear how 

these local lists will interact with a national product list. The product 

catalogues apparently discriminate against FIEs. According to a recent 

survey, ―of the 523 products listed in Shanghai‘s catalogue of indigenous 

innovation products, only two are made by FIEs (both are from Chinese-

                                                 
76 Anonymous Chinese IP counsel at a foreign company (quoted by Ernst 2011). 
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foreign joint ventures with majority Chinese ownership)‖ (U.S.–China 

Business Council 2010). The latter example illustrates a fundamental 

dilemma faced by China. Ubiquitous globalization and rising complexity of 

technology imply that it is very time-consuming and cumbersome to 

construct and to manage reasonably systematic lists of products and 

technologies.  

As illustrated by the failure of the control list of embargoed ―dual-purpose 

goods‖ prepared for the Coordinating Committee for Multilateral Export 

Controls (CoCom; now the Wassenaar Arrangement of 41 nations), such lists 

risk being quickly outdated and bypassed.  Even more important for China‘s 

objective to foster independent innovation is that such control lists, by their 

very nature, focus on existing technologies, rather than on the future 

innovations that they are designed to promote. 

Nathaniel Ahrens has recently made a strong and convincing argument for 

China to become a signatory to the WTO-GPA ―in order to build a solid 

system that can legally incorporate certain mechanisms that stimulate 

indigenous innovation while keeping markets open‖ (Ahrens 2010). It is 

difficult to disagree.  In fact, the WTO-GPA allows many exceptions, such as 

small and medium sized enterprises and national security. Research on GPA 

documents indicates that if a country like the United States, United Kingdom 

or Germany is sophisticated in how it uses the many loopholes, GPA 

membership provides an extraordinary amount of flexibility and fairly rich 

benefits.  

In the United States, the Small Business Innovation Research (SBIR) 

program makes effective use of GPA loopholes and is one of the most 

effective tools in the U.S. government‘s kit for stimulating innovation.  SBIR 

is the world‘s largest seed capital program for science and technology 

businesses.  As a source of early stage finance, SBIR is probably at least as 

important in value terms as venture capital.  However, unlike most venture 

capital investments, SBIR awards are available from right at the start of a 

business‘s life (Connell 2006).77  

The United States also makes ample use of exceptions due to national 

security and homeland security concerns through DARPA and the 

Department of Homeland Security.  For some of these programs, the United 

                                                 
77 For an evaluation, see Wessner 2008. For details on SBIR and related programs, see the official website at   
      http://www.sbir.gov/about/index.htm 

http://www.sbir.gov/about/index.htm
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States does not allow Japanese and Korean suppliers.  The irony is that 

debates about China‘s government procurement policy make no reference to 

this secret weapon of the U.S. innovation system. In fact, proponents of 

―open procurement‖ in China are disingenuous when they fail to 

acknowledge that the United States has made ample use of this highly 

sophisticated approach to government procurement. 

In July 2010, China‘s government made a long-awaited revised offer to join 

the GPA. The initial response of the Deputy USTR was cautiously positive: 

―We are still analyzing (the offer), but we recognize that it includes 

significant improvements over its initial offer that was submitted at the end 

of 2007.‖78 Negotiations are still continuing. In our interviews, the following 

reasons were given to explain why China thus far has refrained from joining 

WTO-GPA: 

• A lack of confidence in Chinese domestic companies’ competitiveness: 

Once China joins, the procurement process will be transparent and foreign companies will have equal 
opportunities to compete with Chinese players.  So far, with the exception of giant companies like 
Huawei, ZTE and Haier, the innovation capabilities of Chinese industries are still weak.  China, in this 
context, would prefer to postpone its entry into the GPA for a few years; buying more time for its 
domestic companies to grow. 
 

• The size of China’s GP market:  

Foreign companies would like to include the SOE sector into the GP definition, yet China’s 
government is reluctant to extend GP to this huge market.  China’s current definition of GP is very 
broad and includes procurement using fiscal funds; covering government agencies at all levels: 
organizations, hospitals and schools (including products, services and projects). 
 

• Problems with the legal framework:  

China has two laws governing the GP market: the Government Procurement Law and the China 
Bidding Law.  The former deals with products and services while the latter focuses on projects.  
There are many conflicting clauses between these two regulations and it takes time to coordinate 
interests. 
 

• Implementation: 

China faces a shortage of experienced staff in the GP area and there is considerable overlap of 
responsibilities within the government on GP.  It takes time for the Chinese government to train staff 
and adjust its structure for effective implementation. 
 
• Lack of experience:  

Chinese government agencies just do not have the experience to run a government procurement 
system of this size.  The government recognizes the need to adapt the Chinese GP law to WTO 
standards, but this a complicated process that was only begun in 2008.  It needs time to build the 
system before the floodgates can be opened. This is not just a legal challenge.  The primary challenge 
is administrative—getting the right structure and human resources in place is very time-consuming. 
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 Deputy USTR Demetrios Marantis, quoted in “U.S., China Begin Talks on Innovation Trade Dispute,” at  
      http://www.reuters.com/assets/print?aid=USTRE66J6SO20100720 

http://www.reuters.com/assets/print?aid=USTRE66J6SO20100720
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• Control:  

Both the local governments and SOEs are hard for Beijing to control. When international bodies 
exert pressure on China to join the WTO-GPA, this is really just emphasizing Beijing’s lack of control. 
The government does not like to be held accountable in the WTO for SOEs. The government has 
emphasized that SOEs will be subject to commercial laws, not to the government.  In addition, the 
Chinese government believes it was agreed upon its accession to the WTO that SOEs would not be 
included. As a result, the Chinese government feels it is unfair that the United States keep trying to 
force this into the GPA negotiations.  These interview findings support Scott Kennedy’s argument 
that, on standards and innovation policy, China is going through a “… socialization process that is 
gradually encouraging more constructive behavior so that competition and cooperation occur within 
the context of a clearer set of boundaries” (Kennedy 2010). 
 

New Regulations for Patents Included in Standards 

As demonstrated, an important challenge for China‘s standardization 

strategy is that the role of essential patents in standards has dramatically 

increased.  As a result, China is under considerable pressure to come up with 

effective regulations on this issue.  On November 2, 2009, the SAC posted 

for public comment a draft of the Provisional Rules Regarding Administration 

of the Establishment and Revision of National Standards Involving Patents 

(the ―Draft Rules‖). 

These draft rules represent a much more aggressive approach than an 

earlier 2004 draft.  SAC signals that it intends ―using its powers to impose 

lower royalty rates on patent owners and encouraging the future use of 

compulsory licensing under the patent law to avoid perceived windfalls to 

patent owners—particularly foreign ones.‖79  The Draft Rules set out in detail 

the possible consequences in cases where a patent owner involved in the 

standards development process fails to disclose relevant information 

regarding its patents or pending patent applications. 

Article 9 of the Draft Rules foresees in the case of inclusion of IPRs in 

standards ―royalties significantly lower than a normal royalty.‖  In the case 

of non-compliance with the obligation of disclosure of patents during the 

standardization process, the IPR owner may face the entire loss of his 

property rights. In addition, the Draft Rules include policies that could 

constrain the transferability of licensing commitments during the process of 

adopting international standards as Chinese standards.  

This has raised substantial opposition in the international business 

community and complaints that the requirements of the Draft Rules are 

incompatible with the IPR policy of international standards bodies such as 
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 J. Simone and Jing He, “Standards in China: Intellectual Property,” Baker & McKenzie Client Alert, Hong Kong,  
      November 2009. 
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ISO, IEC and ITU.   However, initial fears about negative impacts on market 

entry for foreign companies may need to be reconsidered.  It seems that, in 

response to complaints by both Chinese and foreign organizations, Chinese 

authorities have toned down and softened some of the initially harsh 

requirements. According to some sources, SAC apparently has decided to 

delete the most controversial parts of the Draft. This includes the 

requirement in Article 9 of ―a significantly lower than the customary royalty.‖  

The new formulation—― a commitment to license on a RAND basis‖—would 

be in line with international practice.80  Informed foreign interview sources 

also expect that other initial requirements, such as the royalty-free penalty 

for not disclosing patents on time, will be watered down. 

If that assessment is correct, what explains the retreat?  It seems foreign 

complaints have played a role. According to one foreign analyst, Scott 

Kennedy, ―We heard that SAC received over 2,000 pages of comments and 

are not expected to issue a revised draft for some time, possibly to let things 

cool down …foreign industry and governments are an integral part of the 

Chinese policy-making process, and their involvement, along with that of 

pro-liberal Chinese firms and experts are a standard, routine part of the 

process which helps determine what policies are adopted.‖ 

It may well be that Article 9 of SAC‘s 2009 Draft Rules was too much 

focused on reducing the cost of technology licensing.  That may no longer be 

the primary concern of large and increasingly global Chinese companies (like 

Huawei) that have growing IPR portfolios and hence can negotiate patent 

swaps. Recent developments seem to support this assessment. For instance, 

the CNIS Disposal Rules for the Inclusion of Patents in National Standards, 

issued by SAC on January 21, 2010, no longer require that a holder of an 

essential patent commits to royalties that are considerably lower than 

normal royalty rates. In the Disposal Rules, third parties are simply 

encouraged to disclose potentially essential patents on a voluntary basis. 

But again, there remains a fair amount of ambiguity. For instance, the 

Disposal Rules provide no definition of essential patents. It is unclear 

whether ambiguity in this case reflects unresolved inter-agency rivalries or 

whether ambiguity is intended to provide greater flexibility to handle 

unexpected negotiation challenges that might result from rising complexity. 

However, one well-informed foreign interview source doubts whether the 

                                                 
80 RAND = Reasonable And Non-Discriminatory patent licensing terms; not the DoD think-tank 
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Disposal Rules indicate a softening of China‘s policy: ―On the contrary, this 

strengthens the implementation of the new policy by having a clear process 

in place.‖  Although not nearly as controversial as the SAC-proposed policy, 

many comments were received and, supposedly, CNIS is preparing a revised 

draft, or possibly just a final version, without another round of draft review.  

Some international organizations are attempting to arrange meetings with 

CNIS to discuss the main issues, in anticipation of not having another 

opportunity to comment in writing before a final policy is issued. Finally, 

recent revisions in China‘s Patent Law promulgated on October 1, 2009, may 

also indicate a partial relaxation of earlier more stringent requirements.81  

The law seeks to strengthen China‘s legislative and implementation 

framework for the protection of IPR, while at the same time promoting China 

as a research and development center for multinationals. Before the 

revision, China‘s Patent Law required that, for inventions made in China, 

patent applications had to be made first in China before filing for a patent in 

a foreign country. The rationale proposed for this requirement was to ensure 

that patents are exploited within China. The revised version of the Patent 

Law partially relaxes this requirement. The new Article 20 no longer requires 

a first filing in China. For inventions made in China, an applicant—Chinese or 

foreign—―could either file first in China, and then secure foreign filing 

permission from SIPO for foreign filing, or not file in China but directly 

requesting a security check for foreign filing permission.‖82 

The stated goal of the security check is to protect China‘s national defense 

interests or other vital national interests (Clark et al. 2010). Specifically, the 

implementation regulations of the new Patent Law require that, to file a 

patent application abroad, the applicant must submit a security check 

request form and a detailed explanation of the invention‘s technical solutions 

in Chinese.  It remains to be seen whether this ―security check‖ will work as 

a de facto restriction against foreign firms.  

A possible concern is the length of the waiting period. In fact, the Patent 

Law‘s Examination Guidelines state that ―… if the applicant does not receive 

the first notice within four months or the second notice within six months of 

submitting the request, the applicant may file abroad‖ (ibid.).  In the fast-

                                                 
81

 For details, see EU–China IPR2 2009. This document has been jointly sponsored by the European Patent Office 
      and the Chinese Ministry of Commerce. 
 
82 Zhang Yan, senior counsel, intellectual property law, IBM China, August 8, 2010. 
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moving ICT industry, where product life cycles can be six months or less, 

such long waiting periods may well constitute a fundamental entry barrier. 

However, some of our interview sources argue that these concerns may be 

exaggerated. For instance, one Chinese executive emphasized: ―My 

company is currently applying for both foreign patents and Chinese patents 

(different patent applications of course). I don‘t recall Chinese patent office 

ever rejecting our application based on that rules. Even if it was enforced, I 

can think of many ways to get around that in real practice.‖ 

Key Findings 

This chapter has documented a gradual progress toward greater openness, 

transparency and flexibility. This reflects genuine efforts to learn from 

mistakes.83  But there are also countervailing forces that seek to slow down 

these adjustments. For all three of the above recent policy initiatives, we 

find a fairly consistent pattern of China‘s response to foreign complaints. In 

Round One, PRC government regulations start out with quite demanding 

requirements that exceed established international norms.  

This typically gives rise to a wave of criticism from foreign enterprises and 

business organizations, but also from Chinese companies that have 

established a significant position in the international market and that have 

begun to accumulate a reasonably broad IPR portfolio. In response to this 

criticism, Round Two then led to some adjustments in PRC government 

regulations that combine a selective relaxation of contested requirements 

with persistent ambiguity.  

This, of course, raises two questions: What happens in Round Three or 

further rounds of negotiation? More importantly, is it realistic to expect 

substantial changes away from China‘s fundamental objective of using 

standards as a platform for fostering indigenous innovation? On the first 

question, most foreign corporate partners assume that Chinese authorities 

used the first round to gauge the international response and tend to 

backtrack in response to foreign complaints; in particular, if these 

complaints are well coordinated among the United States, the European 

Union and Japan.  Here are two examples of this perception84: 
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 An Baisheng, “China has learned not to make low-level mistakes such as failing to fulfill the WTO notification 
      obligations. China has also learned to better prepare for disputes in order to avoid unnecessary ones” (2009). 
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 Anonymous Chinese observers (quoted by Ernst;August and November 2010).  
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“In fact China has issued revisions recently that mitigated some of the more 
egregious requirements, such as that IP and trademarks had to be filed in China 
first. However, even as revised they will continue to be controversial”. 
 
 “SAC received so much push back from the international community that they 
may simply drop this issue, at least for a time, rather than releasing an updated IPR 
policy proposal.  They are also using the proposed CNIS policy as a bit of a test case; 
to at least gauge the international response to what amounts to a subset of the 
SAC proposal”. 

 

These assessments are in line with an interesting observation by Scott 

Kennedy (2010): ―We‘d need to see particular formulations  repeatedly in 

multiple documents to know if this is an oversight or a sign of something 

new... The real measure will be in actual contracts.‖  On the second 

question, foreign interview partners typically acknowledge that China needs 

to strengthen its homemade innovative capacity, but they are concerned 

that current implementation will have trade-distorting effects.  For instance, 

one foreign corporate partner argues that: 

“… not the basic policy is controversial but the impact on trade and market Access. 
We would wish that China is more sensitive regarding this link and chooses to (a) 
better communicate its policies; (b) better coordinate between ministries; (c) allow 
foreign companies/governments feedback and (d) carefully measure trade impact.  
China emphasizes time and again that this policy is not against anybody—it’s a 
development tool for its own benefit”. 

 

As for Chinese interview partners, most agree that on the first question, 

there is ample scope for ―modifications and improvements in technical 

terms.‖ On the second, however, Chinese observers believe that the answer 

is likely to be negative. Here are three illustrative quotes: 

“I do not think there will be fundamental change in China’s indigenous innovation 
policy. China will continue with its innovation support policies more or less in the 
same way as the European Union and United States are doing.” 
 
“One thing is sure; that China’s indigenous innovation policy will not have a big 
change; only it will open the public procurement to the TNC affiliates in China.” 

 
“China’s indigenous innovation policy certainly has been a controversial issue recently 
with some big name foreign companies crying over unfair competition.  But I am not 
sure if there will be any big changes soon because the old policy was in place to 
specifically encourage Chinese domestic companies to innovate and also to protect its 
market. “ 

 

This policy serves that interest well. So what‘s the incentive to trigger a 

change? Overall, this book finds sufficient evidence that pragmatism is on 

the rise. Of particular interest is a recent policy document, Decisions of the 
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State Council on Accelerating the Cultivation and Development of Emerging 

Strategic Industries [G.F. No. 32 (2010)], issued on October 29, 2010.85
  

This document contains guidelines for implementing the strategy of 

indigenous innovation to accelerate the development of seven technology 

industries (energy, biomedical, ICT, high-end manufacturing, new energy, 

new materials, and new energy autos). It is important to emphasize that 

public procurement is not mentioned once in this document. Instead the 

document emphasizes international cooperation; particularly in joint R&D 

and co-development of standards in China for the international market. In 

fact, Section VI contains an intriguing formulation. ―Encourage Chinese R&D 

institutes to participate in setting international standards while encouraging 

foreign-funded enterprises to participate in China‘s pilot projects that will 

form international standards.‖  

This formulation is in line with what commercial and Chinese government 

personnel stated throughout multiple literature and media citations. The 

document also notes that China will further open the market to foreign 

venture capital in these strategic industries.  Of course, the jury is still out 

on whether the above policy document constitutes an important shift in 

China‘s innovation strategy. However, it at least indicates there are 

important stakeholders pushing for greater openness and pragmatism in the 

Chinese strategy.  Is China‘s innovation glass half-full or half-empty? 

 

 

                                                 
85 For the 2010 Chinese document, see http://www.gov.cn/zwgk/2010-10/18/content_1724848.htm 

http://www.gov.cn/zwgk/2010-10/18/content_1724848.htm
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XVII 

 

This chapter examines recent developments in three major Chinese 

standards projects in the ICT industry (TD-SCDMA, IGRS and AVS) that 

started out with different business models, in terms of their reliance on the 

government and industry support. While earlier developments in these 

projects have been extensively researched (especially for TD-SCDMA), this 

study takes a fresh look and documents that current adjustments in their 

organization and management have produced institutional innovations and 

greater flexibility and pragmatism.86 Using the criteria for success developed 

in prior sections, the following questions will be examined for each of the 

projects: 

• What are the objectives of this project? 

• Has there been a change in the role of the government? 

• Who are the main stakeholders and how broad is the base of industry support? 

• What can we say about the impact of this project on China’s innovation capacity? 

 

TD-SCDMA87
   

China‘s TD-SCDMA mobile communications standard has received enormous 

attention in the media as well as in academic research. Some observers 

argue that the achievements of this standards project are limited and that 

they come at an extraordinarily high opportunity cost. For instance, Kennedy 

et al. (2008) predict that the TD standard is bound to fail, because no 

amount of government support and regulatory protection from foreign 

competitors can compensate for ―a relatively narrow coalition of industry 

backers, and the widespread dissemination of alternative standards,‖ i.e., 

W-CDMA and CDMA-2000.  

Duncan Clark argues that ―it will be a struggle for TD-SCDMA which faces 

hurdles of handset supply, a need for increased subsidies and insufficient 
                                                 
86 Recent developments in China’s WAPI standard are examined in Ernst and Martin 2010. 
 
87

 Liu 2007; Marukawa 2010; Stewart 2009; Whalley et al. 2009; Shen 2010; Chen and Wen 2010; Wu et al. 2010;  
      Suttmeier et al. 2006; Gao 2009; Clark 2009; and Zhan and Tan 2010. 
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support from vendors‖ (Clark 2009). But there are also more positive 

assessments. Gao Xudong (2010) from Tsinghua University‘s Center for 

Technology Innovation argues that ―TD-SCDMA has become a successful 

example of indigenous innovation,‖ but acknowledges that this standard 

needs to cope with big challenges such as: latecomer disadvantages, 

ambiguous government policies and conflicting stakeholder interests. 

A study funded by the Center for International Governance Innovation in 

Canada, and the German Leibniz Foundation, argues that, while the TD 

standard ―thus far is unproven commercially, … the lessons learned will 

benefit future related efforts in follow-on technologies‖ (Whalley et al. 

2009). A policy brief prepared by the China-EU Information Technology 

Standards Research Partnership concludes that ―TD is considered a major 

Chinese success story, and it is now being spoken of as a standard for 

export, particularly to developing economies. This success … [has] increased 

China‘s confidence and participation in 3GPP, ITU, and other 

telecommunications SDOs.‖88   

Objectives 

China‘s TD-SCDMA standard is not exclusively a national standard. It was 

jointly developed by the China Academy of Telecommunications Technology 

(CATT) and Siemens. A fundamental objective was to establish an 

international third-generation mobile telecommunications standard against 

the two dominant international standards, W-CDMA and CDMA-2000.  Given 

the global nature of the telecom industry (and the broader information and 

communications industry), it was clear that a Chinese 3G mobile standard 

had to have international recognition. 

China‘s TD-SCDMA standard is one of the five IMT-2000 standards for 3G 

mobile telecommunications accepted by the ITU in 1999, along with the EU‘s 

W-CDMA and the U.S. standard CDMA-2000.  In March 2001, the standard 

was adopted by the Third Generation Partnering Project (3GPP); making it 

an international standard.  An important objective is to reduce China‘s 

dependence on foreign technology in a sector that is critical not only for 

economic development but also for national security.  
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 China EU Information Technology Standards Research Partnership, European Policy Brief, March 2010. 
      Available at http://www.china-eu-standards.org/index.htm 
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An immediate operational goal is to improve China‘s bargaining position in 

licensing negotiations.  Specifically, it is expected that the TD project will 

contribute to the development of homegrown innovative capabilities and 

produce a critical mass of essential patents that Chinese firms can use to 

negotiate cross-licensing agreements.  This is in line with an important 2007 

study by Liu Xielin, who has played an important role in advising the 

government on its Medium- and Long-term National Plan for Science and 

Technology Development (2006–2020).  

Liu argues that, ―as Chinese companies have been locked out of existing 

second-generation GSM network development, this placed enormous 

pressure on the government to leapfrog the next generation technology so 

that Chinese companies can have more competence in the future.‖(Liu 

2007). According to Liu, this implies that the Chinese government should 

play ― a very important role in the catching-up process in the earlier stage of 

the process and that it is more important in leapfrogging than in path-

following catching-up.‖ (ibid.). 

At the same time, Liu emphasizes the importance of collaboration and 

alliances with leading foreign companies to gain access to the latest 

technology. Liu argues that, without such international cooperation, 

―catching-up is almost impossible‖ (ibid).  In fact, the TD standard contains 

a substantial share of foreign essential patents for major building blocks of 

this technology that are owned, inter alia, by Nokia, Ericsson, Siemens, 

Qualcomm, Motorola and Alcatel-Lucent.  Widely quoted estimates put the 

share of these six global companies of essential patents for the TD-SCDMA 

technology at between 36 and 66 percent.89  

As indicated later in this chapter, such patent data are problematic. 

Nevertheless, it is safe to assume that most of the essential patents that 

define the basic technological building blocks of the TD-SCDMA standard are 

owned by foreign companies.  The promoters of the TD standard were 

realistic enough to acknowledge that China‘s share of essential TD patents 

will remain limited for quite some time and that the only way to establish 

credibility was to choose the international standardization approach through 

ITU and the international consortium 3GPP. 

                                                 
89 The source for the 36 percent share is Telecomasia.net, November 14, 2008, at http://www.telecomasia.net/.  
      The Chinese journal IT Time Weekly (June 5, 2005, 23) is the source of the 66 percent share, as quoted in  
      Stewart 2009. 
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A second important objective has largely been neglected in the literature. 

Many of China‘s top decision makers are trained as engineers.  For them, it 

was attractive to have a standard to call their own in a strategic industry.  

As engineers, they were also fascinated by the promise of substantial 

benefits and cost savings that are inherent to the TD-SCDMA design. 

Siemens contributed patents of its own TDD standard, which had earlier 

failed to win acceptance within ETSI.  According to Siemens, the German 

company that initially played an important role in this project, the TD-

SCDMA standard was designed to provide the following benefits: 

• Lower investment costs than other 3G systems.
90

  

 
• Design is better suited for asymmetric 3G applications, like the 
mobile Internet, which is expected to become a major growth 
market in China. 
 
• Allows for a better utilization of scarce frequency bands than 
radio technologies, which require separate bands for uplink and 
downlink portions of the spectrum (such as GSM, EDGE, W-CDMA 
or CDMA-2000). Efficient use of the available spectrum is of 
critical importance for China’s densely populated urban areas 
(99 of its cities have more than 1 million inhabitants!). 
 
• TD-SCDMA’s carrier bandwidth of 1.6 MHz provides high 
flexibility in spectrum usage and network design. 
 
• Beam Steering Smart Antennas direct power to active mobile 
terminals only, enabling low power emission. 
 
• Reduced costs of transmission thanks to joint detection, smart 
antennas, and an accurate terminal synchronization. 

 

Of course, this description of TD-SCDMA benefits needs to be taken with a 

grain of salt.  There will always be tradeoffs between different technologies, 

and it is common practice for the proponents of a particular standard to 

highlight the benefits of their standard without comparing them with the 

benefits of other standards. 

Additional objectives of the TD-SCDMA project reflect China‘s latecomer 

status in leading-edge digital mobile communications technology. Interviews 
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 “In conventional 2G and 3G CDMA based systems, due to intra-cell interference, cell area is reduced when data  
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show that the key decision makers of the TD standard project are very 

conscious that they still have quite some way to go to catch up with the 

dominant international standards.  Major gaps that will need to be filled over 

the next few years include an extension of network coverage and substantial 

improvements in the performance and design of handsets and in services 

content. 

A particularly serious challenge is that China‘s wireless spectrum, especially 

the high-quality part, is extremely limited. Most high-quality spectrum parts 

are the preserve of the military and state broadcasters, not telecom 

operators.  As a result, the unchecked promotion of bandwidth-hungry smart 

phones, netbooks and data cards by Chinese operators will degrade the 

quality of China‘s mobile networks. This creates a dilemma for the 

development of the TD standard, which needs to expand its customer base 

especially for the more profitable, bandwidth-hungry applications. 

Furthermore, the TD project needs to find ways to compensate for the huge 

opportunity costs caused by the delayed introduction of 3G licenses in China, 

and its negative impact on the speed of innovation in 3G-related services 

and their early diffusion within the Chinese market.91  In addition, the delay 

of MIIT‘s decision on 3G licenses enabled a myriad of illegal producers of 

Shanzhai handsets to enter the market.   

Rather than investing in R&D, these companies use ready-made chipsets 

designed by Taiwan‘s MediaTek as a quick and low-cost way to gain market 

share.  In 2009, Shanzhai handsets were estimated to have at least a 40 

percent share of the Chinese handset market (Chen and Wen 2010, quoting 

data from DigiTimes, June 2009). 

On a more fundamental level, the TD project seeks to avoid mistakes made 

earlier in Japan and Korea. In both countries, the local market was so 

competitive and the operators so demanding that local manufacturers 

exhausted their development capacities to serve a low-margin, cut-throat 

market. Promoters of China‘s TD standard claim that they have studied why 

Japan has not been able to become a global market leader in 3G, despite its 

pioneering role as a lead customer market, and despite the presence of 

strong and highly innovative companies (NEC, Panasonic, Toshiba, Sharp 

and others). 
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 Clark 2009. 
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China‘s TD project also seeks to learn from Korea‘s experience. That 

country‘s strategy was to leapfrog into the most advanced type of CDMA 

instead of licensing the initially dominant GSM standard.  As GSM and the 

less-advanced W-CDMA technologies cover 80 percent of the world, Korea‘s 

overly ambitious strategy backfired and has slowed down, at least initially, 

exports for Samsung and LG. 

In short, the strategic objectives of the TD standard project are broad and 

multi-faceted, reflecting China‘s latecomer status in this industry.  Hence, 

while commercial indicators like market share, ROI, and rents from 

innovation are important, they are insufficient to assess the broader impact 

on China‘s economic development.  There is a growing consensus in China 

that the ultimate litmus test of success or failure of the TD project is 

whether it will enable China to become a co-shaper of next-generation 

mobile telecom standards such as TD-LTE. 

Business Model and the Role of Government 

China‘s TD standard project started out with a business model that is typical 

of the traditional Chinese standards system:  A top-down, government-

centered approach focuses on technology development using research 

institutes and state-owned enterprises (SOEs) as primary carriers that 

neglects market development and standards implementation.  

The interesting question, of course, is whether globalization and rising 

complexity has forced the government to adjust its support policies, giving 

rise to changes in the TD standards business model. Right from the 

beginning, the government has played a very active role, both in the R&D 

and in the commercialization of TD-SCDMA.92  

As argued by Shen Xiaobai (2010), this is in line with earlier developments 

in other countries, when these countries were still in the process of 

constructing their telecommunications infrastructure. In addition, the 

telecommunications sector lends itself most easily to deep government 

involvement, due to the critical importance of frequency allocation, which is 

government controlled. 

Backed by a fund of RMB 700 million, MIIT asked Datang (an offspring CATT 

established as an SOE) to establish the TD-SCDMA Industry Alliance (TDIA) 

                                                 
92

 See the excellent discussion of the much-neglected early history of TD-SCDMA and the deep involvement of the  
      government in Marukawa 2010. 
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with seven Chinese manufacturers as founding members, including Huawei, 

ZTE, Potevio and Lenovo. The fund was used to pay licensing fees to CATT 

for related patents. In addition to creating an SOE (Datang) as project 

leader and providing funds, the government has shaped the development of 

the TD standard with three important policy instruments: 

• The government provided preferred access to the frequency 
spectrum for the TD standard. 
 
• It delayed the licensing of 3G technology in China until the TD 
standard had sorted out its main teething problems. 
 
• The government charged China Mobile, the dominant mobile 
operator, with the development of the TD network, despite the 
fact that China Mobile would have preferred to use the W-CDMA 
standard. The transition to W-CDMA would have been much easier 
from China Mobile’s existing 2G GSM standard. It also would have 
been faster and more profitable, and might well have created more 
innovative, market-leading, and customer-friendly services. 

 

China‘s government initially used a coalition of CATT and SOEs as main 

carriers of its policy. However, as Gao Xudong (2010) emphasizes, the 

implementation of this policy was substantially constrained by ambiguity 

that resulted from inter-agency rivalries within the government; which 

reflected the conflicting interests of major stakeholders. 

Interviews show that this policy ambiguity results from the unresolved 

tension between the objectives of China‘s telecommunications, industrial and 

media policies, and China‘s national security requirements. For example, 

while China‘s industrial policy is primarily interested in developing a strong 

domestic industry base for the TD technology, telecommunications policy 

and telecom operators are primarily interested in a fast and cost-effective 

expansion of the network and the quality of its services.  

A younger generation of telecom technocrats in China has been exposed to 

the international telecom market and is eager to unleash the huge 

innovation potential of the mobile market. In addition, telecommunications 

policy is primarily interested in open and easy-to-manage networks with low 

overall life-cycle operating costs.  

In contrast, both China‘s media policy and its security apparatus support 

more restrictive policies. This raises an important question: How has the role 

of the government in the TD project been adjusted to cope with these 
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conflicting interests? Potential catalysts for changing the role of the 

government are four important recent developments: 

i) Delayed 3G technology licensing as part of a restructuring of the Chinese telecom sector; 
ii) The Beijing 2008 Olympics; 
iii) The anti-crisis stimulus package in the spring of 2009; and 
iv) The 2010 Shanghai World Expo.  
 

In all of these cases, implementation remained decisively top-down, but 

there are signs that the content of policies is shifting gradually towards 

signaling opportunities, reducing risks and engaging in R&D and related 

support activities.  The restructuring of China‘s telecom industry received a 

big push in September 2008 when SASAC (China‘s State-owned Assets 

Supervision and Administration Commission) ordered China Mobile to 

transfer USD $7.3 billion to China Unicom.  

The main objective, apparently, was to break China Mobile‘s de facto 

monopoly position—an objective that thus far has remained elusive. In 

December 2009, China Mobile reported a 71.3 percent share in China‘s 

subscriber market share, way ahead of China Telecom and China Unicom. 93 

In December 2008, MIIT announced that it would issue 3G licenses in early 

2009, expecting that this would generate RMB 200 billion (USD $29.1 billion) 

in investments by the three operators. Specifically, China Mobile has 

received the TD-SCDMA license; China Unicom has merged with China 

Netcom and concentrates on W-CDMA (the European standard). China 

Telecom received the CDMA-2000 license and was ordered to take over the 

mobile operations from Unicom that use the U.S. standard CDMA.  

Underlying this decision was the expectation that Unicom and Telecom will 

fiercely compete to catch up with China Mobile. In addition, all three 

operators are required to reach an agreement on infrastructure sharing 

before the licenses can be awarded. MIIT‘s decision to grant 3G licenses 

both to the dominant global standards and to the TD standard indicates 

greater pragmatism.  It is debatable, however, as to whether this was a 

conscious decision motivated by a concern for healthy innovation policies.  

Accepting the leading global standards has perhaps more to do with the slow 

development of the TD-SCDMA industrial value chain, the lack of attractive 
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 See China Mobile 2010 Annual Report at http://www.chinamobileltd.com/ir.php?menu=3 
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TD handsets and the resultant reluctance of China‘s telecom service 

providers to use the TD standard.  Pragmatism, however, goes hand in hand 

with persistent attempts to shape competition. In January 2009, MIIT 

announced a significant increase of funding for the development of the TD 

standard. According to Li Jinlang from MIIT‘s Commission of Electronics, 

Science, and Technology, RMB 100 billion were to be allocated to TD 

development, as part of the economic stimulus package.  This compares to a 

total of RMB 170 billion that were assigned for investment in the 

construction of 3G mobile communications infrastructure as part of China‘s 

RMB 4 trillion stimulus package (Ernst 2009).  

MIIT‘s announcement is quite explicit that it expects Chinese companies, and 

especially Huawei and ZTE, to benefit the most, while the share of non- 

Chinese equipment vendors is expected to decline. To achieve this goal, 

MIIT has expanded its arsenal of promotional policy tools for the TD 

standard, to include the following measures: 

• Companies that are involved in TD development can access existing 
government funds for the electronics industry. 

• Government procurement will be used to foster TD applications in e-
government, wireless city, rural informatization and e-business projects. 

• The approval process for TD projects will be streamlined and accelerated. 

• Support for TD network construction will be made more effective by 
ensuring good location and power supplies for base stations. 

• Government procurement of TD handsets and data cards will be expanded. 

• TD will receive special frequency spectrum allocations to cover rural areas. 

• MIIT will provide specialists and consulting services to support TD handset 
manufacturers. 

• Owners of networks that refuse to share infrastructure with the TD 
network where it is deemed necessary will face punishment. 

 

In addition, MIIT announced policies to prohibit TD users from migrating to 

other networks, as well as an unspecified proposal to ―limit the import of 

foreign technologies.‖ 94  This indicates that old habits die hard. While the 

overall thrust of MIIT‘s approach is moving toward promotional policies, the 

legacy of market regulation remains alive.  An important new development is 

that there is now an intensive debate in China about inherent disadvantages 

of policies that place too much emphasis on market regulation. For instance, 

Cheng Dejie, an influential telecommunications policy blogger, argues that 

                                                 
94  Interfax TMT China Weekly, January 17, 2009. 
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as long as China Mobile will not be fully exposed to competition with W-

CDMA and CDMA-2000, it will have little incentive to improve the TD 

standard and its services.  Support for the TD standard is necessary, but it 

should come through tax rebates and other incentives rather than through 

the government procurement market; which tends to create over-priced 

white elephant systems.95  Most importantly, the focus of China‘s policy 

debate has shifted beyond the 3G standard to the question what policies are 

conducive for China to become a co-shaper of next-generation mobile 

telecom standards such as TD-LTE.  

TD-LTE builds on China‘s TD-SCDMA standard, and has the full backing of 

the 3GPP as part of its overall Long Term Evolution (LTE) standards project 

for next-generation mobile network technology. The main advantages of LTE 

are high throughput, low latency, flexibility through combining FDD and TDD 

in the same platform, an improved end-user experience and a simple 

architecture resulting in low operating costs. 

The 2010 Shanghai World Expo helped to accelerate the transition. 

Today, leading telecom equipment vendors from China as well as foreign 

companies are competing as suppliers of TD-LTE test networks. Chinese 

firms, in particular Huawei and ZTE, have already made substantial 

investments in the development of TD-LTE. In November 2009, Huawei 

announced the deployment of the world‘s first TD-LTE trial network with an 

actual download speed of up to 29Mb/s for China Mobile.  

Huawei‘s trial network was inaugurated on April 15, 2010 by China Mobile 

(Digtimes, April 16, 2010). Motorola, however, was faster. The company 

announced on February 24, 2010, that it had successfully deployed a TD-LTE 

network for the Shanghai 2010 World Expo. Motorola‘s announcement states 

that ―… these advancements demonstrate another milestone of collaborative 

industry efforts on TD-LTE commercialization, reaffirming Motorola‘s 

commitment to address the future needs of TDD spectrum operators in 

China and around the world.‖ 96  

                                                 
95 Quoted in Interfax TMT China Weekly, January 10, 2009. Cheng Dejie, a graduate of the University of Electronic  
       Science and Technology of China, is a senior analyst in Sichuan Communication Research Planning & Designing 
       Co. Ltd. His blog is available at http://blog.sina.com.cn/teletech 
 
96

 See http://www.prnewswire.com/news-releases/motorola-deploys-worlds-first-td-lteshowcase-network-at-
shanghai-expo-85269367.html, 
 

http://blog.sina.com.cn/teletech
http://www.prnewswire.com/news-releases/motorola-deploys-worlds-first-td-lteshowcase-network-at-shanghai-expo-85269367.html
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Competition is very intense; and managing this increasingly complex 

industry value chain is no longer possible through the traditional, top-down 

approach with a focus on market regulation.  More subtle and sophisticated 

forms of government support are required to coordinate the transition to TD-

LTE.  An additional complicating factor is that the TD-LTE standard has to 

compete with UBM (ultra mobile broadband) and WiMAX (Worldwide 

Interoperability for Microwave Access), two alternative approaches to next-

generation mobile communications technology. LTE is derived from the 3G 

technologies W-CDMA and TD-SCDMA. UBM is based on Qualcomm‘s 3.5G 

technologies EV-DO; which in turn are developed from the 3G standard 

CDMA-2000.  

WiMAX is promoted by a global alliance whose core members include Cisco, 

Intel, Motorola, Nokia and Samsung; as well as Huawei and ZTE from China.  

There is much at stake for China‘s government, and failure to build on the 

huge investments for TD-SCDMA to co-shape the TD-LTE standard is really 

no longer an option.  If the transition to TD-LTE would fail, some of the 

overseas executives emphasize that: 

• “Chinese people may lose their faith in future domestic technological innovation”; 
 

• The belief of Chinese customers that “foreign technology is always 
superior to Chinese technology” would be reinforced; 
 

• The Chinese government would hesitate to support further domestic 
innovation and standards; and 
 

• Investors (both domestic and foreign) would be less willing to 
provide risk capital for domestic innovations. 

 

In fact, a failure of TD-SCDMA might well have broader and potentially 

serious negative implications for China‘s foreign policy and economic 

diplomacy, especially in developing countries (African countries, Iran, and 

others), which serve as test beds for Chinese technology. Given their 

resource constraints, these countries are willing to use cheaper, unproven 

Chinese technology, but they still view Chinese technology as inferior to 

Western technology (even though that may not be the case). Were TD-

SCDMA to fail, it would be a big strike against China‘s image as an emerging 

global technology supplier.  

This might well impair China‘s efforts to capture overseas markets for green 

technology, bio-technology, railway infrastructure and defense equipment. 

What matters for the evolution of China‘s standardization strategy is that a 

successful transition to TD-LTE technology requires substantially improved 
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inter-agency cooperation. This is necessary to cope with the complex 

requirements of harmonizing standards and patent sharing for a diverse 

portfolio of information and communication technologies. It will be 

interesting to watch how effective the Chinese government is in bringing 

about this change over the next few years. 

Organization: Stakeholders and Industry Support 

Initially, China‘s TD-SCDMA standard could only count on a narrow industry 

support base; consisting primarily of a handful of Chinese SOEs and public 

research institutes. There now are signs of a significant broadening of that 

base and leading foreign companies are beginning to be seriously involved. 

Possible explanations are the pull effect of China‘s massive investments in 

telecom infrastructure and the significant profit opportunities inherent in the 

transition to TD-LTE. 

To understand what is happening, let us look at the evolving organization of 

the TD standards project. Two organizations have been created around the 

TD standard, the TD-SCDMA Industry Alliance (TDIA) and the TD Forum. 

Unfortunately, only limited information is available in the public domain on 

the precise tasks of both organizations and their division of labor.97
 There is 

also no information available on either organization‘s English or Chinese 

website about the types of membership arrangements; the rights and 

obligations of members; or bylaws and policies on IPR. 

Given these data constraints, the following observations need to be taken 

with a grain of salt. It seems that TDIA is the more important institution. 

TDIA has close links to the powerful Hi-Tech Industry Department of NDRC, 

and has the mandate to define strategy and execute policies to develop and 

implement the TD-SCDMA standard and products. TDIA requires its 

members to share IPR and, therefore, most of its members are Chinese 

companies. The TD Forum, on the other hand, seeks to commercialize and 

internationalize the TD standard. It also seeks to broaden the involvement of 

international firms.98 
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 TDIA Secretary General Yang Hua and Assistant Secretary General Zhao Sen; Insights into the origins and  
      evolution of the TD-SCDMA project (quoted by Ernst October 2009). 
 
98 The TD Forum website shows that 47 out of the 324 members are foreign companies, around 15 percent. 
      Two membership categories exist.  Board members “have the right to manage the Forum … and the strategy…. 
      Senior members don’t have these privileges.”  Of the 13 board members; 7 are foreign companies (53 percent),  
      and Nokia-Siemens Networks’ Manager of Standardization Work in China is the TD Forum vice president.  
      Of the 40 senior members; 22 are foreign companies (55 percent). 
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The TD-SCDMA Industry Alliance (TDIA) 

TDIA‘s mission is to ―promote industry and market growth for the TDSCDMA 

technology.‖ 99  Specifically, TDIA is responsible for the following eight tasks: 

1. Foster the development of an integrated industry chain, by promoting related investments; 

       2. Continuous improvement of TD-SCDMA and TD-LTE technology standards; 

       3. Lobby the government “to implement favorable industry policies”; 

       4. Organize experiments and tests; 

       5. Global marketing; 

       6. Conduct R&D to disseminate technologies and standards; 

       7. Develop a plan for the sharing of intellectual property rights (Patent Pools); 

       8. Develop a platform for cooperation among TDIA members. 

 

This mission is reflected in the organizational structure of TDIA, which 

consists of the General Assembly, the Council and the Secretariat, under 

which there are four Working Teams: the TD-SCDMA IPR Management 

Team, the Industry Projects Management Team, the Administration Team, 

and the Propaganda Team.100 Yang Hua, TDIA‘s secretary general, is a 

former Datang senior engineer with strong links to the Chinese Air Force.  

He was head of R&D on TD-SCDMA at CATT from 1999 to 2002. Before 

joining CATT, Yang was engaged in missile technology R&D at the 

headquarters of the Air Force. He also was a member of the Experimentation 

Engineering Committee on Unmanned Aircraft of the China Space Navigation 

Association. Yang received his bachelors degree from the Air Force 

Engineering University in Xi‘an in 1982. 

According to the TDIA website, ―TDIA members are committed to conduct 

and promote research, development, production, manufacture and service of 

the TD-SCDMA standard and products.‖  Out of a total of 37 TDIA members, 

two are FIEs (Alcatel Shanghai Bell and UTStarcom), and two are Chinese 

research institutes (CATT and Wuhan Research Institute of Post and 

Telecommunications). Of the 33 Chinese member companies, one company, 

Commit (N.B. No relationship to USA publisher of this book), has gone 

out of business, so this list may be dated. What matters is that no foreign 

company is part of the seven core members. 

                                                                                                                                                             
 
99 Yang Hua, “Industrial Chain of TDD & Development of TD-LTE Industry”; Conference presentation July 30, 2010. 
100

 http://www.tdscdma-alliance.org/english/asp/tdia2.html 
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It is safe to assume that decision power is largely shaped by NDRC and 

MIIT, together with China Mobile and a small group of SOEs (such as Datang 

and Potevio). This indicates that TDIA is still a relatively closed organization, 

with limited influence from outsiders, and especially from foreign companies.  

However, the real question is to what degree the transition to the much 

more demanding TD-LTE standard will lead to a gradual opening up of the 

TDIA governance structure.  Foreign companies now play an important role 

in R&D for TD-LTE technologies and standards in four out of the five major 

building blocks.  The question is whether this will be reflected in changes in 

the TDIA organization. 

For instance, four foreign companies (Ericsson, Nokia-Siemens, Alcatel- 

Lucent and Motorola 101) participate in TD-LTE system design, together with 

Datang, Potevio, Huawei and ZTE. Following a request by SASAC, Datang 

and Potevio are scheduled to merge in early 2011 to become China‘s third-

largest telecom equipment vendor (―Datang, Potevio to Merge,‖ 

www.telecomasia.net, July 16, 2010). Both are struggling for growth and 

profitability as the big investment push from China‘s stimulus package 

comes to a close. 

For chip sets (which integrate much of the system‘s key functions), the 

foreign lead players are Qualcomm, NEC, Taiwan‘s MediaTek102 and 

Freescale, competing against five Chinese companies (Leadcore, T3G, 

Spreadtrum, Innofidei and Huawei‘s chip design affiliate Hisilicon). Thanks to 

its booming China business, Taiwan‘s MediaTek is now seen by analysts as a 

global tier-1 semiconductor company; ranked ahead of traditional industry 

leaders like Texas Instruments and Infineon. 

For testing, Agilent and Rhode & Schwartz will play a leading role103 and, for 

handsets and other terminal equipment, Nokia, LG and Motorola are in 

leading positions relative to Lenovo and Hisense.  Note, however, that three 

Chinese companies (Haitian, Mobi  and Tongyu) are the only participants in 

smart antenna development; which is a critical building block for TD-LTE. 
                                                 
101 However, in July 2010, Nokia-Siemens bought Motorola’s mobile network infrastructure unit; beating Huawei,  
        which had also placed a bid (“U.S. Government Divided on how to Tackle Huawei,” Financial Times, July 30,  
        2010). 
 
102 EETimes Asia, July 21, 2010. 
 
103

  http://www2.rohde-schwarz.com/en/technologies/cellular_standards/td-scdma/information/; August, 2010. 
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According to its website, Rohde & Schwarz offers integrated test solutions 

for TDSCDMA and TD-LTE from R&D up to production. 

Greater openness to foreign participation 

There are signs that the TD-SCDMA standards project is opening up to 

foreign participation. One possible reason is that foreign companies are 

needed to overcome key bottlenecks that China is facing in the transition to 

4G TDLTE technologies. Foreign firms, partly in response to the global 

economic crisis, also have much stronger incentives to engage with China‘s 

TD-SCDMA and TD-LTE projects.104 

For example, Dell is integrating TD-SCDMA data cards in its computers sold 

in China, while Microsoft cooperates with Datang on the joint development of 

data card drivers; applications based on the Windows 7 operating system;  

TD-SCDMA solutions and applications based on the Windows Mobile 

operating system; and value-added services  

Judging from market presence, it seems that Samsung and LG have been 

the keenest among foreign firms to be a part of the TD project. Nokia, which 

has long resisted participation, has now become an active contributor. For 

lack of other market opportunities, Nokia seems to have decided to look 

more seriously at China‘s TD market. Much is at stake—in 2008, China (plus 

Taiwan and Hong Kong) accounted for more than 16 percent of Nokia‘s unit 

sales and 14 percent of its total revenue.  

In October 2008, Nokia-Siemens Networks (NS) expanded its TD-SCDMA 

service team to 1,200 as part of its cooperation with China Mobile in the 

construction of Shenzhen TD network. One month later, Nokia signed a deal 

with China Mobile to develop dual-mode TD/GSM handsets based on its 

Symbian S60 operating system. And in February 2009, Nokia announced 

that its China Nokia affiliate would not be affected by the drastic cost-cutting 

program that hit all other parts of Nokia. 

But equally important are links with Taiwanese firms. For instance, since 

January 2009, the China Telecommunication Technology Lab (CTTL) and 

MediaTek are cooperating on handset testing and standardization for the 

TDSCDMA standard. 105  CTTL‘s expectation is that MediaTek will be more 

                                                 
104 (Interfax TMT China Weekly; July 26, 2008). 
 
105 Interfax TMT China Weekly; January 10, 2009. 
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effective in attracting global handset leaders like Nokia than Spreadtrum and 

other Chinese chip designers who had previously been given lead 

responsibility.  Mediatek is now the only viable TD chip maker who can play 

this role; as Commit has collapsed, Spreadtrum has accumulated heavy 

losses and T3G has been taken over by the former IC division of Philips 

(following its sale by Datang). For MediaTek, a big attraction of participating 

in China‘s TD standard projects is that this enables the company to shake off 

its bad reputation as a provider of chips for illegal Shanzhai handsets.  

China‘s TD projects are now a major attraction for Taiwan to increase its 

economic cooperation with China. In February 2009, for instance, CCSA and 

CESI announced at the 5th Cross-Taiwan Straits Information Industry 

Technology and Standard Forum that Taiwan‘s laptop and netbook 

producers, such as Asus and Acer, have started or plan to start producing 

netbooks and laptops containing TD-SCDMA WLAN cards.106  

In addition, HTC, one of Taiwan‘s most innovative ICT companies, signed a 

cooperation agreement with China Mobile in August 2009 to design and 

produce TD smart phones based on China Mobile‘s handset operating system 

OMS (Open Mobile System). 107  China Mobile is reported have paid HTC $ 

6.88 million USD for R&D on TD handsets and 4G handsets. In turn, China 

Mobile expects that HTC will be able to deliver high-quality smart phones at 

a lower price than global industry leaders. 

This Cross-Taiwan Strait cooperation on TD and other ICT industry standards 

is bound to receive a significant boost by the Economic Cooperation 

Framework Agreement (ECFA) signed by China and Taiwan on June 29, 

2010.108 Leading Taiwanese ICT companies, from silicon foundries TSMC and 

UMC, to chip design companies and equipment producers, will now face 

fewer restrictions on joint engineering and R&D projects in China. In this 

context, the substantial market and investment opportunities of China‘s 

transition to TD-LTE technology will exercise a powerful pull effect. In short, 

there is now sufficient evidence to argue that the support for China‘s TD-

                                                 
106 Ibid., February 21, 2009. 

 
107 Ibid.; August 22, 2009. 
 
108

 The purpose of this agreement is to “strengthen economic trade and investment cooperation between China  
        and Taiwan by progressively reducing and eliminating restrictive measures to trade in services and by  
        improving the simplification of investments and industrial interaction and cooperation” (Baker & McKenzie,  
       “Client Alert: ECFA Signed Between China and Taiwan,” July 2010). 
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SCDMA and TD-LTE standards projects is serious and broad enough to 

sustain and expand those standards, at least within the China market. The 

big unanswered question, of course, is whether and when both standards 

will be able to compete in foreign markets. MIIT announced in May 2009 

that it wants the TD standard to gain a 20 percent share of the international 

3G market by 2020, with a focus on penetrating emerging markets in Asia, 

Africa, and Latin America. 109  But by then, next generation mobile 

communication technology will offer significantly better performance and 

much lower operating costs than 3G technology. 

The TDIA website mentions TD trial networks in Korea and Taiwan, 

established in cooperation with Korea Telecom and Taiwan‘s Industrial 

Technology Research Institute (ITRI). But according to one interview source, 

who requests anonymity, the sole purpose of these trial networks is to test 

equipment and terminals made by Korean and Taiwanese manufacturers 

who want to sell their products to operators and equipment manufacturers in 

China. 

Impact on China’s Innovation Capacity 

Serious data problems make it difficult to assess how China‘s innovation 

capacity has been affected by the TD standards project.   A detailed analysis 

of China's evolving innovation capabilities will be conducted in a joint EWC-

IGCC project as part of SITC program. Useful proxy indicators are changes in 

R&D activities by Chinese firms that are participating in the TD projects. 

R&D trends 

The analysis focuses on handset makers (which are essential for overcoming 

the TD standard‘s handset bottleneck); chip design companies (which 

provide chipsets with key functions for the TD handsets) and Datang, an 

equipment producer which, as a spin-off from CATT, was at the center of 

creating the TD standards.  Chinese mobile phone vendors over the last few 

years have lost their erstwhile strong market position to global market 

leaders like Nokia, Samsung, Motorola and LG.  

The Chinese companies lost because they lacked their own intellectual 

property for key technologies; making them dependent on foreign 

technology for items such as: base band and radio frequency chips, multi-

layer printed circuit boards and camera modules.  As the Chinese companies 

                                                 
109 Interfax TMT China Weekly; May 23, 2009. 
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have to pay high licensing fees; their profit margins remain wafer-thin with 

little room for R&D investment. Many of China‘s mobile handset vendors see 

the TD standards as a lifeline for their survival. They hire engineers when 

China Mobile announces subsidies for handset R&D or a new round of 

handset tenders.  But these firms also fire these engineers at short notice 

when they are not among the winners of those tenders or when those 

tenders are reduced in volume. Hence, it is almost impossible for these 

Chinese handset firms to develop a critical mass of R&D personnel to 

internalize learning effects from TD-related projects. 

In addition, legal Chinese handset producers are under attack from a 

growing number of illegal producers of Shanzhai handsets which, as 

mentioned earlier, in 2009 had at least a 40 percent share of the Chinese 

handset market.  As too many Chinese vendors have entered China‘s 

handset market, this has generated intense price wars and increased even 

further the barriers to R&D investment. The combination of persistently 

weak innovation capabilities of the legal Chinese handset producers plus the 

availability of cheap handsets explains why China Mobile is still struggling to 

increase significantly the number of its TD-SCDMA handset subscribers. To 

note the difference, in April 2010, the increment of second-generation GSM 

service subscribers of China Mobile was more than six times larger than its 

increment of TD-SCDMA subscribers (Marukawa 2010). 

A more positive picture is emerging for Chinese chip design companies, 

thanks largely to the support of dedicated quasi-government agencies.  

While one company (Commit) went out of business, it seems that a major 

reorganization initiated by the government has been successful. There is 

now an explicit division of labor between three Chinese chip design 

companies: Spreadtrum focuses on TD chips for smartphones; Leadcore on 

TD chips for netbooks; and CYIT on next-generation TD chips.110
   

Spreadtrum, which was originally funded by U.S. venture capital firms, is 

now closely linked to and supported by the China Communications 

Technology Labs (CTTL) to expand its TDrelated R&D.111 Finally, Datang, a 

founding member of the TDIA, is constantly struggling with financial 
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problems that constrain its capacity to fund R&D. In 2009, Datang had a 

total TD-related R&D budget of RMB 1.2 billion (USD $176 million), of which 

TD data cards received RMB 96.01 million (USD $14.04 million), TD data 

fusion technology RMB 191.72 million (USD $28 million) and bank cards RMB 

172.02 million (USD $25.16 million). Datang seeks to fund its R&D through 

private share placement. The company‘s major challenge is a heavy debt 

burden, primarily through bank loans. This matters, as Datang is China 

Mobile‘s third most-important TD equipment supplier, after ZTE and Huawei, 

and ahead of Nokia-Siemens and Potevio.  

To consolidate Datang‘s finances, SASAC requested on July 26, 2010, that 

Datang and Potevio merge in early 2011. Overall, these examples paint a 

mixed picture, where substantial support from the government and quasi-

government institutions is needed to back up and sustain TD-related R&D 

activities. As this support is focused on incentives and the provision of public 

goods, its contribution to China‘s innovation capacity may be more 

sustainable than earlier forms of top-down market regulation. 

Patent data 

Another proxy indicator are patent applications at SIPO related to TD-

SCDMA and TD-LTE. The analysis of patent data faces serious 

methodological problems that are widely discussed in the literature. This is 

especially the case for essential patents. To start with, there are no shared 

definitions of what constitutes ―essential patents.‖ According to the President 

of BDA (China); a telecommunications consultancy:  

―Different companies have their own interest in promoting their share of the 

standard, so it is very hard to get a consensus view on this. Even companies 

that believe they have key IPR in the standard have to make a political 

decision about whether they want to press that claim in China and risk 

damaging their business in other technologies or give China a pass on a 

standard they may believe will not ultimately be successful in the market 

and focus instead on making their money from W-CDMA products, for 

example, instead of TD royalties‖ (Dean 2009). 

An even greater problem is a lack of reliable information in the public 

domain on the distribution of essential patents for the TD-SCDMA standard. 

Data from a study by Wang Xiaoxing and Cheng Lili show that, by October 

2006, 214 TD-SCDMA–related patents had been filed at SIPO, of which 148 
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covered TDD and 66 SCDMA.112 Of the 148 TDD–related patents, Chinese 

firms owned 29.7 percent, while Siemens had 22 percent and Qualcomm 6.1 

percent. For the 66 SCDMA-related patents, Chinese firms claim ownership 

for 51.5 percent of those patents, while Siemens, the originator of that 

technology, claims a 21.2 percent share.  Unfortunately, this source does 

not distinguish between invention patents and utility patents (many of which 

have very low or even no technical innovation). 

Of particular interest are recent SIPO patent data for digital smart antennas 

(the so-called beam steering smart antennas) which are an important core 

technology of the TD-SCDMA standard (Wang and Dai 2008). Initially filed 

by Beijing Xin Wei Telecom Technology in 1997, domestic filings have been 

surpassing foreign filings since 2003; with foreign filings declining since 

2004.  Of the 632 patent filings for smart antennas until the end of 

November 2007, 355 were domestic filings (56 percent).  301 of the 

domestic filings are for invention patents (85 percent); with 77 granted.  

This indicates a fairly successful track record of Chinese innovation in digital 

smart antennas.  Another sign that this is one of China‘s strengths is that six 

of these 355 domestic filings have been submitted to WIPO as PCT patent 

filings; of which one patent has been granted until the end of November 

2007. Other SIPO data indicate that Chinese firms now concentrate on the 

commercialization of TD-SCDMA technology (Wang and Dai; 2009).  

A focus of patent filings on end user applications and service innovation is 

indeed of great importance for the development of the TD standards. This 

emphasis on end-user-related application patents also could help to 

strengthen China‘s bargaining power in price and licensing fee negotiations.  

As for next-generation mobile technology, by February 2009 a total of 170 

Long Term Evolution (LTE) patents had been filed with SIPO, mainly for 

architectural and application patents. Chinese companies are reported to 

have filed more LTE patents than foreign companies. A major challenge for 

China is that the cost of LTE technology will be heavily influenced by the 

price of IPR licensing for the critical OFDM technology.   

OFDM stands for Orthogonal Frequency Division Multiplexing, a modulation 

technique for transmitting large amounts of digital data over a radio wave, 
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and is a fundamental building block for next-generation communication 

technologies.  OFDM is conceptually simple, but its implementation relies on 

complex, very-high-speed digital signal processing, and this has only in the 

last few years become available at a price that makes OFDM a competitive 

technology in the marketplace. OFDM has developed into a popular scheme 

for wideband digital communication, whether wireless or over copper wires, 

used in applications such as digital television and audio broadcasting, 

wireless networking and broadband Internet access.  

In fact, a number of international consortia, like Sisvel, Via Licensing and 

MPEG LA are working to create patent pools designed to bring more 

predictable costs to the LTE world. Hence, progress in China‘s TD-LTE 

standards project would seem to depend on whether and how China is able 

to participate in and co-shape the policies of these OFDM-related patent 

pools. Of particular interest is that Chinese companies (Huawei, ZTE, the 

chip design company Innofidei and Datang) and leading Chinese universities 

(Tsinghua University, Beijing University of Post and Telecommunication, 

Shanghai Jiao Tong University, Xi Dian University and Xi‘an Jiao Tong 

University) have all filed patent applications for OFDM; which is an important 

base technology for next-generation LTE technologies. 

In short, the above findings on patent data related to TD-SCDMA and TD-

LTE technologies provide room for cautious optimism. These data show 

clearly that filing activity by Chinese organizations for TD-related patents 

has substantially increased. This in itself is a positive development. Much 

more important is a qualitative aspect. The above patent data clearly 

indicate much more focused efforts to improve the quality of the 

domestically generated patent portfolios; and to be more selective or 

realistic in the choice of priorities. 

Future Prospects 

This book suggests two alternative scenarios concerning the future prospects 

of China‘s TD-SCDMA and TD-LTE standards projects:  

In a negative scenario, the government retains control over the telecom 

sector and continues to impose from the top restructuring by fiat. Techno-

nationalism plus security interests dominate strategic and tactical decisions; 

preventing a flexible and pragmatic response to changes in technology and 

markets. Under a negative scenario, inter-agency rivalries will continue and 

prevent China from reaping the benefits of technology convergence between 



20-20 Hindsight 
 

 401 

communication, computing, consumer electrics and information security 

technologies. In such a policy environment, the TDIA would remain relatively 

closed and it would make little progress in improving transparency.  Finally, 

state-owned enterprises, under the guidance of MIIT, would continue to play 

key role in the development of China‘s TD standards. Specifically, the 

government might place its bets on the forthcoming merger of Potevio and 

Datang. The evidence presented on recent changes in the TD project makes 

it quite unlikely that such a negative scenario will materialize.  

However, given the messy and unpredictable nature of standardization 

processes and the lack of transparency in Chinese policy-making, it cannot 

be excluded that bits and pieces of the negative scenario may continue to 

accompany China‘s TD standards project.  Such analysis, however, gives 

greater credence to a positive scenario where the main catalyst is a 

successful transition to the next-generation TD-LTE standard. In this 

scenario, the government will reduce (over time) its control of China‘s 

telecom sector; moving toward more indirect forms of coordination. 

Under a positive scenario, lobbying by global Chinese firms (like Huawei and 

ZTE) and some foreign ―China friends‖ with a long China presence (like 

Microsoft and Motorola) would help to contain the influence of techno-

nationalism; opening up new space for a flexible and pragmatic response to 

changes in technology and markets. There would be a conscious effort to 

reduce interagency rivalries in order to enable China to reap the benefits of 

technology convergence. 

Another important component of the positive scenario are adjustments in 

the organization and governance of the TD standards process. Specifically, 

the TDIA would continue to open up to a greater diversity of stakeholders 

including foreign companies.  In addition, greater emphasis would be placed 

on improving the transparency of corporate governance of SOEs like Potevio 

and Datang.  

Finally, new government policies would seek to generate new applications 

for TD standards through linkages with other Chinese standards like 

CMMB.113 China Multimedia Mobile Broadcasting (CMMB) is a mobile 

television and multimedia standard developed and specified in China by the 

State Administration of Radio, Film and Television (SARFT).  It is based on 
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the Satellite and Terrestrial Interactive Multiservice Infrastructure (STiMi), 

developed by TiMiTech; a company formed by the Chinese Academy of 

Broadcasting Science.  Announced in October 2006, it has been described as 

being similar to Europe‘s DVB-SH standard for digital video broadcast from 

both satellites and terrestrial repeaters to handheld devices.  

Serious efforts would be made to ‗rein in‘ the Shanzhai sector and to support 

the upgrading of a handful of the more successful Shanzhai companies, 

beyond the current success case of Tianyu Lantong.114 This positive scenario 

would be strengthened if the TD project would learn from the experience of 

the following two Chinese standards projects: IGRS and AVS. Those two 

projects are providing best-practice benchmarks for developing more 

sophisticated standardization procedures and IP policies for the TD standards 

projects. 

IGRS : A Pragmatic, Industry-led Approach with Chinese Characteristics The 

Intelligent Grouping and Resource Sharing (IGRS) standards project 

provides an interesting example of how much China‘s standardization 

landscape has changed over the last few years. IGRS represents a 

pragmatic, industry-led approach to the development of interoperability 

standards that enable the integration of digital computing, consumer and 

communications devices.   

The IGRS Alliance actively participates in international standardization and 

pursues a policy of ―gradually increasing the role of foreign companies.‖ 

However, the IGRS institutional set-up comes with Chinese characteristics, 

where a coalition of leading Chinese companies co-exists with strong 

government support. 

Objectives and the IGRS Business Model 

Established on July 17, 2003 by Lenovo and four co-founders (TCL, Hisense, 

Konka and China Great Wall Computer Shenzhen Co., Ltd.), the IGRS 

Alliance brings together some of China‘s leading electronics manufacturers of 

computer, consumer and mobile communications devices. The common 

interest of these five founding companies is to move beyond price 

competition and razor thin profit margins for stand-alone ―commodities‖ like 

TV sets, PCs, white goods and mobile handsets. The IGRS standards project 

offers these companies a way out of this ―commodity price trap.‖(Ernst; 

2007). A primary objective is to capture value from product differentiation 
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by developing application-level software that ensures easy compatibility 

among the above devices as part of integrated information systems for the 

digital home, the digital office -- or for mobile networks. 

The underlying assumption is that digitization, combined with the Internet, is 

bound to increase convergence among the so-called 3C technologies, i.e. 

between computing, consumer and communications devices.  In essence, 

the IGRS approach is to develop a protocol for advanced message, data-

based exchange and network management that defines connections between 

and among computing, consumer and communications devices. IGRS reports 

that by late 2007, it had released more than 20 compliant products 

(primarily PCs, TV sets and mobile phones) with a combined 5 million in unit 

sales. The significance of such figures is debatable; as it is unclear what 

features were the key selling point of the products.115 

The potential for 3C convergence has been debated for quite some time. 

Until now persistent market barriers have constrained the growth of 

demand. Main barriers to the growth of the digital home market include: the 

lack of truly easy-to-use and affordable devices; lack of home networking 

integrators and lack of unified interoperability standards.116 Yet, 

expectations are running high.  A recent report projects that the global 3C 

convergence market for the digital home will be worth EUR 149 billion in 

2013. 117 

Hence, it is hardly surprising that IGRS is not alone in its attempt to create 

interoperability standards for complex integrated information and 

communication systems. A similar vision is pursued by the Digital Living 

Network Alliance (DLNA), a global standards consortium that seeks to create 

interoperability among disparate devices in the ―digital home.‖  

Within China, IGRS faces competition from the Home Network Standard 

Industrialization Alliance (Itophome) project which, like IGRS, traces its 

origins to government initiatives in 1999 to develop Chinese home 

networking standards (Kennedy; 2006). But Itophome differs in two 
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important respects from IGRS. Unlike IGRS, Itophome addresses exclusively 

the digital home market, focusing on low data rate connections. Second, 

Itophome‘s strategy and policy decisions are dominated by Hai‘er, China‘s 

leading consumer electronics company, which apparently has made it 

difficult to attract other influential companies, both from China and from 

other countries.118 The member list on the itophome website shows a total 

of 14 companies, of which two are foreign companies (Daewoo and 

Freescale).  It is unclear whether this information is current. There is no 

information available on different types of membership arrangements and 

bylaws and policies - for example on intellectual property rights in patents.  

In June 2005, six home network standards were approved by the Ministry of 

Information Industry as industry standards. In 2006, Itophome apparently 

signed a cooperation agreement with the WAPI Association, but there is no 

more recent information available (Feng and Wu; 2009). More recently, 

Itophome has submitted proposals to IEC committees TC 100 and TC 59 for 

Home Multimedia Gateways and Requirements for Networked House 

Appliances in the Home Network.119  IEC/TC100 is IEC‘s technical committee 

for audio, video and multimedia systems and equipment. IEC/TC 59 is the 

IEC Technical Committee for the performance of household and similar 

electrical appliances. 

 

The Global Standard: The Digital Living Network Alliance (DLNA) 

Established one month earlier than IGRS, DLNA was founded in June 2003 

by leading companies from the computer, consumer electronics and 

communications industries including: Sony, Philips, Hewlett-Packard, 

Matsushita, Microsoft, Intel and Nokia.120 

DLNA published its first set of Interoperability Guidelines in June 2004 and 

the first set of DLNA Certified products began appearing in the market soon 

thereafter. The latest version of the DLNA Interoperability Guidelines, 

version 1.5, was published in March 2006, and then expanded in October 

2006.  These guidelines enlarge the capabilities of a DLNA-defined network 

to include more home and mobile devices. They also include specifications to 

allow secure transmission of copyright-protected commercial digital content. 

A critical component of the DNLA business model is its certification program: 
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To become certified, device manufacturers need to submit their products for 

extensive testing. Microsoft‘s support for DLNA in its Windows 7 program is 

expected to spark significant growth in DLNA-enabled devices—sales are 

projected to surpass a billion units by 2014, up from a few hundred million 

in 2009. However, it may take several years before large numbers of 

consumers use the technology, as ―… the number of consumers who realize 

it has this functionality and understand its implications continues to be very 

low.‖121 

Looking at the DLNA membership list of more than 245 companies, one finds 

a ―Who‘s Who‖ of leading players in the emerging digital home industry.122  

DLNA members include consumer electronics, computer and mobile device 

manufacturers; as well as component and software developers. Major Asian 

and Chinese companies play an important role. For instance, Huawei, LG and 

Samsung are promoter members, and contributor members include six 

Chinese companies (among them leading IGRS members Lenovo, Hisense, 

Neusoft  and ZTE) and 17 companies from East Asia (exclusive of Japan); 

mostly from Taiwan. 

This indicates that the competitive dynamics in the 3C industry has 

significantly changed. While Kennedy et al. (2008) argue that ―there is little 

in the way of entrenched technology for IGRS … to overcome,‖ this is clearly 

no longer the case. In fact, Michael Ding, the director for international 

cooperation of the IGRS Information Industry Association, emphasizes that 

there is ―resistance and hostility from others, especially from the European 

Union, because major corporate interests ... didn‘t want too many 

standards.‖123   

For instance, Philips, with its proprietary Nexperia platform standard, is one 

of the incumbent industry leaders that would have much to lose from new 

competing standards. There is no information available in the public domain 

on the relative shares of DLNA, IGRS and iTop-Home in the Chinese market. 

For IGRS, DLNA is both a competitor and a partner. Both groups compete 

fiercely in China‘s digital home market.124  But IGRS also sees substantial 
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opportunities for cooperation. This is because IGRS covers a broad array of 

markets outside the digital home, including the digital office, integration of 

mobile devices and possible applications for China‘s smart grid program.   

As a result, ―…we are also collaborators in terms of interoperable 

technologies as the underlining connectivity technology used in DLNA (which 

is UPnP) can interoperate with IGRS provided both sides improve their 

specifications release,‖  IN1004647RC, Scottsdale, Arizona, July 2010.125 

According to In-Stat, handsets, PCs and digital televisions will account for 74 

percent of the DLNA market.  Universal Plug and Play (UPnP) is a set of 

networking protocols promulgated by the UPnP Forum. The goals of UPnP 

are to allow devices to connect and to simplify the implementation of 

networks in the home (data sharing, communications and entertainment) 

and in corporate environments.  

UPnP achieves this by defining and publishing UPnP device control protocols 

(DCP) built on open, Internet-based communication standards. UPnP devices 

are ―plug-and-play‖ in that when connected to a network they automatically 

announce their network address and supported device and services types, 

enabling clients that recognize those types to immediately begin using the 

device. This broader specialization of IGRS beyond the digital home seems 

to go back to a request of MII (the forerunner of today‘s MIIT).  

When Lenovo asked the Ministry to approve IGRS in  2003, MII requested 

that IGRS should also address 3C convergence applications in the digital 

office and business environment.126 IGRS thus provides an interesting 

example of positive effects of government policies. Today‘s projections of 3C 

convergence markets are placing greater emphasis on the huge demand 

potential for applications outside the digital home, such as the smart grid, 

smart medicine and smart environmental protection systems. 

Main Stakeholders 

Government 

China‘s attempts to establish 3C convergence standards go back quite some 

way and were driven by Chinese industry. But, as described by Kennedy 

(2006), the government has played an important role right from the 
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beginning. Interviews with IGRS indicate a considerable diversity of 

approaches used by different government agencies. The China Electronics 

Standardization Institute (CESI) acts as the main liaison to the Chinese 

government and provides a space for dialogue.127 CESI is a research 

institute like the CNIS, but it is linked to MIIT.  Its main function is to 

provide suggestions to SDOs on how to select standards, organize industry 

stakeholders, and develop national and industry standards that support the 

objectives of MIIT, the industrial policymaker, and SAC; the standardization 

policymaker.  This is in line with CESI‘s main task, which is to provide 

guidance on how to draft standards, and to offer ―public service platforms‖ 

to diverse stakeholders in standardization within the government, companies 

and other organizations (research institutes and universities). 

Within the government, multiple agencies have played different roles in the 

development of the IGRS project and different agencies have different 

expectations. For instance, NDRC has provided seed funds for the IGRS 

National Engineering Laboratory in Shenzhen, established in February of 

2009 as a non-profit organization. The main functions of the IGRS lab in 

Shenzhen are to develop reference designs and key building blocks of the 

IGRS standard platform and to develop marketable  products. 

These public funds are matched by private funds from the IGRS lab‘s 

sponsor companies to guarantee that ―companies are serious about making 

the Lab a success.‖128  In line with NDRC objectives, the lab‘s main objective 

is to provide the essential infrastructure necessary for the dissemination of 

the IGRS standard and for developing it into an ISO/IEC international 

standard. Other government agencies involved in projects undertaken by the 

IGRS lab include MIIT, MoST, the Beijing Municipal Commission of 

Development and Reform, the State Intellectual Property Office of PRC, the 

Beijing Municipal Science and Technology Commission, The People‘s 

Government of Beijing Municipality, the Administrative Committee of 

Zhongguancun Science Park, the Beijing Municipal Bureau of Industrial 

Development and the Beijing Bureau of Quality and Technical Supervision. 

Industry support 

The key to success for any standards project is to strengthen the role of 

industry, especially the private sector, and to monitor and to hold firms 
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accountable for their use of incentives and subsidies. Once the initial 

catching-up phase is over, equal treatment should be provided to domestic 

and foreign firms. IGRS still has some way to go before it can achieve this 

goal. A review of the most recent publicly available IGRS membership list 

helps to identify the main stakeholders. It also gives us a clue of the 

increasing, albeit still limited, role of foreign firms. 

Significantly, IGRS has successfully expanded its membership roster from 59 

in 2006 to a grand total of 142 in July 2010.    Of these 142 members: 89 are 

Chinese companies (63 percent), 32 are Chinese universities, research 

institutes or technology service providers (22 percent) and 21 are foreign 

firms (15 percent). The IGRS constitution clearly defines the rights and 

obligations of four different membership categories: core members, 

promoting members, ordinary members, and observers.  It is interesting to 

note that IGRS has four such membership categories, while DLNA has only 

two (promoters and contributors). 

This possibly indicates that in China the task of balancing the diverse 

interests of different stakeholders may be quite demanding, as there are not 

yet well-established rules on how to sort out possible conflicts. Core 

members shape the agenda of the IGRS project. Each core member pays an 

annual fee of RMB 100,000 and it has one vote on each matter that requires 

voting within the IGRS Alliance.  The 14 core members of IGRS are: 

• The founding companies 

   (Lenovo, TCL, Konka, Hisense and Great Wall Technology) 

• Other leading Chinese companies  and 

   (Changhong Electronics, Skyworth, CNC Broadband, Huawei and Midea) 

• Chinese institutes  

   (CESI, the Hong Kong Applied Science and Technology Research Institute (ASTRI) and the IGRS lab) 

 

There are no foreign companies among IGRS core members. Promoting 

members have the right to draft specifications and submit proposals, but 

they have no voting rights. Each promoting member pays an annual fee of 

50,000 RMB. Among the 41 promoting members: there are seven foreign 

companies (17 percent); of which three are from East Asia. Of particular 

importance are Korea‘s LG and Europe‘s Philips. In addition, there are 10 

Chinese research institutes (24 percent); with Chinese companies accounting 

for 59 percent of the promoting members. 
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Ordinary members pay a 20,000 RMB annual fee and can attend all 

IGRSAlliance committee and subcommittee meetings, but cannot draft 

specifications or submit proposals. Among the 48 ordinary members, there 

are eight foreign companies (17 percent); of which five are from East Asia 

(including the China R&D Center of Samsung Electronics). There are 18 

Chinese institutes (38 percent) which include: Peking University, Tsinghua 

University, the Institute of Computing Technology of the Chinese Academy of 

Sciences, the Beijing Post and Telecommunications University and leading 

universities from other parts of the country.   

This provides a powerful dissemination mechanism for IGRS reference 

design and platform standards. Observers pay an annual fee of RMB 5,000, 

and can attend the IGRS Alliance conference and access relevant documents 

and published standards and related tools. Six of the 39 observers (15 

percent) are foreign companies‘ of which two are from East Asia.  The 

overall picture that emerges is that IGRS has made quite some progress in 

terms of broadening the industrial support base beyond producers of final 

consumer, computing and communications devices to include a wide range 

of specialized suppliers of components, subsystems, application or system 

software and essential support services. 

IGRS has made great strides in increasing its foreign membership, at least 

starting from the level of promoting members. To get there was not easy; as 

by 2004 there still was no foreign IGRS member. Initially, the government 

was quite reluctant; fearing that foreign participation would provide global 

industry leaders with a backdoor to raise licensing fees and/or to block 

domestically developed international standards.  

Of critical importance was the active participation of IGRS members and 

staff at international standards development organizations; especially in 

ISO/IEC working groups. In addition, IGRS follows established international 

guidelines on licensing fees or disclosure and has adopted innovative 

procedures (developed by CESI and as part of the AVS standards project) to 

minimize possible negative effects. 

Conclusions: How IGRS Differs 

The IGRS business model differs from the traditional Chinese standardization 

approach that is led by a research institute or a university in collaboration 

with a ministry. That traditional approach is focused on research and 

technology development where success is measured by the construction of a 
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prototype as well as where industry support is typically lacking or 

implementation, especially market promotion, remains weak. The IGRS 

approach, however, is industry-led; where success means improvement of 

international competitiveness.  This was something of a revolution. 

In addition, IGRS has developed its business model through a conscious 

effort to learn from other standards development organizations and from 

talking to people outside of China. Many of these foreign ideas are very 

good—they have participated in many standards groups; especially in 

ISO/IEC and learned from competition and participation. IGRS has fought 

hard to increase foreign participation in its technical working groups. The 

underlying rationale is, as Michael Ding puts it: ―We can‘t shut out the best 

technology or procedural ideas from a group and as long as they the 

foreigners don‘t become a blocking entity, it is better to have them inside 

and participating rather than outside.‖  

In short, it is time for the international standards community and for 

academic researchers to acknowledge that the Chinese standards system is 

no longer monolithic. Instead of an exclusive reliance on a top-down 

approach to standardization led by the government, China is now witnessing 

the emergence of diverse and often hybrid standardization projects that mix 

and match elements of industry-led and market-oriented approaches with 

the traditional reliance on government. 

China today provides an experimentation field for new approaches to 

standardization that seek to combine the advantages of a bottom-up, 

market-led approach with a unified strategy designed and implemented in 

cooperation with the government. Policymakers and corporate executives in 

the United States, as well as in the European Union and Japan, would be well 

advised to study these Chinese institutional innovations and to learn from 

them. 

AVS : A Public–Private Partnership for Developing Open Standards China‘s 

AVS (audio and video coding standard) Working Group provides an 

interesting example of how China is developing institutional innovations to 

reduce constraints to standardization that result from widespread strategic 

practices of leading owners of essential patents. The AVS standard 

demonstrates a growing willingness of Chinese standards development 

organizations not only to learn from international best-practice processes, 
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but also to involve leading foreign experts as sources of critical knowledge 

for institutional innovations. 

A Pragmatic and Flexible “Business Model” 

The AVS standard has its origins in the Institute of Computing Technology of 

the Chinese Academy of Sciences (ICT/CAS).  Gao Wen, the chair of the AVS 

Working Group, was among the researchers from ICT/CAS and other 

institutes that discussed this idea at the March 2002 Xiangshan Science 

Conference on ―Broadband Network and Security Stream Media Technology‖ 

in Beijing. This led to the establishment of the AVS Working Group in June 

2002, and approval by the MII (the forerunner of today‘s MIIT) on December 

9, 2002. Officially approved as a ―national standard‖ in March 2006, AVS is 

an audio-video coding/decoding technique focused on the compression and 

decompression of video images and sound. Gao Wen now directs the 

Institute of Digital Media Technology at Peking University. He is the head of 

the Chinese delegation to the ISO/IEC JTC1 SC/WG11(MPEG) and a member 

of the Chinese People‘s Political Consultative Conference (CPPCC). Of 

interest is his international exposure:  

In addition to a Ph.D. in computer science from Harbin Institute of 

Technology, Gao holds a Ph.D. in electronic engineering from Tokyo 

University and was a visiting scientist in the Robotics Institute of Carnegie 

Mellon University and at MIT‘s Artificial Intelligence Lab. AVS includes four 

main standards: system, video, audio and digital rights management. In 

addition, AVS includes a support standard for conformance testing.  

Initially, the primary motivation for developing the AVS standard was to 

reduce the high licensing costs for essential audio-video patents. In 2005, 

for instance, a Chinese producer of DVD players had to pay a licensing fee of 

$20 each for a device that in China is priced at $50 (40 percent of the ex-

factory price).  In Japan in the same year, the maximum licensing rate as a 

percentage of the ex-factory price of a DVD player was below 10 percent.129 

Competing against a dominant standard 

At the beginning, AVS faced a considerable challenge. It had to compete 

against a highly successful international standard, established by the Moving 

Picture Experts Group (MPEG), a working group of experts that was formed 

by ISO and IEC to set standards for audio and video compression and 
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http://www.itu.int/ITU-T/worksem/vica/docs/presentations/S3_P4_Gao.pdf


20-20 Hindsight 
 

 412 

transmission.130 In 2006, the H.262/MPEG2-Video and H.264/AVC standards 

were voted as the most influential area of the standardization work of the 

ITU-T (and its predecessor, the International Telegraph and Telephone 

Consultative Committee [CCITT]), in their 50-year history. ―ITU Corporate 

Strategy Newslog: Video Coding Work Voted Most Influential‖.  

The H.264/AVC standard has every chance to repeat the success of MPEG2 

in establishing a new global de facto standard to be used in digital media 

(Blu-Ray), telecommunications (video-conferencing), TV/SAT (DVB), and the 

Internet (YouTube, QuickTime Player, Media Player and so on). MPEG-2 

covers digital TV set top boxes and DVD. MPEG-4 is the standard for 

multimedia for the fixed and mobile web. H.264/AVC is integrated into three 

mobile TV standards: T-DMB (South Korea), DVB-H (EU) and MediaFLO 

(Qualcomm). For mobile communications, H.264 has been adopted by 3GPP 

and it is about to be adopted by 3GPP2. 

Today, MPEG LA provides licenses to several hundred patents owned by 26 

global industry leaders and research institutes, claimed to be essential to 

H.264/ AVC implementations.131 As a result, companies around the world 

can create products that will interoperate with one another, provided they 

are willing to pay the required licensing fees. Under pressure from industry, 

the licensing fees for the MPEG4 have been substantially reduced, and MPEG 

LA is now charging substantially lower licensing fees for H.264/AVC than for 

MPEG-2 for each device. But a new kind of licensing fee on service operators 

has stirred up vehement debate. 

An “under-dog” strategy 

Given the overwhelming dominance of the MPEG standards, AVS has decided 

that a direct attack against the H.264/AVC standard would be unrealistic. 

AVS thus takes a very different approach from WAPI, which initially had 

attempted a direct attack against the dominant Wi-Fi standard. Instead, 

China‘s AVS standard seeks to exploit existing weaknesses and loopholes of 

the leader. This ―under-dog‖ strategy of avoiding a direct attack on the 

dominant players had the advantage that the incumbents initially paid little 

attention to the emergence of this new competitor. This provided a window 
                                                 
130
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of opportunity for AVS, a latecomer with little prior expertise in 

standardization. Specifically, the AVS strategy is focused on the following 

objectives. First, develop an audio-video coding standard with almost the 

same performance as H.264/AVC. AVS differs from H.264/AVC in terms of 

technical performance and in its IPR licensing policy. In terms of technical 

performance, AVS is positioned between MPEG-2 and H.264/AVC. AVS offers 

data compression rates two or three times higher than MPEG-2. Compared 

to MPEG4/H.264, AVS is less complex while producing image quality nearly 

identical to HDTV images. However, AVS lags behind in terms of quality of 

service, support and network externalities. 

A second objective of AVS is to avoid paying licensing fees to foreign patent 

holders, or at least to reduce those fees. That objective has been achieved; 

as the royalties charged for both MPEG standards have been substantially 

reduced (although it is impossible to establish what role precisely the 

establishment of AVS has played). Broad industry rejection, especially from 

broadcasters and other global users of MPEG standards, was arguably the 

main reason for the reduction in licensing fees (Huang, Gao & Reader 2009).  

However, the existence of AVS may well have been perceived by MPEG LA as 

one of the threats that figured in their revision of MPEG4 license terms but 

Microsoft‘s preemptive announcement of a 25-cent fee for the VC-1 standard  

was a major factor.  In short, the AVS approach seeks to combine learning 

from best practices in order to accelerate capability development with a 

focus on the provision of lower-cost, viable alternatives. 

Sources of Learning and Industry Support 

A third objective of the AVS business model is to develop a broad, 

supportive industry coalition that includes major international stakeholders 

in AV technologies. AVS has placed particular emphasis on learning best-

practice approaches from diverse sources of knowledge by opening up its 

IPR Working Group to experienced international experts. A case in point is 

the recruitment of Cliff Reader (who previously served as co-founder and 

chair of the MPEG4 subcommittee and as head of U.S. delegation), as chair 

of the AVS IPR subgroup.132 That AVS subgroup brings together engineers, 

patent attorneys, contract attorneys and experts with experience in setting 

up patent pools from Asia, Europe and North America. About 30 of the 

roughly 175 AVS Working Group members are foreign companies including: 
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Broadcom, Cisco, Freescale, IBM, Intel, LG, Matsushita, Microsoft, Motorola, 

Nokia, NXP Semiconductors, Philips, Samsung and Texas Instruments as full 

members -- Alcatel, Ericsson, France Telecom, Hitachi, Marvell Technology, 

MediaTek, NEC Electronics, Sony, STM Microelectronics, Toshiba and Vimicro 

as observers. 

Interviews with AVS show that its leadership is very conscious of the need to 

broaden its industry support across the entire value chain of AV products 

and services, including suppliers of key components. Apart from learning 

effects, this is necessary to improve the chances of penetrating new markets 

for next-generation technologies such as: mobile multimedia broadcasting 

(CMMB), terrestrial broadcasting, IPTV (Internet broadcasting) and high-

definition video disk technologies. Take IPTV; which provides multimedia 

services delivered over IP-based networks at the required level of quality of 

service, security, interactivity, and reliability (as defined by ITU-T FG IPTV). 

The mission of FG IPTV is to coordinate and promote the development of 

global IPTV standards; taking into account the existing work of the ITU study 

groups as well as standards developing organizations, fora and consortia. 

With MIIT acting as vice chairman, China actively participates in ITU-T FG 

IPTV.  

Out of six working groups; two are chaired by Chinese companies that are 

members of the AVS Working Group: WG3 (service security and content 

protection) and WG5 (terminal systems and interoperability). An important 

question for future research is what role AVS is playing in the IPTV 

standardization activities of ETSI and ATIS. And what role, if any, does AVS 

play in related standards such as: HD-DVD (CBHD), DTV (DTTB/DTTV) and 

CMMB. As the result of three years of efforts in ITU-T IPTV activities, AVS 

was approved as one of the four video standards (H.264, AVS, VC-1, and 

MPEG-2) for IPTV.133 

AVS Policies on Intellectual Property and Patent Pool Management 

AVS policies on intellectual property and on patent pool management are 

designed to provide incentives for all members so that they ―agree to put 

their IP contributions into a pool  in order to make money by product, not by 

patent.‖134 An additional objective is to simplify licensing by creating a one-
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stop shop for an entire suite of essential patents‖ at a low price.135
 Attempts 

to establish open standards face multiple barriers. Technology-centered 

competition implies that ―companies always try to establish proprietary 

standards‖ (Huang and Reader 2009).  Proprietary standards generate 

higher profit margins, and hence are an essential tool for exercising market 

control. Proprietary standards also enable a company to shape future market 

direction and technology roadmaps. When open standards exist, leading 

companies with broad patent portfolios will try to control them through self-

declared essential patents and the imposition of licensing fees through 

patent pools. Unfortunately, existing ―open standards‖ policies by SDOs and 

standards consortia are unable to cope with these barriers. In fact, the IPR 

policies of most standards bodies can bind members and new IP, but they do 

not cover non-members and legacy IP. The obligation is limited to the 

disclosure of ―known‖ related IP. Most importantly, the established principles 

to achieve results that are demonstrably fair and transparent—the so-called 

RAND or FRAND principles—leave undefined how precisely to measure 

―reasonable‖ and ―fair‖ outcomes (Tapia 2009).  

To cope with the challenge of elusive open standards, AVS has developed an 

impressive set of institutions and policies; some of which constitute 

institutional innovations in their own right. In practice, three principles are 

guiding AVS IPR policy. The first AVS principle is the need to protect the IPR 

of patent holders. This is in line with established international practice. AVS 

acknowledges that this is a necessary condition for establishing a broad-

based supportive industry coalition. A second principle is an ex ante 

commitment when signing the membership agreement to license on declared 

basic terms.  But this commitment applies only to the specific subgroup in 

which the member participates. Subgroups include standards for audio, 

video, systems and digital rights management; among others. Subgroup 

members must declare two default licensing obligations, choosing from two 

options: 

1. royalty-free (RF) and participation in the AVS patent pool for implementations 
in China; and 
 
2. royalty-free (RF), participation in the AVS patent pool and RAND licensing 
conditions for implementations outside China. 

 

A third AVS principle is the obligation to disclose ―known related patents.‖ 

The disclosure is based on actual, reasonable knowledge, not exhaustive 
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search. This builds on disclosure and commitment principles developed in 

the VCEG group for H.264, but AVS has refined these concepts. According to 

Cliff Reader: 

―… attorneys for organizations involved in standards have always insisted on 

this wording so far. Partly this is because attorneys are always paranoid. 

Partly it is from genuine fear that without rigorous infringement analysis on 

an organization‘s entire patent portfolio, even the patent holder itself doesn‘t 

know whether its patents are related. Partly it‘s because attorneys want to 

keep all options open. Until the explosion of activity in the last 10 plus years 

to monetize patent assets, this may have been reasonable. Now however, it 

is inconsistent to exert these assets for monetary gain, while arguing there 

is no accurate or complete inventory of the assets. Imagine if a landlord was 

coy about rental policy, and retained the flexibility to change the terms of 

rental from whole building to individual rooms.‖  

It is important to emphasize that AVS IPR policy adds precision to the 

established ISO/ITU policy. At AVS, members must select a default licensing 

obligation, choosing between RF, AVS pool or RAND. Members also must 

disclose possible patents in their proposal. Of particular interest is the 

approach AVS has chosen to manage its patent pool. The over-riding 

concern is to establish a process that is widely accepted by different 

stakeholders (both Chinese and international ones) as ―demonstrably fair 

and transparent.‖  Here is how Cliff Reader, the chair of the AVS IPR 

subgroup, describes the process that the AVS patent pool has developed to 

enable an independent evaluation (IE) of essential patents: 

―Since this is China‘s first domestic patent pool, we wanted to assist Chinese 

organizations that would be submitting patents for evaluation for the first 

time. Naturally we wanted a process that was demonstrably fair and 

transparent. We formed a small committee to define the IE selection 

process. All AVS Patent Pool Management Committee Members were invited 

to join this group, but naturally only a few members did so. Fortunately this 

group included experienced licensors and licensees as well as newcomers 

(e.g., emerging Chinese companies) and was reasonably representative of 

the AVS membership. We were concerned that the IE process should not be 

compromised, and considered several approaches, such as multiple 

independent evaluators who would be selected in a blind choice for a given 

evaluation. But we also wanted consistency, so we designed a process with 

one principal independent evaluator, and an appeals process with a 
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completely independent evaluator. We set prioritized criteria for selection of 

the evaluator—independent qualified patent attorney, experience in claim 

construction and infringement analysis, technical experience, dual-language 

skills. We designed a selection process — performed by PPA 

management…[i.e. AVS patent pool management] …, initial search for 

qualified candidates, interview of short-list candidates, proposals including 

financial terms, selection. We prepared Guidelines for Submitters. We held a 

seminar for Submitters. We allowed Chinese organizations to submit one 

patent for evaluation before an open call was made, and evaluated those 

patents first as a learning process. (It was arduous). … It was only after all 

of these preparations that … we made an open call for essential patents.‖ 

Conclusions: How AVS Differs 

The example of China‘s AVS project demonstrates in a nutshell the 

challenges faced by a latecomer to standardization like China when it seeks 

to establish policies and support institutions for standardization that reflect 

its unique requirements but at the same time guarantee a reasonable degree 

of fairness and transparency. This example may also help to counter 

arguments that Chinese standardization processes ―always‖ lack fairness and 

transparency. While the learning process in China may be ―arduous,‖ there is 

a genuine commitment on the Chinese side to develop demonstrably fair and 

transparent processes. This book finds that the AVS Working Group has 

pursued a pragmatic approach that avoids direct confrontation with global 

standards leaders and instead seeks to exploit their existing weaknesses.  

Implementing this pragmatic approach requires a capacity for flexible 

adjustments in cases where policies are producing unexpected negative 

results. Equally important has been a capacity to learn from best practices 

and weaknesses of international standards bodies. The AVS Working Group 

can draw on a broad supportive industry coalition that includes major 

international firms and research institutes across the industrial value chain 

of audio-video products and services.136 Finally, this study finds that the 

AVS Working Group has developed an intellectual property policy that seeks 

to establish open standards through a process that is demonstrably fair and 

transparent. To achieve this goal, the AVS project has introduced a 

sophisticated and flexible approach to implementing the AVS patent pool. 
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XVIII 

 
 
Main Findings 

This case study documented the rapid pace of change in China‘s standards 

system, in its institutions and management practices; and in three important 

standardization projects (TD-SCDMA, IGRS and AVS). In a very short time, 

China has substantially improved its capacity to develop and implement a 

broad set of interoperability standards, security protocols and product 

specifications as an enabling platform for the development of indigenous 

innovation.  Recent developments in the above standards projects indicate 

that both the government and industry are learning from mistakes and that 

there are attempts to shift to a more flexible and pragmatic approach. 

Developments in China‘s TD-SCDMA project indicate a gradual shift toward 

greater openness and transparency. While the implementation remains 

decisively top down, there are signs that the contents of policies are shifting 

toward coordination and the provision of support services. MIIT‘s decision to 

grant 3G licenses both to the dominant global standards and to the TD 

standard signals that policy is moving away from regulating the market to 

promotional policies.  

But that move comes with a strong caveat: Chinese companies are expected 

to benefit the most.  With the transition to next-generation mobile telecom 

standards, there is greater openness to foreign participation. R&D and 

patent data add to a picture of an overall positive impact of this project on 

China‘s innovation capacity. 

In addition, the analysis of China‘s IGRS and AVS standards projects shows 

that both projects are providing best-practice benchmarks for developing 

sophisticated standardization procedures and IP policies that are 

demonstrably fair and transparent. While both projects had to go through an 

arduous learning process, they have succeeded in developing institutional 

innovations that have allowed them to overcome their latecomer 

disadvantage. 



20-20 Hindsight 
 

 419 

However, the case study also highlights countervailing forces in China that 

seek to slow down these adjustments. This reflects the diversity of 

stakeholders and their conflicting views on the purpose of standardization. 

To capture the subtleties and nuances of the complex process of Chinese 

policy-making, it is necessary to study in depth the motivations of different 

Chinese stakeholders in innovation and standardization. For China‘s 

standardization strategy, three main stakeholders are seeking to impose 

somewhat conflicting objectives: 

• Those who support compliance with the international standardization system  
   (e.g., exporters and leading Chinese firms with a critical mass of IPRs) 
 
• Those who use standards as a tool to reduce technological dependence and to develop 
    indigenous innovation capabilities  
(e.g., parts of the domestic high-tech industry, R&D labs, universities &  large sections of 
general public) 
 
• Those whose main objective is to protect China-based information systems against  
 perceived threats through robust information security and certification regulations  
(e.g., China’s National Information Assurance Policy Framework Multi-Level Protection 
scheme, issued by the Ministry of Public Security in June 2007 and CNCA’s Information 
Security Testing and Certification Regulations) 

 

Debates on China‘s indigenous innovation policies need to take into account 

the fact that such policies differ across countries; reflecting the unique 

characteristics of a country‘s economic institutions, its stage of development 

and its culture and history. For China, with its planned economy legacy, this 

means that the state will continue to play an important role as a creator of 

institutions (including a robust legal framework) as tools for strengthening 

China‘s indigenous innovation. 

This case study found that China‘s standards system is defined by two 

fundamental characteristics that distinguish it from standards systems in the 

United States, the European Union and Japan.  It is important to keep these 

distinguishing features in mind when assessing recent developments in 

China‘s standardization strategy. 

To begin with, compared to the extended history of standardization in 

Europe, the United States and Japan, China is a relative latecomer. The 

speed of learning and institutional adjustments has been impressive: In a 

very short time, major standards projects have been initiated in the 

strategically important ICT industry. Yet China still has a long way to go to 

develop a broad-based and sophisticated standards system. This reflects the 
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huge gap between the speed of China‘s resurgence as an economic power 

and the country‘s capacity to develop appropriate institutions and policies. 

China‘s latecomer status in standardization explains the second 

characteristic: a strong commitment by China‘s leadership to use 

standardization as an enabling platform for indigenous innovation. That 

commitment not only is ―virtually unparalleled among developing countries‖ 

(Kennedy et al. 2008), but its scope and depth certainly also goes much 

further than standardization strategies in the United States, Europe and 

Japan. 

The study shows that China‘s commitment to standardization as a tool for 

indigenous innovation is made credible by a standardization strategy that 

seeks to integrate policies on standards not only with conformity assessment 

and certification, but also with policies on innovation, IPR protection, 

industrial development and competition. China‘s standardization strategy 

needs to be viewed in the broader context of its development strategy. 

China‘s primary concern is to develop this vast quasi-continental country as 

rapidly as possible and to catch up with the productivity and income levels of 

the United States, European Union and Japan. 

Strengthening China‘s domestic innovative capacity is considered to be the 

key to a sustainable transformation of its economy beyond the export-

oriented ―global factory‖ model. To achieve this goal, China‘s government is 

very serious in its aspiration to move from mere standard taker to a co-

shaper and in some areas, a lead shaper of international standards. The 

study shows that  China seeks to develop a ―two-track‖ approach. On the 

one hand, China is working within the international system with the long-

term goal of creating patent-worthy technology essential to global 

standards.  

By including Chinese technology into global standards, China seeks to 

strengthen its bargaining power and to reduce its exposure to high royalty 

fees. At the same time, however, China seeks to use its increasing 

geopolitical influence to promote new sets of rules for international 

standardization and, hence, to transform the international standards system 

itself. On a global scale, this process is still at the very beginning. An 

important finding is that, in the medium term, China is going to change not 

only the international approach towards standardization but also the rules of 

broader frameworks that govern international trade and investment and 

other key areas of international diplomacy. 
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A central proposition of the study is that globalization and rising complexity 

make it necessary for China to combine a government-centered 

standardization strategy with elements of market-led standardization. China 

needs to increase the flexibility of policy tools and institutions in order to 

cope with sometimes disruptive effects of unexpected changes in 

technology, markets and business strategies.  In a world of rising 

complexity, it is always preferable to have built-in redundancy and freedom 

to choose among alternatives rather than seeking to impose from the top 

the ―one best way‖ of doing things. 

This is so for three reasons. First, rising complexity drastically reduces the 

time available for standards development and implementation, which makes 

it practically impossible to get solutions right the first time. There may have 

to be many policy iterations, based on trial and error and an extended 

dialogue with all stakeholders to find out what works and what doesn‘t. 

Second, rising complexity makes it difficult to predict possible outcomes of 

any particular policy measure, especially unexpected negative side effects, 

of which there is an almost endless variety. We have seen that rising 

complexity is systemic. Hence, a small change in one policy variable that 

describes a particular procedure for achieving compliance with a particular 

regulation can have far-reaching and often quite unexpected disruptive 

effects on many other policy variables and outcomes. 

Third, it is next to impossible to predict the full consequence of interactions 

among an increasingly diverse population of standardization stakeholders. 

Given the diversity of China‘s competing stakeholders, the results of a 

particular standards policy depends much more on negotiations, gaming and 

compromises than on the logical clarity and technical elegance of that policy.  

The Chinese standards system is no longer monolithic. Instead of an 

exclusive reliance on a top-down approach to standardization led by the 

government, China is now witnessing the emergence of diverse and often 

hybrid standardization projects that mix and match elements of industry-led 

and market-oriented approaches; with their traditional reliance on 

government. 

China today provides an experimentation field for new approaches to 

standardization that seek to combine the advantages of a bottom-up, 

market-led approach with a unified strategy designed and implemented in 
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cooperation with the government. Policy-makers and corporate executives in 

the United States, as well as in the European Union and Japan, would be well 

advised to study these Chinese institutional innovations and to learn from 

them. The case study highlights two important drawbacks of China‘s 

standards and innovation policy. First, elaborate lists of products and 

technologies that are constructed to assess compliance with China‘s 

standardization and certification requirements may have significant negative 

impacts. These lists risk being quickly outdated and bypassed. Even more 

important for China‘s objective to foster indigenous innovation is that such 

control lists focus on existing technologies, rather than on the future 

innovations that they are designed to promote. 

Second, in its current form, China‘s Information Security Standards and 

Certification policy could create unintended disruptive side effects for the 

upgrading of China‘s standardization system. An extensive scope of 

regulation and a lack of coordination between Chinese security policies and 

trade policies could create potentially serious trade disputes. The study 

argues that implementing a more integrated approach to innovation and 

standards policy poses daunting political and administrative challenges.  

On the one hand, some degree of stability must exist in policies and 

institutions. Without such stability, it is difficult to mobilize resources and to 

provide incentives for learning and innovation. On the other hand, rising 

complexity through globalization imposes disruptive changes on the very 

same institutions and policies. 

In short, China‘s institutions for standardization and related policies that 

were successful during catching-up may well become barriers once the 

strategic focus shifts to an ―upgrading through innovation‖ strategy. Any 

attempt to preserve the status quo ante of institutions and policies in the 

context of globalization and increasing complexity is likely to constrict 

learning and innovation, the two fundamental prerequisites for sustained 

industrial upgrading. 

This has important implications for the future role of government in China‘s 

standardization strategy. While continuity matters, it needs to be combined 

with continuous adaptation in institutions and policies.  It is obviously 

difficult to achieve the right balance. Change, however, should be 

constrained by the need to build on accumulated capabilities. ―Big Bang‖ 

change, which discards the latter, often involves prohibitively high 
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opportunity costs; it may also destroy social consensus, the most 

fundamental prerequisite for economic development. Finally, the study 

highlights the need for incremental reforms of China‘s standards system.  

As emphasized by Wang et al. (2010) and other Chinese reformers, it is time 

to give Chinese standards associations the right to make their own 

standards. A related proposition is to let the market develop voluntary 

standards, especially in strategic areas like inter-operability.  Additional 

reform tasks include further progress in: the harmonization of standards and 

conformity assessment; efforts to strengthen cooperation between China‘s 

standardization system and SIPO; the integration of standards and 

innovation policy with China‘s still relatively new and untested anti-monopoly 

law and policies to strengthen the standardization capabilities of China‘s 

small-and medium-sized enterprises. 

Policy Implications 

The international community should accept that significant differences exist 

across countries and/or industries in the organization with governance of 

standardization processes. The international community should agree that 

technology-centered competition does not need to be a zero-sum game.  

From a global welfare perspective, one could argue that such competition 

could well have positive effects. When this process involves countries at 

different stages of development like China and the United States, there 

should also be agreement that market forces alone are insufficient. 

Supportive public policies are required to transform technology-centered 

competition between China and the United States into a positive-sum game. 

The international community should acknowledge that the challenges faced 

by latecomers like China are significant and that one should not always apply 

the same criteria in judging performance of latecomers as one would to the 

advanced industrial economies.  

In light of China‘s very different political system and economic institutions, it 

is unrealistic to argue that China should converge to a U.S.–style, market-

led system of voluntary standards. China will need to find its own 

institutional and legal approaches to develop a standards system that can 

both foster indigenous innovation and cope with the challenges of 

globalization and rising complexity. 

The international community will want to monitor how Chinese policymakers 

are searching through trial and error for ways to reconcile the primary 
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objective of strengthening the innovative capacity of Chinese firms and 

industries with the country‘s leading role in international trade and its deep 

integration into global corporate networks of production and innovation.  

The international community should also acknowledge that perceptions differ 

on what constitute ―international standards‖ and on the legitimacy of the 

existing international standards system. It is important to spell out explicitly 

these different perceptions, given that compliance with international 

standards is the principal policy issue influencing the international discourse 

on China‘s standards policy.   

Hot-button policy issues include the role of patents in standards and the 

potential for market distortions; the role of government procurement as a 

tool for innovation policy; and attempts to restrict the free flow of 

information and knowledge across borders. China, in turn, would benefit 

from studying inherent advantages in the deeply-rooted U.S. tradition of 

decentralized, market-led approaches to standardization.  

This may lead to new ways of blending elements of a U.S.–style voluntary 

system through independent standards development organizations and 

consortia with a government-led coordination of standards, innovation and 

competition policies. A hybrid of the best elements of the U.S. and Chinese 

standards systems could help China to foster indigenous innovation while 

maintaining open markets.  

China‘s role as a responsible stakeholder in the international system and its 

deep integration into the global economy imply that better coordination 

between Chinese security and trade policies should seek to reduce trade 

conflicts that could arise from China‘s current Information Security 

Standards and Certification policy. An important trust-building measure 

would be to improve access to and collection of data that allow for a better 

assessment of how information security standards and certification can be 

implemented without disrupting China‘s integration into the global economy. 

The international community may want to reconsider initial fears about the 

possible trade-distorting impacts of recent policy initiatives on indigenous 

innovation products and the role of patents in standardization. This study 

shows that responses by Chinese authorities to complaints (by both Chinese 

and foreign organizations) have softened some of the initially harsh 

requirements. Given the importance of the United States and China for the 
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global economy, there will never be an escape from the day-to-day grind of 

the trade policy process. Obviously, the USTR, the Department of Commerce 

and the ITC will respond to claims by U.S. companies that China is unfairly 

shutting them out through market barriers, once these claims are proven to 

be legitimate. The same is true for China‘s Ministry of Commerce and other 

relevant Chinese government agencies.  

But an effective U.S. response to China‘s innovation and standards policy 

should not be restricted to trade policy alone. This study suggests 

broadening the policy agenda to include a variety of cooperative elements. 

Ken Lieberthal‘s concept of result-oriented ―focused engagement‖ clearly 

points in the right direction (Lieberthal 2007). Once both countries accept 

that their standards systems are different, then there is ample scope for 

selective cooperation where both the United States and China can draw on a 

plethora of cooperative links that exist as a result of China‘s deep integration 

into global networks of production, knowledge exchange and innovation.  

From the Chinese side, An Baisheng highlights the rationale for such 

cooperation: ―…The United States and China both have an incentive to 

explore meaningful collaboration. Some issues will be difficult to overcome. 

To achieve meaningful collaboration, both parties need to re-evaluate their 

strategies and relevant policy perceptions and adjust them in accordance 

with current global trends‖ (An 2009). 

On that basis, it should then be possible to prioritize some areas for 

international cooperation, such as for interoperability standards for the 

smart grid, and standards for environmental protection, alternative energy, 

product safety or health standards and consumer protection. An example is 

the joint U.S.–China Electric Vehicle Initiative.137  

Specifically, this study suggests exposing Chinese government officials, 

academics, and corporate executives to new approaches to innovation policy 

in the United States, especially in the standardization of highly-complex 

technology systems. This is an area where the United States undoubtedly 

has significant ―soft power.‖ We have ideas to ―sell‖ on how to combine the 

efforts of private industry and the government in ways that have not been 

tried before. 

                                                 
137  “Launch of U.S.–China Electric Vehicles Initiative,” at 
 http://www.america.gov/st/texttrans-english/2009/November/20091117133641eaifas0.9047052.html#ixzz1IJCEH1y7 

 

http://www.america.gov/st/texttrans-english/2009/November/20091117133641eaifas0.9047052.html#ixzz1IJCEH1y7
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There is a great interest in China to learn from these debates and policy 

initiatives in the United States. Such exchange programs should be 

broadened beyond government officials and include more Chinese company 

executives (especially junior engineering staff and managers). These 

practical steps can go a long way to reduce current tensions and to lay the 

groundwork for longer-term U.S.–China cooperation on innovation policy. 

Finally, a concrete suggestion is to create a U.S.–China Institute of 

Standards and Innovation with two campuses: one in China (possibly linked 

to CNIS) and one in the United States (possibly linked to NIST). The charter 

of such an institute would be to train engineers, executives, technicians, 

government officials and academics from both countries. The institute would 

also provide technical consulting services to enable both Chinese and U.S. 

companies to solve problems that arise from dealing with the differing 

standards systems in the two countries. 

Future Research Priorities 

Drawing on the findings of this study, the following priority topics are 

suggested for future research: 

1. While this study has focused on the ICT industry, future research needs to examine how China’s 
    standardization policies differ in other industries such as cars, chemicals, food processing, energy  
    and clean technology. 
 
2. A major research bottleneck is comparative research on different national standards and  
    innovation systems. For example, a comparative study of the origins and evolution of the  
    Chinese and U.S. standards systems is necessary to improve policy debates on whether the  
    systems are likely to converge or whether there will be persistent diversity. 
 
3. Similar comparative studies should include Japan, South Korea, Taiwan, Singapore, Malaysia and 
    India.  Furthermore, future research should include comparisons with the substantial recent  
    adjustments in major standards systems in the European Union (in particular Germany, the United  
    Kingdom, France, and small countries like the Netherlands and the Nordic countries). 
 
4. Within China, comparative research is needed on the diverse approaches to standards projects 
     that now co-exist and that create a potentially powerful force for a greater decentralization of  
     policy-making. Specifically, research is needed that examines the role of local governments in  
     China’s standards system. Questions to be addressed might include:  
 
 How does China handle the tension between a unified national strategy and non-

standardized local implementations?  
 

 Does this diversity of approaches strengthen China’s standards system or does it add 
further to its fragmentation? 
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In addition, comparative research should explore attempts in the United States and European 
Union to cope with the tension of reconciling decentralization through local governments with a 
unified strategy defined by the center that defines the overall strategic framework. 
 
5. Drawing on the stylized model introduced in Chapter Three, we need detailed econometric  
    research to nail down how the cost impacts of globalization and rising complexity differ across  
    standardization tasks, capabilities, and strategies. Similar research is needed for a comparison  
    of cost impacts across industries and product markets. 
 
6. Political scientists need to deepen research on the role that key Chinese government agencies 
     and organizations play in China’s standards system:   Who are the people involved; what are their 
     backgrounds and networks?  Who is actually making the relevant policies? 
 
7. Finally, a comparative study of different national approaches to information security standards  
    and certification is needed that highlights defining characteristics and impacts of such policies in  
    China, the United States, Japan, and different European countries.  In China, a systematic review  
    of published Chinese sources (including military journals) could shed more light on Chinese views 
    on information security standards and certification. 
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XIX 

 
 

China‘s innovation policy and its perceived threat to American innovation 

and competitiveness is a hot topic in U.S.–China economic relations. The role 

of standardization, together with intellectual property rights and government 

procurement, are at the center of this conflict. Fundamental differences in 

their levels of development and economic institutions lead to quite different 

approaches to standards and innovation policy by the two countries.  

China‘s strategy of pursuing indigenous innovation based on local standards 

faces internal challenges in trying to bring together a diverse group of 

stakeholders with conflicting interests, as well as external pressures to adopt 

international standards. Enhanced cooperation on standards and innovation 

policies should be possible, once the United States and China accept that, 

while their economic and innovation systems are different, they are deeply 

interdependent. Both sides would benefit, creating new Chinese markets for 

American firms and easing technology licensing restrictions for Chinese 

firms. 

China is investing in the long-term building blocks of indigenous innovation, 

such as science and math education, university research and 

commercialization of indigenous technology, to overcome this challenge. But 

hurdles such as academic fraud, bureaucratic inefficiency, corruption and 

lack of intellectual freedom all stand in the way of China fulfilling its long-

term potential. 

What‘s more, its political model is hugely inefficient at resolving these 

problems due to the authoritarianism of its rulers, even though some in the 

Chinese leadership understand that more democracy with a little ―d‖ is 

needed to clean up their political and economic system. Additionally then, 

there are the demographic factors working against China—factors that could 

mean China grows old before more than a few of its citizens grow even 

moderately wealthy. 

China‘s nascent science and innovation programs have yet to show they are 

capable of producing truly game-changing new technologies on their own. 

Despite China‘s success in clean energy, space technology, gene sequencing 
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and super-computing, none of these technologies were actually invented 

there. The intellectual property behind 90 percent of China‘s high-technology 

exports is developed and owned by foreign firms, not Chinese ones. 

This means many Chinese firms have mastered the art of making and 

exporting other people‘s high-tech goods, such as solar panels, for profit, 

but they still lag behind in inventing new technologies themselves. As the 

World Economic Forum notes in the Global Competitiveness Report, the 

import/assimilate/re-innovate model tends to result in diminishing marginal 

returns, as economies ―approach the frontiers of knowledge, and the 

possibility of integrating and adapting exogenous or imported, technologies  

disappears.‖  

In essence, the model that propelled China to this point cannot work forever. 

As China‘s technological prowess approaches that of the rest of the 

developed world, it will eventually run out of high-tech industries to 

assimilate. This will leave China to confront the question of how to develop 

the kind of truly homegrown innovation system that can not only approach 

the frontiers of science and technology, but actually expand them. 

China is famous for its reliance on ―reverse engineering‖ to replicate other 

countries‘ technologies, and in a way its approach to innovation follows the 

same path. China‘s heavy investment in cutting-edge equipment, 

information technology, research infrastructure and high-tech manufacturing 

capabilities allows China‘s firms and researchers to excel at what innovation 

experts call ―process innovation,‖ or ―incremental‖ innovation on existing 

technologies that are absorbed from abroad. 

In a recent report by the Center for American Progress titled ―Out of the 

Running: How Germany, Spain and China Are Seizing the Energy 

Opportunity and Why the United States Risks Getting Left Behind, they 

noted that: ―One of the historical features of China‘s technology innovation 

is the role of foreign technology in the innovation chain. To achieve its goals 

of indigenous innovation, China‘s government has adopted a model of 

‗import/assimilate/re-innovation.‘ Thus, the early stages of all technology 

development include heavy reliance on foreign technologies.‖ 

While condemned by some as ―ugly,‖ unfair, and even illegal, this model 

works well to fuel China‘s economic growth and technological development. 

It works by first capitalizing on the immense size of China‘s consumer 
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markets to attract foreign direct investment from high-tech manufacturers 

and other technology companies. In exchange for access to the cheap 

Chinese workforce and parts of the Chinese domestic market, these foreign 

firms are often required to turn over their technology to Chinese companies, 

which then work quickly to absorb, improve and adapt the technology to 

local conditions. 

Ultimately, many Chinese firms armed with these re-innovated technologies 

use a combination of government export assistance and an artificially 

deflated currency to sell these technologies at lower prices than the original 

foreign technology source. This kind of technological piggybacking, combined 

with aggressive export oriented economic and trade policies, has been 

previously used effectively in various countries to climb the economic ladder; 

especially in East Asia. Think Toshiba and Sony in Japan, Hyundai and 

Samsung in South Korea, or Acer and Taiwan Semiconductor Manufacturing 

Co. in Taiwan.  

But China, because of the size of its marketplace and its workforce, can 

command more in the way of technology transfer than any of the other 

Asian economic powerhouses ever could. Plus, China‘s public investments in 

innovation building blocks and its strategic clarity are further draws for 

foreign companies and individuals to participate in this re-innovate strategy. 

All of these efforts have begun to pay visible dividends. China is becoming a 

more attractive environment for innovation and R&D. Here‘s just a short list 

of industrial and service-sector companies where China now boasts globally 

competitive companies: Huawei; Lenovo. 

In sum, top-down government spending directives in China aimed at 

innovation-led economic development is not as wisely spent as some would 

argue. What‘s more, the manner in which these top-down directives are 

interpreted by provincial and municipal officials, who boast a lot of leeway in 

interpreting the directives, leads to further mis-investment in trendy arenas 

such as property development. This is an important policy liability that 

China‘s leaders in Beijing are still struggling to get a handle on. 

Chinese innovation and economic planners are also well aware of the 

importance of agglomeration, sometimes called ―clustering,‖ a strategy in 

which policymakers encourage Chinese companies in similar industries to 

cluster together to improve their access to incremental innovation, share 

supply chains, and boost the competitiveness of their workforces. This 
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practice began decades ago when China set up foreign investment zones to 

attract foreign companies to invest in China, and gained speed as different 

cities became famous for being the shoe capital or button capital or 

Christmas tree ornament capital of China. Today, China is building on this 

cluster model to create new enterprise zones for more cutting edge 

technologies—a strategy that continues to draw companies such as Applied 

Materials, Microsoft and others to invest in China.  

The government‘s commitment of public capital deployed toward 

strategically important and fast-growing areas of research has put China on 

the map in genomics, clean energy, space science, supercomputing and 

defense technology; yielding impressive and tangible results. China became 

the third country to put a human being in space in 2003 and is currently 

developing plans for a space station and a satellite probe to Mars. 

In January 2010 the Beijing Genomics Institute purchased 128 gene 

sequencing instruments, the largest purchase of such equipment by any 

country or institution in history, putting China in the race with only six other 

countries working to decode the human genome. China is also famously 

home to the world‘s largest hydroelectric dam, the Three Gorges Dam across 

the Jiangze River and the world‘s fastest bullet train, a Chinese-made 

CRH380, which runs between Shanghai‘s western suburb of Hongqiao and 

the city of Hangzhou. 

China‘s competitiveness in information technology is also on the rise. In 

May, a Chinese-built supercomputer was recognized as the world‘s fastest 

machine, topping the world‘s now second fastest supercomputer housed at 

the Department of Energy national laboratory at Oak Ridge, Tennessee. The 

percentage of China‘s population with Internet access skyrocketed to 22.5 

percent in 2008 up from 1.8 percent in 2000, and in 2009 alone the country 

added 100 million mobile phone users.  According to the World Economic 

Forum, China ranks 22nd globally in Internet access in schools and 

impressively, 7th in the world in terms of primary school enrollment rates. 

These are just some of the many impressive indicators of the rapid growth of 

China‘s innovation economy. High technology exports made up 17 percent of 

all manufactured exports from China in 2007; with approximately 3 million 

Chinese trademark and patent applications were filed that year. China‘s 

strategic planning and far-sighted investments in the building blocks of 

innovation have yielded some impressive results. The number of Chinese 
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patent applications and journal articles in all scientific fields has recently 

exploded. In the early 1980s, Chinese scholars were responsible for only 0.4 

percent of all published scholarly articles, but by 2009, the country had 

increased its share to 11 percent. In that same period, U.S. articles went 

from 40 percent down to 28 percent. In terms of quantity of published 

articles, Chinese scientists have surpassed those of Japan, Germany and 

Great Britain - and now stand at second place in the world; just behind the 

United States and up from 14th just 15 years ago. 

With China‘s historically abundant cheap labor and bursting economy, it is 

no wonder it has been the go-to location for cheap low-skill manufacturing 

labor. Perhaps less intuitively, it has also attracted cheap educated labor, 

such as software developers who are also being outsourced to Asia by their 

U.S. employers. Not only do foreign companies flock to China for cheap 

labor, but they also transfer technology there in order to gain access to this 

cheap labor force.  

China‘s workforce policies also include a focus on imported talent. Last year 

the Chinese Academy of Sciences began a program to attract 1,500 foreign 

scholars; promising them more research funding and better facilities than 

they were getting in their own countries. A high-profile example of the 

success of this action is the case of Applied Materials Inc., one of the world‘s 

leaders in semiconductor and flat panel display materials, whose Chief 

Technology Officer Mark Pinto relocated to Beijing to help run the firm‘s 

major new research facility in Xi‘an. 

At the same time, China has worked hard to formalize its relationships with 

foreign universities. The U.S. government recently announced a joint clean 

energy project worth $150 million; intended to spur clean energy technology 

development in both countries. This joint collaboration with U.S. universities, 

West Virginia University and their Chinese counterparts have yet to be 

announced, but work has already begun to advance the project‘s goals. 

Anticipated consumer demand and a growing private-investment 

environment combined with massive public investments have enabled China 

to achieve enormous economic gains. China is using public dollars not just to 

build the equipment and infrastructure it needs to meet the needs of its 

economy today, but also to make longer-term commitments to science and 

technology that will help it to build the innovation economy of tomorrow. 

China‘s future economic development plans point to even larger spending in 
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China, as the government encourages Chinese consumers to save a bit less 

and spend a bit more. The current leadership is eager to develop a domestic 

marketplace that depends more on consumer spending. To that end, China 

is now trying to improve its public health system so that consumers will have 

more money to spend elsewhere and is actively working to build a modern 

consumer finance marketplace to enable ordinary Chinese to save and 

borrow, invest and spend in more efficient ways.  

This, too, enables China to draw in foreign expertise in sectors as different 

as financial services and health care. Similarly, China‘s ability to point to 

products and services that might experience eventual rapid demand growth 

enables its government to persuade other foreign companies to set up 

research labs and joint ventures in China on the promise of future access, 

especially for demand driven by government contracts. Consequently, 

software and telecommunications companies; advanced materials 

companies; and pharmaceutical and biotechnology companies alike are 

helping to train an entire new generation of Chinese scientists and 

researchers. 

China may have a ways to go in fostering intellectual freedom, academic 

honesty and efficient, transparent government institutions, policies and 

programs. But one thing is certain: 21st century China does not sit idle as 

problems fester. Chinese leaders are aggressively pursuing fixes to these 

structural liabilities. The upshot for the United States is this—challenges 

posed by China today will not necessarily be overwhelmed by these 

structural weaknesses. Our nation must respond to the current and future 

challenges posed by China - and soon. To this topic we now turn. 

Our USA innovation engine has served us well and gotten us far, but with 

the stakes higher and the competition stiffer than ever before it is high time 

we gave that engine a tune-up. To compete in the 21st century our 

policymakers must implement a far-sighted competitiveness strategy that 

links policies across many different fields and agencies; and innovation must 

be at the center for that strategy. 

From specific pieces of legislation, to more structural agency changes and 

guidance, the Obama administration and Congress have the power to act 

swiftly to implement policies that foster the entrepreneurship and innovation 

our nation must rely on again to compete in the 21st century global 

economic race. The ultimate question is not whether we can compete, but 
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whether we have the leadership and vision to take the steps necessary to do 

so. Make no mistake, we are engaged in a competition where two nations 

are vying for first place. But, we cannot count on some of the inherent 

liabilities of Chinese innovation policies to come to our rescue. We need to 

act. With U.S. unemployment at 9.8 percent we cannot afford to wait to get 

started. Our economy needs to rebound strongly from the recent Great 

Recession while simultaneously laying the foundations for sustained, long-

term economic growth. 

The 112th Congress left several pieces of critical innovation legislation 

unaddressed. The 113th Congress must step up to the plate to tackle the 

bipartisan issue of America‘s sagging innovation-led economic 

competitiveness by investing in the building blocks of innovation. The 

America COMPETES Reauthorization Act is a solid step, but it does not go far 

enough. Regional technology clusters such as Silicon Valley‘s information 

technology industry, the biotech cluster along Boston‘s Route 128, or the 

advanced manufacturing cluster in the Eastern Midwest, have long fueled 

innovation and helped to drive the national economy forward. 

The federal government must play a stronger role in helping to cultivate the 

bottom-up formation of these collaborative industry clusters and the 

innovation ecosystems that they breed. For these things to happen, the 

Obama administration and Congress must provide long-term, stable 

incentives for investments so businesses and entrepreneurs see the United 

States as a good place to invent, commercialize, manufacture and deploy 

clean energy and energy efficient technologies. 

We need a concerted strategy to ensure the workers of the future will have 

the skills and technical know-how to contribute to the innovation economy; 

whether as inventors, engineers, advanced manufacturers and technicians, 

or simply as educated policymakers and consumers. These STEM educational 

efforts need to be broad-based, targeted at schools across all communities, 

to ensure all of our students obtain the skills necessary to work at good 

wages in the 21st century U.S. economy. 

The core of this strategy should focus on teachers, the most important 

school-based influence on students‘ academic achievement. We need more 

teachers with the knowledge and skills to teach STEM subjects. Many current 

initiatives focus on bolstering the supply of STEM subject teachers at the 

secondary level, such as Change the Equation. We shouldn‘t overlook the 
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importance of elementary teachers in giving students a solid base of skills 

and confidence needed to persevere and thrive in STEM subjects through 

high school and college. Similarly, Congress needs to focus on the unique 

needs of working learners as it considers the reauthorization of the landmark 

Workforce Investment Act of 1998. WIA was originally designed to unify a 

fragmented set of federal employment and training programs and create a 

single, universal workforce development system that could provide services 

for unemployed job seekers and employers.  

With an annual budget of about $3 billion for training, WIA was never 

intended to educate millions of working learners, yet the program occupies a 

unique place in federal public policy. Indeed, WIA is the only program that 

explicitly attempts to build a bridge between education and the economy for 

all American workers.  This bridge is critical in a labor market defined by an 

increasing demand for workers with postsecondary education and job churn 

that puts people in new jobs requiring new skills with new companies more 

often than ever before. In short, we need a more balanced WIA system that 

is able to work with both the unemployed and employed workers who lack 

postsecondary credentials, workers who are trying to balance work, learning 

and family responsibilities while competing aggressively in the labor market. 

The challenge for Congress when it reauthorizes WIA is that, at its best, the 

program was never intended to take on the challenge of providing 

postsecondary credentials at a national scale, while at its worst it is an 

underfunded and overly complex set of programs that place too many 

unemployed workers in quick fix low-paying jobs, does not invest enough in 

training and is not measuring whether funded training yielded useful 

credentials valued by employers. When well-prepared with the right skills 

and credentials, however, working learners can muster the exact mix of 

technical knowledge, business acumen and creativity necessary to compete 

in today‘s highly mobile, innovation-driven economy. 

Science and technology are creating innovation-enabled 21st century job 

opportunities for working Americans in frontline jobs such as biomedical and 

energy-efficiency technicians, social media communications assistants, new 

materials production workers and advanced manufacturing factory floor 

laborers. But  these are the kinds of jobs that require learning new skills on 

the job and outside of the workplace. The capability of these working 

learners to compete at all levels of the U.S. economy is in turn important for 

economic recovery and essential to sustained economic growth. 
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Even the Defense Advanced Research Projects Agency, or DARPA, the 

Department of Defense‘s agency for new military technology innovation and 

deployment, notes that the ―significant national decline in the number of 

college graduates with [science, technology, engineering or math] degrees‖ 

is effectively threatening our national security. This has huge implications for 

basic research as DARPA is the leading government investor in some of the 

most potentially cutting-edge technologies of the 21st century. 

China and the United States face different challenges to fostering innovation 

driven economic growth, but they are both competing for the same prize. As 

in any sport, insights can be gained from a thorough assessment of the 

strengths and weaknesses of the competition. Some of China‘s strengths—in 

particular its import/assimilate/re-innovate model of process innovation and 

aggressive export-expansion policies—will eventually wear out as it 

approaches the frontiers of absorbable technology and investment rates. But 

others—its heavy public investment in tangible and intangible infrastructure 

across the innovation lifecycle from science education to university research 

to research and development to targeted industry market creation—can 

actually serve as lessons for U.S. policymakers. 

The days of China as the low-cost, low-tech manufacturer of the rest of the 

world‘s high-tech innovations may soon be coming to a close. China now 

leads in the production of not just low-end manufactured consumer goods, 

but also some high-tech devices, many of which were developed in the 

United States. From high-speed trains to next-generation mobile phones to 

advanced clean-technology products, Chinese products now boast top-flight 

technologies that they can sell competitively abroad and that dominate their 

domestic market. Several innovation assets directly and indirectly help drive 

China‘s shift from sweatshop to cutting-edge innovator.  Among them are: 

• The size of the country’s economy and the potential for much more consumer spending 

• The scale of its public investments and the benefits that derive from these investments 

• The wage competitiveness of its labor force across all industries and services 

• The aggressive, innovation-oriented national action plans and fiscal policy that help  

    accelerate the development of China’s science and technological innovation capacity 

These assets have allowed China to adopt an ―import/assimilate/re-

innovate‖. 

This book examined defining characteristics of the evolving Chinese 

innovation and standards system and explored possible impacts for China as 
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well as the global economy. China considers standardization to be an 

essential tool for improving its innovative capacity, yet very little is known 

about this critical building block of China‘s innovation system.  

At the center of the analysis is a fundamental challenge for China‘s 

standardization strategy: How can China reconcile its primary objective of 

strengthening indigenous innovation with its leading role in international 

trade and deep integration into global corporate networks of production and 

innovation? 

Main Argument 
 

o Recent policy initiatives on standardization and recent developments in three ICT standards 
projects (TD-SCDMA, IGRS and AVS) indicate that both the Chinese government and industry are 
learning from mistakes and are moving to a more flexible and pragmatic approach. 

 
o China’s standardization strategy needs to be viewed in the broader context of its development 

strategy to catch up with the productivity and income levels of the United States, the European 
Union, and Japan. To achieve this goal, China’s government seeks to move from being a mere 
standard-taker to become a co-shaper, and in some areas a lead shaper, of international 
standards. 

 
o In a “two-track” approach, China is working within the international system with the long-term 

goal of creating patent-worthy technology essential to global standards. By including Chinese 
technology into global standards, China seeks to strengthen its bargaining power and to reduce 
its exposure to high royalty fees. At the same time, however, China seeks to use its increasing 
geopolitical influence to promote new sets of rules for international standardization, and hence 
to transform the international standards system itself. 

 
o Globalization and rising complexity make it necessary for China to combine a government-

centered standardization strategy with elements of market-led standardization. China needs to 
increase the flexibility of policy tools and institutions in order to cope with sometimes 
disruptive effects of unexpected changes in technology, markets, and business strategies. 

 
o In its current form, China’s policy on information security standards and certification could 

create unintended disruptive side effects for the upgrading of China’s standardization system. 
An extensive scope of regulation and a lack of coordination between Chinese security and trade 
policies could create potentially serious trade disputes. 

 
o China’s policies for standardization that were successful during “catching-up” need to be 

adjusted once the strategic focus shifts to an upgrading through-innovation strategy. Any 
attempt to preserve the status quo ante in the context of globalization and increasing 
complexity is likely to constrict learning and innovation, the two fundamental prerequisites for 
sustained industrial upgrading. 

 
o Change, however, should be constrained by the need to build on accumulated capabilities. “Big 

Bang” change, which discards the latter, often involves prohibitively high opportunity costs. It 
may also destroy social consensus—the most fundamental prerequisite for economic 
development. 
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Policy Implications 
 

a. The international community should agree that technology-centered competition does 
not need to be a zero-sum game. However, when this process involves countries at 
different stages of development, supportive public policies are required to transform 
technology-centered competition into a positive-sum game. 

 
b. The international community should acknowledge that the challenges faced by 

latecomers like China are significant; thus, one should not always apply the same 
criteria to judging the performance of latecomers as one would with the advanced 
industrial economies. China will need to find its own institutional and legal approaches 
to develop a standards system that can both foster indigenous innovation and cope 
with the challenge of globalization and rising complexity. 

 
c. The international community will want to monitor how Chinese policymakers are 

searching through trial-and-error for ways to reconcile the primary objective of 
strengthening the innovative capacity of Chinese firms and industries with the 
country’s leading role in international trade and its deep integration into global 
corporate networks of production and innovation. 

 
d. China should seek to reduce trade conflicts that could arise from its current policy on 

information security standards and certification. An important trust-building measure 
would be to improve access to and collection of data that allow for a better assessment 
of how information security standards and certification can be implemented without 
disrupting China’s integration into the global economy. 

 
e. One concrete suggestion is to create a U.S.–China Institute of Standards and Innovation 

to train engineers, executives, and technicians, as well as government officials and 
academics from both countries. Such an institute could also provide technical 
consulting services to enable both Chinese and U.S. companies to solve problems that 
arise from dealing with the differing standards systems in the two countries. 

 

China and the United States have very different legal, political and economic 

systems, but both are bound by the same reality that to be competitive in 

the 21st century global economy, they have to innovate. But unlike most 

political leaders in the United States, China‘s leaders recognize that 

innovation is not created in a vacuum.  

Across the globe, developed and developing countries are realizing what 

economists have known for years—that technological innovation, more than 

any other factor, fuels long-term economic competitiveness and growth; and 

that innovation in turn requires a robust and well-integrated foundation of 

education, research and infrastructure. 

The widespread recognition of these principles has sparked a global race to 

the top in innovation, science and technology policy. But judging from the 

state of our innovation policy, the United States seems to have missed the 
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memo. Other nations see innovation and competitiveness as two sides of the 

same economic coin. Other countries organize their economic policy 

apparatus more explicitly around the question of how to effectively compete. 

China in particular does this very well. In this paper, we examine the 

challenges posed to current and future innovation-led economic growth in 

the United States by China‘s drive to boost innovation at home by any 

means available. As we will demonstrate, some of these challenges cut to 

the core of our nation‘s own global economic and scientific strengths—even 

though some of China‘s innovation policies and programs are plagued by 

inherent liabilities that are built into the country‘s approach to innovation. 

Similarly, China‘s massive domestic investments in global market-scale 

industries such as clean technology products, transportation, mobile 

telecommunications and aerospace are now enabling Chinese companies in 

these sectors to compete for business abroad and dominate their home 

market. Again, there are liabilities built into this strategy: Economists can 

point to costly misplaced investments in some of the infrastructure needed 

to get these industries off the ground — mis-investments that saddle the 

Chinese state-owned banking system with an entire new raft of 

nonperforming loans and resulting in way too many empty science parks and 

regional industrial zones that are no more than property speculation gone 

awry. 

This same strategy—key directed investments in science and innovation to 

spur rapid economic growth no matter the cost—is even evident in the 

Chinese government‘s planning processes. China‘s famous communist-era 

―five-year plans,‖ which often bore little relation to reality, are now precise 

blueprints for strategic market-oriented, innovation-led economic growth to 

spur job creation at home and exports abroad. Then as now, however, local 

political and business leaders in China‘s provinces and cities, counties and 

townships continually go their own way in interpreting these plans and then 

spending the cash; often resulting in misleading statistical data flowing back 

to Beijing ―proving‖ the metrics of the blueprint are being met while in fact 

the funds are being spent on a variety of other activities; including local 

property development and speculation. 

But these liabilities do not mean that U.S. policymakers can afford to be 

complacent. China‘s so called ―import/assimilate/re-innovate‖ model of 

technology development, for example, actively drives foreign companies to 
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share their technologies with Chinese joint venture partners in exchange for 

access to the cheap Chinese workforce and burgeoning domestic 

marketplace.  

This strategy poses a direct challenge to U.S. competitiveness because it 

enables Chinese (often state-owned) companies to gain access to cutting-

edge technologies but also build upon them incrementally to create a 

Chinese innovation ecosystem. Never mind that economists recognize that 

the downside to this model of economic development is that it delivers 

diminishing returns without genuine domestic innovation delivering world-

class breakthroughs. 

China, in short, is actively and methodically building up the basic 

foundations for future economic growth while also ensuring a market for its 

current and future products and services at home and abroad. The country‘s 

leaders understand completely the message driven home by The World 

Economic Forum, in its monumental Global Competitiveness Report 2010-

2011, which underscores the importance of innovation as the basis for long-

term economic growth: 

―Although substantial gains can be obtained by improving institutions, 

building infrastructure, reducing macroeconomic instability, or improving 

human capital, all these factors eventually seem to run into diminishing 

returns. The same is true for the efficiency of the labor, financial, and goods 

markets. In the long run, standards of living can be enhanced only by 

technological innovation. Innovation is particularly important for economies 

as they approach the frontiers of knowledge and the possibility of integrating 

and adapting exogenous, or imported, technologies tends to disappear.‖ 

U.S. companies across a range of industries are increasingly voicing their 

complaints about China‘s theft of their intellectual property and the country‘s 

forced transfer of cutting-edge U.S. technology in exchange for access to the 

nation‘s vast and fast-growing domestic market.  

The overarching message coming from the United States is this: If China 

would just stop cheating, the U.S. economy would rebound, helping both 

nations and the rest of the world recover more sustainably from the Great 

Recession and sparking broad-based economic growth on both sides of the 

Pacific. Equally forcibly (though in more diplomatic language), President 

Barack Obama is expected to deliver that same message. 
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What this view assumes is that if only China would stop cheating, the U.S. 

economy would do what it has done best for the last hundred years or so—

lead the world based on our prowess at science, technology and innovation. 

After all, our universities are the best in the world, our entrepreneurialism is 

world-renowned and our ability to turn new ideas into new job-creating 

products and services is unsurpassed. But this interpretation is not entirely 

accurate.  

China is now investing in many of the building blocks of innovation-driven 

economic growth that the United States has all but abandoned over the past 

several decades. Pick your sector and you‘ll find China spends more on a per 

capita basis and, sometimes in total amounts, on public investments in basic 

science and education, research and development (or R&D infrastructure 

development) and workforce training. What‘s more, China‘s leaders have 

crafted coherent policies and programs in support of domestic manufacturing 

and services for export abroad and to ensure Chinese companies have the 

prime positions in China‘s rapidly growing domestic economy. 
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XX 

 
 

The U.S. manufacturing economy is still vibrant in some sectors, but many 

assembly lines remain idle; and the U.S. manufacturing capacity utilization 

rate hit a near all-time low of 65 percent last June.  Overall, manufacturing 

now just makes up 12 percent of U.S. GDP, down from 28.3 percent at its 

high point in 1953. On the other hand, the 12 percent figure does not 

include the many service jobs dependent on the manufacturing sector: 

accountants, researchers, transportation jobs, engineers and many, many 

others.  

In fact, the National Association of Manufacturing calculates that every 

dollar‘s worth of manufactured goods creates another $1.43 in activity in 

other sectors—twice the ―multiplier effect‖ of services; where a dollar 

creates only $0.71 in other activity.  If the United States becomes a country 

that only comes up with ideas, but does not have the resources to produce 

and commercialize those ideas; we will lose not only direct manufacturing 

jobs but also these related jobs (and the economic growth that comes with 

them). 

Moreover, if we turn our focus away from manufacturing, we risk losing the 

opportunity to profit from the process innovations that take place more often 

on assembly lines and in manufacturing facilities than in labs. These are the 

very same incremental technological improvements that are driving China‘s 

rapid efficiency gains and fueling its export-driven growth. 

In 2010, the Harvard Business Journal hosted a debate entitled ―Is the U.S. 

Killing its Innovation Machine?‖ The debate focused entirely on the question 

of whether the United States‘ declining manufacturing sector is also ushering 

in a decline in the ―industrial commons‖; a set of related industries including 

those in the highly prized knowledge-based economy. 

In the opening article of the debate, Professor of Business Administration at 

the Harvard Business School Gary Pisano argues that the erosion of the 

industrial commons undermines ―the ability of the United States to 

manufacture high-tech products and seriously damages the country‘s ability 

to invent new ones.‖ 
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Other experts, among them Andy Rappaport, a venture capitalist with the 

Silicon Valley firm August Capital, note in the debate that not only service 

jobs but also the skills associated with these jobs can go overseas when 

advanced manufacturing migrates.  Rappaport points to the advanced 

battery, now a staple in hybrid and electric vehicles, as an example. ―The 

United States has ceded both innovation in the critical building block the 

battery as well as leadership in the integration of these blocks into 

downstream value autos.‖ 

Americans are rightfully proud of our long history of public investment in 

research and development—basic R&D that sparked many of the 20th 

century‘s breakthrough innovations. The microwave, the photovoltaic cell 

and the Internet, just three of a host of inventions, all came out of 

Department of Defense investments in basic research and development; 

without which they may have taken years or decades longer to be invented 

and commercialized. 

Yet federal R&D budgets have diminished in recent decades relative to GDP 

growth and are not adequately focused on the critical commercialization 

phase of technology development.  What‘s more, only a handful of the top 

research universities in the country are adept at moving new ideas from the 

lab to the marketplace by creating U.S.-based companies to commercialize 

the innovations of their scientists. Many more university innovations are 

simply sold to the highest bidder; often foreign venture capital firms looking 

for good ideas to bring back to their own nation to commercialize. 

At the same time, scholars such as Krisztina ―Z‖ Holly, vice provost for 

innovation at the University of Southern California and previously executive 

director of MIT‘s Deshpande Center for Technological Innovation, believes 

that we‘ve only picked the low-hanging fruit in the terms of new innovative 

ideas in our universities and that much more needs to be done to maximize 

the impact of universities in our national innovation system. 

Specifically, she recommends we meet this commercialization challenge by 

supporting programs that ―expand the commercial potential of ideas and 

innovations that result from‖ university research. She proposes the creation 

of a $20 million pilot program that would invest federal funding to create 

experiments that ―test and demonstrate clear, replicable methodologies to 

bring existing research results into the U.S. commercial marketplace‖ 

through 10 demonstration sites. 
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Of course, research and development in the United States does not happen 

in the public sector alone—far from it. The United States is home to 16,000 

private companies that operate industrial research labs, 20 of which have 

annual R&D budgets of $1 billion or more. Yet our private-sector labs are 

nowhere near the cutting edge of basic research as they used to be in the 

heyday of Bell Labs and other corporate labs several decades ago; 

concentrating more on varied incremental innovations of their existing 

technologies. 

This is not a bad thing in terms of commercialization, but it is another 

indication of the downturn in applied private-sector basic research and 

development that is hampering our long-term innovative competitiveness. 

Compounding these commercialization problems at the basic-research level 

is the so called ―valley of death‖ financing gap faced by innovative new 

companies seeking the money they need to carry their new products and 

services from the design phase to the marketplace.  This financing gap 

leaves young innovative companies with good ideas unable to fund the 

commercialization of those ideas due to the lack of seed-stage and early-

stage venture capital financing. 

Compounding this problem is the fact that the changing nature of venture 

capital in the United States is making the financing gap more acute, not less. 

As one of the venture industry doyens, Thomas Gephart, notes, the pool of 

venture capital is dramatically smaller today than it was just five years ago 

crimping the creation of new ideas into new businesses ready to hire 

Americans by the score. 

Indeed, in a recent presentation in the National Venture Capital Association‘s 

Venture Capital Industry Update, October 14, 2009, NVCA president Mark 

Heeson shows that the steady, though historically slow, growth in VC 

fundraising from 2002 to 2007 began a considerable decline in 2008 such 

that the VC industry is at a new and much lower level. The upshot: Our 

nation‘s unique strength, our venture capital industry, is in danger of drying 

up just when we need it the most.  

In contrast, China is learning from the U.S. experience with venture capital, 

enticing foreign VCs to invest in China, creating joint venture VC firms, and 

funding state-supported VC firms—providing the financing piece of their 

―import/assimilate/re-innovate‖ model of innovation and competitiveness. 

The United States, of course, boasts a long history of purely private-sector 
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entrepreneurship alongside a vibrant and complex financial system that 

makes capital available to new ideas in the form of angel, seed, venture and 

other kinds of early-stage finance and then the means to tap much larger 

debt and equity capital market to grow and prosper. Yet especially in today‘s 

capital-constrained environment, federal support is needed to encourage the 

flow of private capital to fund innovation in sectors of national priority.  

New technologies sometimes require a source of ―demand pull‖ in order to 

bridge the commercialization gap and scale up. Without this critical factor, 

renewable energy technologies in particular languish in a premarket 

purgatory unable to bring their potential benefits to society. The U.S. 

marketplace is vibrant and dynamic, yet many critical clean energy 

industries have been unable to introduce new products and services based 

on new technologies, whether due to market failure, regulatory and 

jurisdictional chaos or perverse subsidies. 

This lack of a strong and long-term market signal means that investment in 

U.S. clean energy innovation is underperforming. When coupled with a lack 

of an overall national competitiveness strategy—as we will discuss in our 

concluding set of recommendations — these developments put the United 

States‘ economic leadership in serious jeopardy. In the clean energy 

transformation and beyond, the U.S. still retains an edge in innovation and 

commercialization, but our footing is beginning to slip as China barrels along 

full steam. 

If Beijing follows its own plans, as much as 15 percent of Chinese power 

could be generated from renewable sources by 2020. In comparison, the 

United States might possibly reach 10 percent by 2020, but only if policy, 

funding and deployment can be vastly accelerated. This huge market for 

clean energy and the burgeoning supply of young scientists and engineers 

has lured companies such as industrial giant DuPont and Applied Materials to 

set up their solar photovoltaic R&D facilities there. Additionally, China‘s 

investment in smart grid technology has attracted the interest of other 

American companies, among them General Electric, who are looking for 

profitable opportunities overseas in the absence of any U.S. commitment to 

developing new markets at home. 

Another challenge China faces is that it‘s cheap labor supply won‘t last 

forever. Currency appreciation, rising wages and production costs (combined 

with simple demographic realities) are putting pressure on China‘s economic 
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development model of the past several decades. With an aging population as 

a result of the one child policy, a tightening of labor markets lies not far 

along the road for China, even as foreign companies continue to move into 

the interior in search of cheaper wages.  Reuters reports: 

―The number of Chinese between the ages of 15 

and 24 has hovered around 200 million to 225 

million for the last 20 years. That number is 

likely to fall by one-third during the next 12 

years, giving more bargaining power to the 

young people pouring into the workforce.‖ 

This means that production costs are also on the rise due to a combination 

of other factors beyond labor supply, namely an emboldened new generation 

of Chinese workers demanding rights. As economist Arthur Kroeber put it, 

―Ultimately, the teeth that lies [sic] behind (labor conditions) is the workers‘ 

notion that ‗if we strike, we‘ll be thrown out of a job and there‘s another 

10,000 people to replace us.‘ Now the teeth are removed because there 

aren‘t another 10,000.‖  

As markets tighten, this will raise production costs, which will in turn raise 

the relative cost of manufacturing in China. A recent CAP analysis noted that 

―China may be approaching a so-called Lewis Turning Point, which occurs 

when a developing economy experiences a labor shortage allowing workers 

to demand higher wages and better working conditions.‖  Data surveying the 

first half of 2010 corroborates these trends; the Hong Kong Trade 

Development Council estimates that production costs will increase for 

mainland China due to increased wages and a labor shortage; among other 

factors. 

While China‘s science system is growing rapidly, achieving good governance 

in this arena remains a key challenge.  Though the number of published 

articles has grown steadily in recent years, the articles put out by Chinese 

scientists are often far from top-rate. More than half of Chinese scientists 

are personally familiar with cases of scientific misconduct; according to a 

survey conducted by the China Association for Science and Technology. 

Whole industries known as ―black journals,‖ where academics can pay to be 

published to meet their academic requirements even without original 

research, exist to facilitate this surplus of poor quality output. Fang Zhouzi, 
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a crusader for academic honesty in China who is frequently the target of 

lawsuits and government intimidation, has documented hundreds of cases of 

scientific misconduct on his Chinese blog ―New Threads.‖  

Examples range from scientists padding their resumes with international 

awards they did not receive to claims of the discovery of new planets that do 

not exist. Most go unpunished. China‘s General Administration of Press and 

Publication has stated its intention to reform scientific publishing in the 

country, but so far has offered very few specifics other than requiring 

―termination‖ of these low-quality journals where plagiarism thrives. 

There is very little incentive for government officials to do quality control 

over either academics or grant-makers and, according to Fang, many 

officials are not expert in the fields they are responsible for funding. This 

leads to inefficient allocation of resources at best; favoritism and corruption 

at worst. A recent World Economic Forum executive opinion survey in its 

annual Global Competitiveness Report showed that ―corruption‖ and 

―inefficient government bureaucracy‖ were identified as the third and fourth 

most problematic factors for doing business in China. 

According to Fang, government officials who dole out science funding at the 

Ministry of Science and Technology have no incentive to ensure the money is 

going toward legitimate research; and no incentive to investigate or punish 

allegations of scientific misconduct. Journalists likewise are better off staying 

away from a sticky story of academic misconduct than risk becoming the 

target of persecution by university or government officials well-connected in 

the Chinese Communist Party. 

The capability of China‘s bureaucracies to meet the goals of its leaders‘ five-

year plans is constrained by the same inefficiencies. In her new book about 

China‘s environmental policies, ―The River Runs Black‖, George Washington 

University economist Elizabeth Economy sums up this problem. She argues 

that the Chinese central government‘s environmental policies parallel its 

economic development ones; with the central government relinquishing 

substantial control while allowing local governments, private individuals and 

the international community to fill the gaps—even when this approach runs 

counter to its top-down five-year plans. 

The result is that progress towards the country‘s five-year goals goes in fits 

and starts; and is subject to substantial regional variation. Measures of 
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performance are often made up, admitted Li Keqiang, China‘s executive 

vice-premier and heir apparent to president Hu Jintao in one of the cables 

brought to light by the Wikileaks data dump. Bureaucratic inefficiency, 

favoritism and corruption aside, many innovation scholars also posit that 

centrally-directed technology policy can never lead to truly homegrown 

innovation-driven economies; even if implemented transparently and 

effectively. Experimentation and competition are key inputs to the 

innovation equation; as has been shown in the process of carrying new clean 

energy sources to market.  

The different approaches taken by China and the United States toward the 

development of 21st century energy solutions epitomize the real challenge 

posed by China. On the basic research front, U.S. government spending on 

energy R&D declined from a high of $9 billion in 1980 to roughly $3.2 billion 

in 2006. Likewise, private investment in energy research and development 

has shrunk from a high of nearly $7 billion in 1980 to approximately $2.5 

billion in 2006. 

In contrast, China‘s overall spending on R&D has risen at nearly twice the 

rate of economic growth in recent years, climbing from 0.6 percent of GDP in 

1995 to over 1.2 percent in 2004. The number of researchers in China 

increased by 77 percent during that time; placing China second worldwide 

for total number of researchers (just behind the United States). In clean 

energy specifically, China‘s spending has been impressive; with numerous 

and sophisticated incentives programs dumping millions of dollars daily into 

their renewable energy sector.  

According to U.S. Commerce Secretary Gary Locke, China‘s investment in all 

forms of clean energy technology acceleration and export expansion today 

amounts to as much as $12 billion monthly. Our relative underinvestment 

leads to a situation where new ideas are born here—the United States is still 

the leader in emerging renewable energy technologies — but then are often 

spirited away by other countries, especially China, for development, 

commercialization and manufacture. 

Indeed, China‘s dedicated pursuit of alternative energy technologies 

illuminates the strengths of its innovation system, and the weaknesses of 

our own, at the critical point where a new technology is ready for 

commercialization. Thanks to forced technology transfer and aggressive 

process innovation, as well as a policy framework that provides strong 
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market pull and public investments, China is well on its way to becoming a 

world leader in both the manufacture and installation of renewable energy 

technology. That means incremental innovation will happen in China, not 

here, by Chinese design—especially if China also acts on its spoken 

commitment to addressing climate change through low-carbon development 

strategies. A member of the Chinese delegation to the United Nations 

Framework Convention on Climate 

Change, the international forum that is attempting to forge global rules for 

carbon reduction, said recently that China ―will not copy the developed 

countries‘ old way of energy-intensive economic development.‖  

To support this, it is widely anticipated that China‘s twelfth five-year plan will 

likely include strict carbon intensity reduction targets and other aggressive 

climate mitigation and clean energy deployment measures. Of course, one of 

China‘s major liabilities is the inability of its central leadership to command 

its local and provincial leaders to follow the guidelines of their five-year 

plans.  Yet, even setting the goals means that production and installation will 

proceed more quickly in China than in countries that do not have these 

goals; most pertinently the United States. 

The U.S. innovation ecosystem today is at once hugely complex and diffuse, 

but small in terms of actual federal government support; which runs to only 

about $150 billion annually for basic research and development. In fact, we 

pride ourselves on this lack of government involvement in innovation. 

Instead, innovation- led economic development in our country is defined by 

bottom-up entrepreneurship rather than top-down government policies and 

programs. As President Obama noted last year, ―We have always been about 

innovation, we have always been about discovery. That‘s in our DNA.‖ 

This poses unique problems when considering ways to meet the challenges 

China poses to the United States. The U.S. system generally values 

competition and trial and error as core elements of successful national 

innovation system, combined with an acceptance of risk taking buttressed by 

a well-designed intellectual property regime, and the ―free, unhampered 

exchange of ideas‖ that Einstein famously lionized.  

Government-funded research, of course, plays a major role in the American 

innovation story, especially when university research, entrepreneurs and 

sources of private financial capital can effectively collaborate to form nascent 
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innovation networks.  The World Economic Forum ranks the United States 

first in the world on university-industry collaboration in R&D. Yet our once 

unassailable position atop the global innovation food chain is not 

impregnable.  

Overall, non-defense R&D spending as a percentage of all discretionary 

government spending has fallen from a high of 25 percent in the mid-1960s 

at the height of the Apollo space program; to between 12 and 13 percent 

since the early 1980s. We need to summon the courage to invest in 

innovation on the level that we did in the space race because our most 

serious economic competitor, China, is doing so. Doing so will not only help 

us compete globally, it will also lift up the general knowledge and 

technological prowess of the world as a whole, as we share technologies and 

ideas with other nations - including China. 
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XXI 

 

 

Why China’s Innovation is Coming Back Soon 
China has made great strides in scientific development since 1949, but the 

road has not always been smooth. The Hu-Wen Administration heralded 

science as the way forward but faced serious hurdles.  ‗Innovation‘ became a 

PRC buzzword in the late 1990s and a full-fledged policy priority by the mid 

2000s. A top-down approach to innovation, backed by officials wary of 

ceding bureaucratic control, won out over the peer-review system advocated 

by scientists.  Indigenous innovation subsequently became the new core of 

China‘s development strategy. 

China‘s indigenous innovation policy blueprint reflects lofty goals but lagged 

consensus as to its implementation. The policy‘s most ambitious element 

was a push to ―co-innovate‖ and ―re-innovate‖ foreign imported technology 

and focus on 16 key areas.  China‘s indigenous innovation campaign is 

supported by an intricate web of industrial policies that are shaped by the 

country‘s tempestuous history with the West; yet, reflect a deep-seated 

desire to be self-sufficient. 

The Party set the campaign in motion with a series of laws, a financing plan 

and an implementation strategy. Government coffers largely bore the 

financial responsibility for the innovation drive, despite the provisos for 

private sector involvement laid out in a series of programs.  The government 

issued a series of laws, increasingly vexing to foreigners, to serve as pillars 

for the indigenous innovation drive.  

Chinese Government procurement catalogues that heavily favor local 

companies are considered a key driver for indigenous innovation. China‘s 

increasingly aggressive economic policy approach reflects a wider 

assertiveness in overall international relations. The announcement that 

China would protect seven key industries from economic competition 

through state ownership signaled China‘s cautions concerning free markets. 
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The government then issued a series of amendments and regulations related 

to patents and intellectual property rights that increased the woes of foreign 

companies in China.  Lax enforcement of a respectable intellectual property 

regime resulted in backtracking on IPR protection for foreigners. China‘s 

unique patent system led to a proliferation of ―junk‖ patents that can serve 

as potent weapons for Chinese companies. A case involving Schneider‘s 

tribulations shows how Chinese companies can use domestic patent laws to 

their advantage. 

China‘s attempt to establish its own Wi-Fi standard sparked an embarrassing 

international trade dispute but market power and bureaucratic clout 

eventually prevailed. Top-down development and deployment of a home-

grown 3G telecom standard was extremely expensive and repeatedly 

delayed, but regulatory success brought recognition and royalties. Their 

security encryption rules and censorship shenanigans illustrate how market 

access barriers and local rent-seeking can be indigenous innovation 

byproducts.  

Foreign technology companies still face the unattractive choice of staying 

home or making major concessions to operate in China. The experience of 

Siemens in the high speed rail sector illustrated the consequences for foreign 

companies in making technological concessions. Preferential policies for 

domestic firms in the wind energy sector have succeeded in all but wiping 

out competition from foreign firms. Foreign manufacturers of aircraft 

components and aerospace technology suppliers run the risk of giving away 

too much as they compete to get a piece of China‘s new indigenous airliner 

program. 

Meanwhile, well-meaning ethnic Chinese scientists may be caught in the 

middle of rising tensions between China and foreign governments due to 

―techno-nationalism.‖ To pursue genuine scientific innovation, China may do 

well to take a page from the American experience. Rebalancing the U.S.-

China political and economic relationship will be key to moving away from 

the mutual mistrust that underpins the indigenous innovation campaign. 

The second stage of Chinese economic reform aims to bring about “the great renaissance of 
the Chinese nation” through “innovation with Chinese characteristics.” 

 

OVERVIEW AND EXECUTIVE SUMMARY 

To mark the October 1, 2009 sixtieth birthday of the People‘s Republic of 

China, eager crowds of Chinese citizens jostle through walkway tunnels 
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under the moat surrounding the titanium-and-glass domed National Grand 

Theatre. They have come to watch ―Road of Renaissance,‖ a Broadway style 

show produced by the Communist Party.  In the theatre complex known as 

―The Egg,‖ some 3,200 performers sing and dance their way through 170 

years of Chinese history – from the mid-1800s Opium Wars, to the 1930s 

Japanese invasion, to the 1949 founding of the PRC and the 2008 Beijing 

Olympics – in an explosive spectacle of propaganda wrapped in high-tech 

stagecraft. 

The show opens with elegant Qing Dynasty ladies enjoying a Summer Palace 

opera until flames erupt as Western troops burn it to the ground. Rag-clad 

peasants stagger under crates overflowing with gold bars destined for 

foreign ships. Waterfalls of blood drip down the theatre walls as hundreds of 

Chinese corpses stacked like timber come alive to rise up and vanquish 

Japanese troops. The tragic 1950s Great Leap Forward and 1960s Cultural 

Revolution are swiftly dismissed. 

Film clips of China‘s first nuclear explosion and satellite launch lead the way 

to gleaming skyscrapers, Olympic medal records, speeding bullet trains and 

Chinese astronauts walking in space -- all punctuated with enormous 

newsreel images of top Party leaders from Mao Zedong to Hu Jintao 

narrating the Party‘s record of triumphing over adversity time and time 

again. 

Migrant workers, engineers, bankers, cooks, taxi drivers, farmers, students 

and bureaucrats lock arms and sing the national anthem. On this 60th 

anniversary, China is marking its resurgence as a great nation that will soar 

to ever greater heights as long as all Chinese people stick together. The 

show ends with ―Long Live the Great Communist Party‖ flashing on the 

screen. 

―Road of Renaissance‖ mixes two conflicting sentiments: victory and 

victimization. These clashing themes of unbridled national pride vs. distrust 

of foreigners are cross-stitched throughout the fabric of China‘s national 

psyche and political culture. They are also deeply entrenched in China‘s vast 

economic planning bureaucracy and fused into the DNA of the country‘s 

extensive new industrial policies that Party leaders have hung under the 

banner of ―Indigenous Innovation.‖ 
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The result is an indigenous innovation political and economic campaign that 

amounts to an all-hands-on-deck call to action for the Chinese nation to roll 

up its sleeves and complete the mission of catching up and even surpassing 

the West in science and technology that began 200 years ago when 

foreigners with modern weaponry and transportation technology came 

calling as the Chinese dynastic system was dissipating. 

The campaign is focused on employing China‘s fast-growing domestic market 

and powerful regulatory regime to decrease reliance on foreign technology 

and develop indigenous technologies that will enable China to solve its 

massive environmental, infrastructure and social problems and, as a result, 

enhance both its economy and national security. The slogan and broad plans 

for indigenous innovation were officially unveiled in 2006. But the policy‘s 

importance and complexity are just now coming to global attention as 

supporting regulations pour out of bureaucracies in Beijing and across the 

country.  

In Party liturgy, "Indigenous Innovation" is China's follow-on blueprint to 

Deng Xiaoping's 1978 "Reform and Opening.‖ The evidence for the historical 

importance of indigenous innovation includes: the turbulent preparation 

process, unprecedented senior level management mobilization, elaborate 

web of policies and implementation tools and surging government science 

and technology spending -- topping $130 billion this year, according to the 

National Bureau of Statistics -- as China races to develop its own integrated 

circuits, passenger airliners, global technology standards and all manner of 

intellectual property. 

All this is reinforced through frequent and forceful statements and speeches 

from President Hu Jintao and Premier Wen Jiabao. As Premier Wen said in 

unveiling the 2006 policy outline: ―We fundamentally have to rely on two 

main drivers, one, to persist in the promotion of opening and reform, and 

two, rely on the progress of science and technology and the strengths of 

innovation.‖ Indigenous innovation is a massive and complicated plan to turn 

the Chinese economy into a technology powerhouse by 2020 and a global 

leader by 2050.  

The landmark document that launched the campaign carries the bureaucratic 

title ―The National Medium- and Long-Term Plan for the Development of 

Science and Technology (2006-2020)‖ (now known in the West as the MLP). 

Bland as the title may be, the MLP describes itself as the ―grand blueprint of 
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science and technology development‖ to bring about the ―great renaissance 

of the Chinese nation.‖ The MLP preamble calls for the Chinese people to 

―seize the opportunities and meet the challenges brought by the new science 

and technology revolution‖ … because … ―despite the size of our economy, 

our country is not an economic power, primarily because of our weak 

innovative capacity.‖  

The MLP blueprint is full of grand visions, good intentions and gilded rhetoric 

about international cooperation and friendship. It calls for fostering open-

minded scientists who take risks and work in collaboration with the best 

scientists across the globe. It encourages Chinese enterprises to establish 

overseas research and development centers. It calls for ―establishing the 

nation‘s credibility and image in international cooperation‖ and ―to perfect 

the nation‘s intellectual property rights system.‖  It also sets goals for 

expanded cooperation with foreign universities, research centers and 

corporate R&D centers. 

But it is also steeped in suspicion of outsiders. The MLP explicitly states that 

a key tool for China to create its own intellectual property and proprietary 

product lines will be through tweaking foreign technology. Indeed, the MLP 

defines indigenous innovation as ―enhancing original innovation through co-

innovation and re-innovation based on the assimilation of imported 

technologies.‖ It also warns against blindly importing foreign technology 

without plans to transform it into Chinese technology.  

The report states: ―One should be clearly aware that the importation of 

technologies without emphasizing the assimilation, absorption and re-

innovation is bound to weaken the nation‘s indigenous research and 

development capacity.‖ As a result, the plan is considered by many 

international technology companies to be a blueprint for technology theft on 

a scale the world has never seen before. As the MLP blueprint was pushed 

through the Chinese bureaucracy, the openness and international 

cooperation aspects seem to have been trimmed away.  

The major implementing rules and regulations are emerging encased in what 

some scholars have dubbed ―techno-nationalism.‖ The bureaucracy‘s 

thinking bears some resemblance to the architect of the magnificent National 

Grand Theatre‘s vision of his creation as a ―cultural island in the middle of a 

moat.‖ 



20-20 Hindsight 
 

 456 

Policies forming the moat include a mandate to replace foreign technology in 

such ―core infrastructure‖ as banking and telecommunications systems. That 

means products like integrated circuits, operating software, switches and 

routers, database management and encryption systems.  In 2003, a high-

level Chinese leadership body created what is known as China‘s 5-year 

National Cyber Security Strategy to address threats to information systems 

and networks through an indigenous national assurance system under firm 

domestic control.  

This is a comprehensive and confidential strategy, with its priorities reaching 

just about every aspect of information security technology. As part of 

China‘s national cyber security system, the Ministry of Public Security (MPS), 

the State Council Informatization Office (SCITO) and the State Secrets 

Bureau issued a technical policy in 2007 known as the Multi-Level Protection 

Scheme (MLPS).  

Under the MLPS and its Implementing Measures, the core intellectual 

property of all products, systems and information security management 

technologies used in ―critical infrastructure‖ such as banks, ports and utilities 

must be Chinese. Patent rules now make it easier for domestic retaliation by 

Chinese companies which face overseas Intellectual Property Rights (IPR) 

lawsuits from foreign competitors. Under China‘s Patent Law, applicants can 

obtain utility model patents that are issued quickly and are harder to 

invalidate based on prior art because they do not undergo a substantive 

examination. Product testing and approval regimes are geared to delay the 

introduction of foreign imports into China; and to study foreign designs and 

production processes before the products cross the border. 

A refocus on state-industry monopolies and controlled competition privileges 

accompanied the enactment of an anti-monopoly law that seems fixated on 

foreign transactions. In 2004, while the AML was being drafted, the State 

Administration for Industry and Commerce commissioned a survey to 

identify abuses of intellectual property by MNCs so that appropriate 

regulations could be drafted and remedies imposed.  

The list of abuses included common unilateral refusals to deal, and the 

example used in the survey to illustrate that practice involved the largest 

network equipment manufacturer (i.e., Cisco) allegedly refusing to license its 

IP to Chinese companies which wanted to connect to its equipment. See 

―Multinationals' Anti-Competition Behavior in China and Counter-Measures 
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Therefore,‖ Industry and Commerce Administration, Section (1)D, Issued by 

the Anti-Monopoly Division, Fair Trade Bureau, State Administration for 

Industry and Commerce (March 1, 2004). 

Government procurement policies block products not designed and produced 

in China. In 2002, China enacted the Government Procurement Law, which 

provided (with a few exceptions) that procurement purchases by 

government organizations should be limited to domestically-made goods. 

Since that time, a variety of implementing measures on government 

procurement have been issued under the 2000 law. 

Chinese industrial and technology standards serve as market barriers to 

foreign technology. China is revamping its standards system to (i) lessen the 

―control of foreign advanced countries over the PRC,‖ especially ―in the area 

of high and new technology‖; and (ii) increase the effectiveness of Chinese 

technical standards as important protective measures or barriers to ―relieve 

the adverse impact of foreign products on the China market.‖ See Preface 

and Part I, Section IV, ―Study on the Construction of National Technology 

Standards System,‖ Standards Administration of China (September 2004).  

With these indigenous innovation industrial policies, it is very clear that 

China has switched from defense to offense. The financial meltdown in the 

West, and China‘s deep-pocketed ability to maintain high growth, have 

convinced China‘s leaders that the time has come to step forward and make 

global rules and employ China‘s market to build global companies.  

Some Chinese scholars contend that Party leaders last year even edited 

Deng Xiaoping‘s authoritative 1989 foreign affairs directive; updating the 

wording to instruct Party officials to be less humble and more assertive. The 

holy grail of science and technology is considered the key to China finally 

breaking free from its embattled past.  

Premier Wen expressed this ―never again‖ view in November 2009 when key 

indigenous innovation regulations were unveiled: ―Only by using the power 

of science and technology will China, this massive ark, be able to produce 

the immeasurable ability to allow nobody to stop our advance forward.‖ 

China so far seems to be oblivious to the impossibility of having it both 

ways, hunkering behind the ―techno-nationalism‖ moat at home while 

reaching into the global network of science collaboration and research.  
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What is worrisome for the business community is that these indigenous 

innovation industrial policies are headed toward triggering contentious trade 

disputes and inflamed political rhetoric on both sides.  For the academic and 

scientific research community, the results could be devastating. Ethnic 

Chinese scientists in the U.S., who are involved in research projects and 

advisory bodies in both countries, could become tragic collateral damage if 

politicians decide to question their loyalties.  While China's scientists, 

prodded by the state, are making gains, significant discoveries and 

inventions are still few and far between given the enormous sums of money 

spent and China‘s impressive and fast growing talent pool.  

It would be difficult to find anybody in the international business community 

or among China‘s trading partners who oppose the Chinese leadership‘s 

2003 goal of upgrading the country‘s economy through ―scientific 

development.‖ China‘s remarkable rise in the past 30 years is an 

unprecedented global achievement that has brought the country great 

respect, admiration and many friends around the world. This extraordinary 

progress came from Chinese political leaders who displayed courage and 

confidence in making radical and painful changes in the country‘s system; 

and hungry and tireless citizens who gathered knowledge and know-how 

from around the world and worked 24-hours-a-day to succeed. 

While indigenous innovation is considered by China to be a bold second act 

of Deng‘s reform and opening, in the West the campaign is increasingly 

perceived as anti-foreign and regressive. Indigenous innovation seems to be 

a policy borne as much of China‘s fear of foreign domination as China‘s pride 

in its great accomplishments and desire to be a leader in the rules-based 

international system. For many multinationals – especially tech companies – 

the policies appear to signal that the pretense of goodwill is gone. The belief 

by foreign companies that large financial investments, the sharing of 

expertise and significant technology transfers would lead to an ever opening 

China market is being replaced by boardroom banter that win-win in China 

means China wins twice. 

Discriminatory Chinese standards are critical, according to the Standards 

Administration of China, because most other trade barriers (e.g., tariffs, 

import quotas and licensing requirements) have been removed as a result of 

WTO commitments. When it comes to technology transfers, Chinese officials 

believe foreign companies have been duplicitous and stingy. In their view, 

the bargain was market access in exchange for know-how and technology, 
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so foreign companies held back their best to contain China‘s rise.  

Multinationals, on the other hand, consider open markets to be the normal 

state of business. Their reluctance to bring their technological crown jewels 

to China comes from living through many years of rampant disregard for IP 

protection and joint-venture partners who reopened as competitors down 

the road once they got what they needed.  

These separate points of view, and China‘s persistent IP theft problem, are 

now compounded by the indigenous innovation industrial policies which 

compel technology transfers in order to have access to the China market. 

But the problem now goes far beyond the China market as multinationals 

expect to see their own technology coming back at them globally in the 

hands of Chinese competitors. 

At the same time, many multinationals are increasingly dependent on their 

China profits. As one conglomerate strategist said: ―We can‘t afford to 

antagonize China.‖ Behind the smiling faces they display in Beijing, many 

foreign tech executives are rethinking their China plans as they try to figure 

out whether they should, or how they can, adjust to the new Chinese 

system.  

Some figure that they may be better off entering into technology 

partnerships with Chinese government companies to have their products 

qualify as indigenous innovation and reap the profits for a few years before 

unloading those divisions as it becomes apparent their global prospects are 

likely doomed by the China deal. Others are looking to tap into Chinese 

indigenous innovation funds and partner with Chinese companies to enter 

into adjacent businesses where they aren‘t real players.  

Aerospace, telecoms and transportation are seen as the ripest opportunities 

under this scenario. But many single industry and single product companies 

could be destroyed in the process. Global markets are likely to become 

increasingly distorted and the end result could be a chilling effect on 

innovation globally. 

As political tensions rise over indigenous innovation, the Obama 

administration and Congress should understand this is not just another run-

of-the-mill China policy dispute that can be addressed through new rounds 

of bilateral diplomatic discussions and bombastic legislative initiatives. In the 

aftermath of the global financial crisis and in light of the Chinese 
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government funding much of the American budget deficit, there is a power 

shift underway—at least China firmly believes that. No matter whether or 

not the U.S. agrees with that view, the indigenous innovation campaign and 

surrounding web of industrial policies represent the beginning of a new era 

in not only the U.S.-China economic and political relationship but in China‘s 

relationship with international business and the developed world.  

What follows is an attempt to explain the details of China‘s still unfolding 

indigenous innovation industrial policies while placing them in historical, 

political, social and economic context. Only through understanding this 

―intricate web‖ and clearly analyzing the emerging and likely global 

repercussions can business leaders and policymakers in the U.S., China and 

across the globe seek solutions that avoid China becoming enmeshed in 

political confrontation and protracted trade disputes with those countries and 

companies that lead the world in innovation and invention. 

PLAYING SCIENCE AND TECHNOLOGY CATCH-UP 

When a rapidly modernizing West came knocking on the Qing Dynasty‘s door 

in the late 1700s, China was still hopelessly feudal and focused on literature 

and the arts. Since then, China has been playing science and technology 

catch-up with the West. The ―Self Strengthening Movement‖ of the 1860s 

was aimed at mastering weapons and transportation technology to fend off 

the foreigners. The early 1900s saw the first wave of Chinese students 

heading overseas. Chinese students at Cornell University in 1914 founded 

the Science Society of China. Modern universities with strong science 

curriculum were established by Western missionaries in cities across China. 

The KMT government under Chiang Kai-shek in 1928 formed Academia 

Sinica to coordinate basic scientific research. 

After the 1949 Chinese revolution, the remnants of Academia Sinica were 

renamed the Chinese Academy of Science (CAS) and reorganized as a 

carbon copy of the Soviet Academy of Science. The Soviet Union sent some 

11,000 scientists and technicians to China, while China sent nearly 40,000 

students to the Soviet Union. While the Soviets provided a massive 

technology transfer, Chinese Communist Party (CCP) bureaucrats took 

charge of all science and research facilities and focused them on mammoth 

projects to create an industrialized economy as fast as possible. Even today, 

the Party considers its first national science and technology plan, authored 

by CAS in 1956 with Soviet oversight, as one of its seminal achievements.  
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The 12-year plan listed 582 research projects. But it is now remembered as 

the ―two bombs and a satellite‖ plan that laid the groundwork for China‘s 

1964 atomic bomb, 1967 hydrogen bomb and 1970 ―East is Red‖ satellite, 

all projects to which U.S.-educated Chinese scientists were key contributors. 

China‘s science establishment was decimated by the 1957 Anti-Rightist 

Campaign and the Cultural Revolution; which lasted from 1966 to 1976.  

Chinese scientists who had returned after 1949 to build the new China, or 

escape McCarthyism in the U.S., were key players in China‘s science and 

technology accomplishments. But these political campaigns singled them out 

as spies and enemies. China‘s universities were closed, its research 

institutes shuttered and the country‘s scientists were sent to the countryside 

as it became more important to be ―red‖ than ―expert.‖ 

When Deng Xiaoping launched reform and opening in 1978, he focused 

immediately on science and technology as key to China‘s modernization. The 

State Science Commission summoned some 20,000 experts to draft a new 

blueprint for science to serve as a driver for restarting China‘s economy. 

Some 6,000 delegates participated in a March 1978 National Science 

Conference at which Deng Xiaoping called for fast action. ―Without the high-

speed development of science and technology,‖ Deng said, ―it is impossible 

to develop the national economy at a high speed.‖ 

That meeting produced a plan that focused on 27 sectors of research and 

108 key research projects. Eight large projects were planned in the fields of 

agriculture, energy, materials, electronic computers, lasers, space science, 

high-energy physics and genetic engineering. Since the day Deng Xiaoping 

unveiled science and technology as one of China‘s ―Four Modernizations,‖ 

science policy has been in the direct hands of the country‘s top leaders, far 

beyond anywhere else in the world. 

Formal responsibility was placed in the premier‘s hands in 1983 with the 

creation of a ―leading group‖ for science and technology, a structure the 

Party employs for its most crucial initiatives. Throughout the 1980s and 

early 1990s, science and technology system reforms and new programs 

went into fast-forward. At the same time, Chinese diplomats scrambled 

around the world signing S&T cooperation agreements with nearly 100 

countries. Thousands of Chinese scientists took up posts in nearly every 

major international science organization. 
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The Elixir of “Scientific Development” 

Progress in science and technology was top of mind for President Hu and 

Premier Wen as they came into office in March 2003. They were handed an 

economy advanced far beyond even Deng Xiaoping‘s impatient expectations. 

China boasted a treasure trove of city-center skyscrapers, gleaming airports, 

hyper-efficient cargo ports, suburban villa complexes, amusement parks, 

tourist retreats and renovated universities.  

These economic jewels were tied together with superhighways, satellites, 

fiber optics and the fastest and largest telecom build out in history. After 

decades of discussions, China had entered the World Trade Organization. 

Beijing was getting ready to host the 2008 Olympics. But the wide wealth 

gap between the cities and countryside, epidemic pollution, endemic 

corruption, several hundred protest demonstrations on any given day and an 

uncomfortable dependency on imported raw materials were just a few of the 

things that could keep the leaders awake at night. 

They heralded ―scientific development‖ as the elixir for China's structural 

problems and the main theme of their administration. Programs to improve 

social services and education in the countryside, reduce pollution, 

reinvigorate Party discipline and upgrade foreign investment to high tech 

manufacturing from low-wage assembly were put in place. They also gave 

marching orders for the state to purchase oil, ore and other key resource 

deposits overseas. 

There were a few bright spots on the science and technology front. In 

October 2003, China launched the Shenzhou V; its first manned spacecraft. 

The country‘s 12 academic institutes working on the Genome Project were 

closing in on disease-causing genes. Chinese nanotechnology research was 

spawning advances in coatings and materials. The most notable celebrated 

breakthrough in Chinese innovation occurred at Shanghai Jiaotong University 

in 2003.  

Chen Jin, a 35-year-old Fujian native with a University of Texas PhD and 

experience as a Motorola scientist, had invented a home grown Chinese 

microprocessor. Appearing on national TV surrounded by dozens of high-

level government officials, Chen unveiled the ―Hanxin,‖ or ―China Chip,‖ with 

the capacity to process 200 million instructions per second; proudly fulfilling 

a nearly two decade-long national goal. 
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Aside from these successes, the state of science and technology was bleak, 

if not a bit embarrassing. Despite the expenditure of billions of RMB through 

thousands of government programs and projects, China was still struggling 

to innovate and invent. Refurbished government research labs with world 

class instruments and well-educated scientists dotted the country. But their 

mission of helping Chinese industry was stillborn as Chinese private 

companies scrambled for quick profits and state-owned enterprise (SOE) 

managers were unfocused and distracted by their politics and perks. 

In their absence, the Chinese research institutes worked closely with 

multinationals which were accustomed to partnerships with universities and 

research labs. The best and brightest science graduates of Chinese 

universities continued to head overseas for advanced study and science 

posts. The U.S. alone was home to 62,500 China-born science and 

engineering PhDs. Mainland China natives were heading many American 

research labs and university departments. More than a few of them had 

been among the 60,000 Chinese students granted U.S. residence permits by 

President George Bush in 1990 in the aftermath of Tiananmen. 

Strong science leadership was sparse due to the 45-55 year old ―lost 

generation‖ that was the result of school closures during the Cultural 

Revolution. Overseas recruiting had brought mixed results. The ―100 Talents 

Program‖ of Chinese Academy of Science brought back 778 foreign scientists 

between 1998 and 2004, but fewer than half had doctorates and almost 

none had tenured appointments abroad.  

Some top level scientists were lured back, but most of them kept positions in 

both places, maintaining foreign university tenure while taking advantage of 

Chinese government funding and facilities for research projects. China was 

simply unable to bring back top talent due to uncertainty about academic 

freedom, the ability to conduct quality research and weak IPR protection. 

“Innovation with Chinese Characteristics” 

China was once the center of global innovation with such inventions as the 

compass, gunpowder, paper and printing. So why was the country struggling 

to become innovative? Scientist and historian Joseph Needham – whose 

―Science and Civilization in China‖ in the 1950s traced this subject in 

voluminous detail – believed that China lost the plot on innovation due to 

―bureaucratic feudalism.‖  
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Needham and a swarm of scholars who followed him contend that Chinese 

civilization lost its ability to innovate in the 14th Century when central 

government control was imposed in order to build canals, irrigation systems 

and other infrastructure that crossed boundaries of local fiefdoms. In the 

late 1990s, on the heels of a massive infrastructure building spree, Chinese 

scientists and their patrons in the government began to push for a ―national 

innovation system.‖  

CAS in 1997 issued a report entitled ―The Coming of the Knowledge Based 

Economy‖ that was distributed to top Party leaders. Then Chinese President 

Jiang Zemin got personally involved in reform efforts and arranged new 

funding for CAS on the advice of his son Jiang Mianheng, a Drexel University 

PhD, who was a vice-president at CAS and also head of a venture capital 

firm in Shanghai. Lu Yongxiang, a hydrologist and former president of 

Zhejiang University, in 1997 was appointed as the new president of CAS with 

instructions to reform what was still somewhat of a Soviet-style dinosaur. Lu 

became an active evangelist for Chinese innovation as he retired inactive 

scientists and reorganized CAS.  

Within a year, he launched a ―Knowledge Innovation Program‖ and 

consolidated the academy‘s 120 research institutes, investing in people and 

infrastructure with the goal of creating 30 globally recognized research 

centers. The CAS report and program caught the leadership‘s attention and 

made ―innovation‖ an increasingly fashionable buzzword. CAS Ex-President 

Jiang weighed in publicly in August 1999 with a keynote speech at a science 

conference. ―In today‘s world, the core of each country‘s competitive 

strength is intellectual innovation, technological innovation and high-tech 

innovation,‖ he declared. 

As PRC President Hu and Premier Wen worked through their scientific 

development agenda they realized that to realign the economy they needed 

to create drama and take drastic actions. So after conferring with their 

colleagues on the ruling 9-member politburo standing committee – 8 

engineers and one hydrologist – they decided to take a page from Deng‘s 

1978 playbook. 

With the rallying cry of ―innovation,‖ Premier Wen in mid-2003 used his 

position as head of the Leading Group on Science, Technology and Education 

to bring together the two heavyweights of science and technology in China – 

CAS and the Ministry of Science and Technology (MOST) – to coordinate an 
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old fashioned Soviet ―big push‖ style campaign. So with Premier Wen as the 

official leader, the Leading Group for the Development of a National Mid- to 

Long-term Science and Technology Development Plan was launched. As the 

home of China‘s most elite scientists and best-equipped research centers 

outside of the military, CAS used its global network to summon ethnic 

Chinese scientists from top U.S. universities and research centers to advise 

the effort. Before long some 2,000 scientists, bureaucrats and business 

managers were organized into 20 working groups to conduct specific studies 

and hammer out objectives and detailed plans. 

Prominent Chinese scientists, both domestic and overseas, were eager to be 

involved. There was much talk about radically revamping the government‘s 

S&T bureaucracy; taking decisions on projects and funding away from 

government officials and expanding the use of peer reviews for project 

approvals. The hope was to create an ecosystem of innovation in which 

communities of scholars would collaborate and criticize each other‘s work.  

Some argued for learning from the American innovation system since it had 

created the bulk of the globe‘s science breakthroughs for a few decades. As 

the discussions evolved, the working groups seemed to copy pieces of the 

current American S&T system and the old American S&T system. In the 

post-World War II era of the 1950s and 1960s, large American corporations 

often enjoyed monopolies or limited competition not unlike the large Chinese 

state-owned-enterprises of today.  

These American behemoths had the money and time to hire platoons of 

scientists and engineers and put them to work on radical innovations that 

didn‘t have immediate commercial applications. The research labs for AT&T 

and Xerox alone created many of the breakthrough technologies upon which 

much of today‘s communications equipment is based. 

This dramatically changed as the 1970s brought more foreign competition 

and computerization increased the ability to acquire and process 

information. The U.S. government dismantled monopolies and broke down 

competitive barriers. Financial markets forced companies to focus on short-

term results. U.S. multinationals now use in-house R&D for product 

improvements and outsource more research oriented activities to domestic 

or foreign laboratories and universities.  Many rely on acquiring young 

companies with innovative products to maintain a pipeline of inventions. At 

first, discussions were quite open and vigorous, with representatives of the 
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various agencies understandably taking positions that furthered their own 

interests. The National Natural Science Foundation of China (NSFC), 

modeled on the U.S. National Science Foundation, was a champion of 

focusing on peer-reviewed basic and applied research. The National 

Development and Reform Commission (NDRC), the country‘s macro policy 

planning powerhouse, wanted to keep the planners in charge. 

The Ministry of Industry and Information Technology (MIIT) wanted to 

protect its role in crafting China‘s industrial policies and its oversight of 

telecom, Internet, software and electronic goods manufacturing. The 

Ministry of Finance (MOF) and China Development Bank (CDB) sorted out 

the enormous funding responsibilities. The Ministry of Education (MOE) 

worked to guarantee projects and money for university labs and recruit 

Chinese scientists to come home. 

The Bureaucrats Beat The Scientists 

Responsibility for coordinating and drafting the plan was assigned to MOST 

Minister Xu Guanghua, a forestry specialist who had spent much of his 

career at CAS. Following his 2001 appointment, Xu had devoted himself to 

boosting Chinese innovation with his ministry in control of the process. 

MOST bureaucrats pushed hard during the internal debate to have the plan 

focus on ―megaprojects.‖ 

The 20 reports prepared by the 2,000 participants were reviewed by MOST, 

CAS and many others, and then MOST spent 12 months drafting the plan in 

consultation with MOF, CAS and the Chinese Academy of Engineering. 

Megaprojects moved higher and higher up the priority list. Once the veteran 

bureaucratic operators from MOST rolled up their sleeves, it became their 

show. When brainstorming came to a close, the scientists were pushed 

aside. They had argued for research grants allocated through peer review 

panels that included eminent scientists from around the world.  

Many staunchly opposed the idea focusing on megaprojects; saying that 

innovation could only come from individuals or small teams working on 

projects that they were passionate about and had undergone rigorous 

examination.  They argued that central planning and megaprojects would be 

wasteful exercises as thousands of people would have to come to consensus 

to move anything forward. Overseas Chinese scientists appealed to senior 

leaders to avoid heading down the megaproject path.  
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In the summer of 2004, a group of 11 ethnic Chinese scientists who were 

members of the Society of Chinese Bio-scientists in America wrote an open 

letter to Premier Wen saying that the big biology projects in the plan would 

stifle competition among scientists and hamper the prospects of genuine 

innovation. Nature magazine followed with a special Fall 2004 issue 

containing a collection of essays from prominent Chinese scientists, from 

inside and outside of China, which criticized the draft plan for giving 

bureaucrats too much power over scientists. Published in Chinese and 

English, the essays argued that the power to distribute research money 

should be taken away from MOST and funneled through peer review 

organizations. They argued that if megaprojects remained the central focus, 

money would be allocated to mediocre projects based on personal 

connections instead of pursuing real science. In one article, two U.S.-based 

ethnic Chinese neuroscientists joined China‘s senior life scientist from CAS to 

suggest that the power of MOST over research funding should be reduced; 

and perhaps the ministry should be disbanded altogether. 

When Chinese newspapers and magazines jumped into the debate, MOST 

and its supporters convinced the government‘s General Administration of 

Press and Publications to ban distribution of the Nature supplement; and the 

Party propaganda department warned editors to drop the topic and avoid 

playing into the hands of ―foreign forces‖. As the debate was squelched, 

scientists complained that China seemed unable to break out of Needham‘s 

―bureaucratic feudalism.‖ The favorite ditty in Chinese scientific circles 

became: ―Small grants, big review; medium grants, small review; big 

grants, no review.‖ 

Party leaders in December 2004 gathered their wider leadership circle for a 

briefing on indigenous innovation and the planning process. The 204 

members of the CPC Central Committee were summoned to listen to lectures 

on the draft S&T development plan. One of the most prominent speakers 

was Wan Gang, then president of Tongji University in Shanghai and a leader 

of China‘s R&D efforts on battery powered automobiles. While the German-

educated Wan was already quite prominent, his confidence and the clarity of 

his briefing got the top Party leadership talking about placing him in a key 

national role. As MOST bureaucrats drafted the MLP, eight members of the 

Party politburo standing committee visited CAS between November 2004 

and 2005 to learn about the academy‘s Knowledge Innovation Program.  
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In the 1980s and 1990s, CAS had been moving away from basic research 

and had adopted a strong commercial orientation. CAS leaders now told the 

Party bosses that their hope was to move CAS back toward basic research 

and fostering breakthrough innovations. CAS unveiled to the Party leaders 

its own Medium- to Long-Term Plan that set the ambitious goal of making 

CAS one of the top three research institutions in the world by 2020. 

“Indigenous Innovation” Becomes ACT II of “Reform & Opening” 

In October 2005, the CPC Central Committee met and elevated indigenous 

innovation to a strategic level equal to Deng Xiaoping‘s ―reform and 

opening‖ policy. The Party consensus was now formed. The indigenous 

innovation campaign was enshrined as a national strategy that would put 

science and technology development at the center of rebalancing China‘s 

industrial structure and development pattern. In a January 2006 speech, 

President Hu said: 

―In the face of international scientific development and 

increasing international competition, by seeing the 

development of science and technology as a central thread in 

the development strategy and actively committing to its 

progress, China can seize the opportunity for development.‖ 

Following President Hu‘s speech, the State Council in February 2006 released 

the official announcement confirming the Party‘s decision and unveiled the 

MLP blueprint. The MLP contained a comprehensive litany of hundreds of 

China‘s most serious problems and development shortcomings alongside an 

exhaustive list of goals and objectives for solving them through science and 

technology.  

The MLP called for using the guiding principle of zizhu chuangxin, or 

―indigenous innovation,‖ to leapfrog China into a leadership role in science-

based industry by the year 2020. But it also referred to a longer term goal of 

―laying the foundation for China to become a science and technology power 

by the middle of the 21st Century.‖ It was originally slated to be published in 

2005. But battles between the scientists and the bureaucrats, and disputes 

among government entities for control of projects and funding, delayed it by 

a year.  

In the end, Premier Wen personally intervened to referee and make the plan 

more detailed and action oriented. As it was unveiled, President Hu said that 
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China would follow a new path of ―innovation with Chinese characteristics.‖ 

The need for China to have a focused S&T strategy and practical policies 

aligned with fiscal discipline was made abundantly clear by a national 

embarrassment that surfaced right after the indigenous innovation policy 

was announced.  

Chen Jin -- the Shanghai professor who had become China‘s science rock 

star and a magnet for buckets of government money after unveiling his 

invention of the ―China Chip‖ in 2003 -- turned out to be a fraud. His 

downfall was doubly worrisome because the ―China Chip‖ was the product of 

earlier government efforts to spur innovation. The development of a home-

grown digital signaling processing chip (DSP) had long been a top domestic 

priority. The government had showered Chinese scientists, particularly those 

returning from the West, with handsome salaries and generous benefits.  

These scientists faced the twin problems of sky-high expectations in an 

already image-conscious society and enormous pressures to produce 

concrete results. It was this pressure cooker that produced Chen and his 

bogus chip. MOST and MOE had financed Chen‘s founding of a 

microelectronics school and research center with more than 100 employees. 

Chen had created a family of private companies and developed the Hanxin 

II, III and IV.  

All this began to unravel in December 2005 when several disgruntled 

employees claimed that migrant workers in Chen‘s lab had simply scratched 

off the  ―Motorola‖ trademark from the original prototype and replaced it 

with ―Hanxin.‖ In May 2006, after a 5-month investigation, the Chinese 

government confirmed the accuracy of the allegations and stripped Chen of 

his post and titles. 

A Rambling Plan of Breathless Ambition 

The vigorous and divisive debate in drafting the MLP blueprint, and the lack 

of clarity in how to implement it, are evident in the final document. It 

weaves back and forth in a dizzying fashion that packages programs and 

goals in multiple ways in various sections. 

 The plan targets 11 key sectors for employing technology development and innovation to solve 

China‘s problems. They include energy, water and mineral resources, environment, agriculture, 
manufacturing, transportation, information and services, population and health, urbanization, public 
security and national defense. Within these sectors, there are 68 priority areas that have clearly 
defined missions and expectations of technology breakthroughs. 
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 It also earmarks eight fields of technology in which 27 breakthrough technologies are to be 

pursued. These include biotech, information technology, advanced materials, advanced 
manufacturing, advanced energy technology, marine technology, laser technology and aerospace 
technology. 
 

 There are four basic research programs highlighted: protein science, nanotechnology, quantum 

physics and developmental and reproductive science. These research programs are aimed at 
exploring 18 basic scientific issues and hundreds of listed subsets ranging from the ―dialogue 
between the human brain and computers‖ to ―supersonic propulsion systems and super high-speed 
collisions‖ to the ―evolution of black holes and diverse celestial bodies‖ to ―biological processes 
within the earth’s system” and “the role of the central nervous system, immune system and 
endocrine system in health and major disease‖. 
 

 The MLP aims to solve China‘s energy natural resource shortage through coal liquefaction and 

gasification, renewable energy development, exploration and extraction technology and power grid 
efficiency. 
 

 Water shortages are to be fixed through desalination and efficient distribution systems. Dozens of 

pollution control objectives are aimed at cleaning up China‘s horrific pollution through 
environmentally friendly fertilizers, herbicides and pesticides and waste recycling. 
 

 Building a modern dairy industry and creating genetically modified crops are two leading aims for 

solving the country‘s food safety and limited arable land problems. 
 

 High speed rail and electric automobile technology are priorities as are next generation internet 

and supercomputers, stem cell based tissue engineering, energy efficient buildings, disease 
prevention, manufacturing robotics, deep sea exploration 
 expertise, fast neutron nuclear technology and drugs and reproductive health products ―to ensure 
that the country’s population is below 1.5 billion and the birth defect rate is below 3 percent‖. 
 

 The goal is to increase China‘s gross expenditure on R&D to 2.5 percent of GDP by 2020 from 

1.3 percent in 2006, with a target of basic research reaching 15 percent of R&D spending by 2020. 
 

 The plan called for China‘s overall reliance on foreign technology to ―decline below 30 percent‖ 

from an estimated 60 percent in 2006. 
 

 The MLP also directed that the number of patents and leading academic papers from Chinese 

nationals will rank among the top five in the world by 2020. 
 

MEGA-PROJECTS for “Assimilating and Absorbing” 

The most ambitious components of the plan are 16 megaprojects. They are 

vehicles for an import substitution action plan aimed at creating Chinese 

indigenous innovations through ―co-innovation‖ and ―re-innovation‖ of 

foreign technologies supplied by companies seeking to profit from the 

massive government outlays on the megaprojects.. 

According to the MLP, as the ―major carriers of uplifting indigenous 

innovation capacity,‖ the megaprojects are aimed at ―assimilating and 

absorbing‖ advanced technologies imported from outside China so the 
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country can ―develop a range of major equipment and key products that 

possess proprietary intellectual property rights.‖ The government 

procurement market is assigned to be a key driver for these projects. The 

plan calls for creating a buy-China policy for government procurement and 

expanding the creation of China‘s own technology standards to get out from 

under the burden of paying license fees and royalties to foreign companies. 

While the MLP identified the goals and specific sectors in which the 

government deemed innovation is of strategic importance, the 11th Five-

Year Plan for High-Technology Industries (2006 -2010) issued in December 

2007 formally detailed the 16 megaprojects. Based on official MOST 

definitions, the priorities emphasized in the 13 of the 16 Special Projects are 

detailed below. Three projects are currently deemed classified.  

 Core electronic components, high-end general use chips and basic software products 

 Large-scale integrated circuit manufacturing equipment and techniques 

 New generation broadband wireless mobile communication networks 

 Advanced numeric-controlled machinery and basic manufacturing technology 

 Large-scale oil and gas exploration 

 Large advanced nuclear reactors 

 Water pollution control and treatment 

 Breeding new varieties of genetically modified organisms 

 Pharmaceutical innovation and development 

 Control and treatment of AIDS, hepatitis and other major diseases 

 Large aircraft 

 High-definition earth observation system 

 Manned spaceflight and lunar probe programs 

 Undisclosed; believed to be classified military projects 

 

“Acting as the Bones to Support the Rise of a Nation” 

Implementing this massive plan was the subject of much debate and political 

maneuvering. Even before the detailed megaprojects were unveiled, the 

State Council in June 2006 issued what amounted to a ―playbook‖ of agency 

responsibilities and policy directives. 

To ensure that the megaproject plans didn‘t get lost in the Chinese 

bureaucracy, Party leaders assigned responsibility for the 99 supporting 

policies to ministers, vice-ministers and other senior officials by name and 

with deadlines attached. The NDRC was assigned the largest burden; with 29 
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policies to implement. The MOF and its tax administration got 25 between 

them. MOST got 17. The Ministry of Education got nine. 

 NDRC’s main assignment was to strengthen the ability of small and medium enterprises to 

innovate, including such tasks as developing guidelines for increasing the recognition of 
Chinese brands and developing guidelines for building national engineering labs. 
 

 MOF was assigned to produce the financial policy push and pull: tax breaks and other 

incentives for enterprises to invest in innovation, and policies for driving innovation through 
government procurement incentives. 
 

 MOST got the piggy bank, with the responsibility for assigning funds for science parks, 

research labs and the megaprojects. The China Development Bank was directed to open the 
spigot wide for soft loans to enterprises which pursue indigenous innovation projects. The 
Export-Import Bank of China was assigned to create special accounts for innovative 
enterprises. 
 

A year after indigenous innovation became China‘s new economic 

development mantra, Party leaders were still impatient for real action. Their 

answer was to reorganize and further modernize MOST to better manage the 

sprawling plan and its 16 megaprojects. In April 2007, Party leaders tapped 

the star of their earlier leadership briefing, Tongji University president and 

former 10-year Audi engineer Wan Gang, to become minister of MOST and 

the first non-communist of minister rank in 35 years. 

Wan Gang in June 2007 added muscle to MOST by establishing a ―Special 

Projects Office,‖ the equivalent of an economic war room to make the 

megaprojects happen. In conjunction with MOF, the megaprojects office 

evaluates applications, approves funding, monitors the projects and acts as 

a troubleshooter when problems arise. The budget for each project is very 

specific and identifies both central and local government contributions. Other 

ministries and agencies are supposed to lead implementation for each plan.  

The MOST megaprojects office organizes high-level, bi-monthly meetings at 

which ministers and vice-ministers gather with other senior officials to 

assess and push forward the megaprojects. This unprecedented high-level 

hands-on micromanagement demonstrates that the indigenous innovation 

program is the government‘s highest strategic economic priority. But it also 

should remind international government leaders and foreign technology 

company executives that the same ministers they meet in Beijing for friendly 

trade talks are also directing plans for creating Chinese technologies and 

companies to replace them. 
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The bureaucracy steadily moved ahead with laws to support the MLP. In July 

2008, a new ―Science and Technology Progress Law‖ placed into statutes 

that China was ―boosting indigenous innovation capacity and constructing an 

innovation-oriented country.‖ This law cleared the way for the mechanisms 

to examine, assimilate and re-innovate the key technologies and equipment 

imported using government or state-owned-industry money. 

As State Councilor Liu Yandong, the leading official responsible for 

technology policy, in 2007 had told a small group of ministers and techno-

policy elite: ―The majority of the market is controlled by foreign companies; 

most core technology relies on imports; the situation is extremely grave as 

we are further pressured by developed countries who use blockades and 

technology controls – if we are not able to solve these problems we will 

forever be under the control of others.‖ 

Premier Wen himself in December 2007 urged faster progress on the 

indigenous innovation program, saying that ―in today‘s world, science and 

technology is the ultimate deciding factor of a nation‘s overall 

competitiveness, with indigenous innovation acting as the bones to support 

the rise of a nation.‖ 

The money spigots opened in November 2008 when China responded to the 

Global Financial Crisis with the quick rollout of a 4 trillion RMB stimulus 

program which included 160 billion RMB for indigenous innovation. Within 

days, the government allocated 27 billion RMB for the first phase of work on 

three megaprojects: core electronic devices, semiconductors and wireless 

broadband. An additional five megaprojects were launched with stimulus 

money in the following months. 

No Shortage of Money 

The total amount that China spends on science and technology is not easy to 

determine. Funding is scattered across the central, provincial and local 

governments in addition to thousands of universities, government research 

labs and SOEs. According to figures from the National Bureau of Statistics 

that likely catch some but not all of these funding sources, in 2008 China‘s 

spending on science and technology reached 1.54 percent of GDP for a total 

of RMB 912 billion, or USD $133 billion at current exchange rates. The 

bureau reported that of this total, 21 percent was government money (split 

about 50-50 local and central); 70 percent was Chinese ―enterprise‖ money; 

some 4 percent was loans from financial institutions; and the rest scattered 



20-20 Hindsight 
 

 474 

among other entities. Academics who track these numbers say that they do 

not come close to reflecting reality. They suggest that much of the money 

attributed to ―enterprise‖ is most likely government money supplied to 

research institutes that have been registered as companies. Clear and 

detailed statistics aren‘t available. But it is clear that Chinese enterprises 

aren‘t major players in science and technology - and those that are involved 

usually depend on government funding; often through soft loans.  

Many SOEs are flush with cash, especially several dozen largest SOEs that 

have been chosen to become national champions and currently enjoy 

monopolies or controlled competition. When the plan was unveiled in 2006, 

the Party mouthpiece People‘s Daily complained that SOEs ―are not taking 

research and development seriously‖ and noted that some 75 percent of 

SOEs didn‘t even employ a single R&D staffer.  

The State-Owned Assets Supervision and Administration Commission, or 

SASAC, which holds the government shares and manages China‘s national 

level SOE behemoths, responded by ordering state industry throughout 

China to come up with indigenous innovation strategies. The order 

apparently fell on deaf ears. Former MOST Vice Minister Liu Yanhua in May 

this year told a Sichuan newspaper that 80 percent of large Chinese 

enterprises still don‘t have an R&D team. 

Despite the goals of enterprise funding, the majority of the indigenous 

innovation money will be allocated by MOST and NDRC from government 

coffers and soft loans from China‘s State Development Bank and Export 

Import Bank. There are a handful of programs dating back to the 1980s that 

have been the backbone of China‘s science funding system through which 

these funds will flow: 

 The 1982 Key Technologies Program is aimed at focusing scientists on addressing core 

scientific issues related to China‘s social and economic development. It has been China‘s largest 
ever scientific effort, involving scientists in some 1,000 research institutes. Every five years it 
produces an updated ―Key Science & Technologies Projects Plan.‖ Today the program handles 
some 20 percent of central government S&T spending and is under the supervision of MOST. 
 

 The 1986 National High Technology Research and Development Program (known as “863” 

for its March 1986 founding date) was launched to promote China‘s high-tech development in such 
key areas such as information technology, biology, aeronautics, automation, energy, materials and 
oceanography. Government institutes, university research labs and state-owned company R&D 
departments all participate in 863 initiatives. CAS is the biggest recipient of 863 money. 
 

 The 1988 Torch program has been responsible for building more than 50 national level high-tech 

zones across China. Managed by MOST, Torch will likely be tapped for funding infrastructure to 
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support indigenous innovation projects related to materials, biotechnology, electronic information, 
integrated mechanical-electrical and energy-saving technology. 
 

 The 1994 National Key Laboratories program was designated to increase S&T capacity by 

building research facilities with world-class equipment for basic and applied research. Within a 
decade, RMB 1.3 billion was spent building 153 key labs. The goal is for these labs to work with 
Chinese enterprise for innovation. 
 

 The 1997 National Basic Research Program (known as the 973 program) was created to 

conduct basic research aligned with such national strategic targets as agriculture, energy, 
information technology, healthcare and materials. Today it is the main central government program 
for basic research and it receives about 10 percent of central government S&T money. 
 

Filing Up the Toolbox 

The goals of China‘s indigenous innovation campaign and the megaprojects 

are implicit and clear – capture the market space for domestic Chinese firms 

with SOEs having the favored position.  

For example, the official goal of China‘s ―Next Generation Wireless 

Broadband‖ megaproject is called the ―1225 strategy,‖ the goal of which is 

to capture 10 percent of global patents, 25 percent of the telecom 

semiconductor market, 20 percent of the global broadband hardware market 

and 50 percent of the domestic market. The indigenous innovation campaign 

took on more shape as implementing policies rolled out: 

 The February 2006 ―National Outline for Medium- and Long-Term Science and Technology 

Development Planning‖ detailed preferences for domestic goods and service providers. 
 

 A September 2006 tax bureau ―Circular on Preferential Tax Policies for Innovation Enterprises‖ 

offered two year exemption of enterprise income tax. 
 

 The December 2006 ―Administrative Measures on the Accreditation of National Indigenous 

Innovation Products‖ outlined the plans for creating national indigenous innovation product 
catalogues. 
 

 The May 2007 ―Measures for Administration of Government Procurement Budgets for Indigenous 

Innovation Products‖ warned government at all levels to develop specific indigenous innovation 
procurement plans or they would lose procurement funds. 
 

 Also in May 2007, ―Measures for Assessment of Government Procurement of Indigenous 

Innovation Products‖ lowered government procurement supplier qualification standards for 
companies doing indigenous innovation. 
 

 In December 2007, MOF issued ―Measures for the Administration of Government Procurement of 

Imported Products‖ which directed that approval by a board of experts is necessary for government 
entities to purchase imported goods. It called for favoring foreign suppliers that provide the domestic 
industry with technology transfers and training services. 
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 A January 2008 ―Enterprise Income Tax Law‖ offered a preferential rate of 15 percent to high-tech 

enterprises designated by the government as indigenous innovation companies because they 
developed and owned their intellectual property. Circular 172 (April 14, 2008) provides that High and  
New Technology Enterprises (HNTE) requires ―independent ownership of core intellectual property 
(IP),‖ which is now defined to include the ―exclusive licensing for more than five years of the IP rights 
associated with an enterprise’s major business.‖ Despite this looser definition of IP ownership, an 
entity can qualify for the 15 percent rate only if it ―conducts continuous R&D activities‖ that are 
meaningful both in substance and in quantity. 
 
 

The Buy-China Plan 

China‘s plan to use its domestic market to drive its indigenous innovation 

campaign gained traction on November 15, 2009 with the release of the 

public draft of the ―Circular on Carrying Out the Work on Accreditation of 

National Indigenous Innovation Products,‖ known as Circular 618. MOST, the 

NDRC and MOF issued the joint circular announcing the creation of a new 

national-level catalogue of products that will receive preferential treatment 

in government procurement. Many provinces and municipalities had already 

prepared their own product catalogues most of which essentially cut foreign 

products out of local government procurement. The Shanghai catalogue, for 

example, listed 258 products; only two of which were from manufacturers 

with foreign investment. The unveiling of Circular 618 created a stir. It 

focused on six high- and new-technology fields: computers and application 

equipment; communications products; modern office equipment; software; 

new energy or new energy devices and high-efficiency or energy-saving 

products. It defined an indigenous innovation product as one which has IPR 

owned by a Chinese company and a commercial trademark initially 

registered within China.  

Foreign companies complained that their products, even if developed and 

made in China, would not meet these requirements. The foreign 

multinationals considered this to be thinly disguised protectionism as no 

global foreign company has initially filed its trademarks in China. 

Additionally, multinational R&D facilities in China are connected to global 

operations, so the products they create are often the result of global 

collaboration and not work only done in China. 

With Circular 618, the foreign business community and foreign governments 

began to connect the dots on the emerging ―China model‖ and the array of 

industrial policies and market access barriers that were part and parcel of 

the indigenous innovation campaign. Headlines in the international business 

press such as ―Business Sours on China‖ and ―Foreign Firms Feel Shut Out in 

China‖ led Premier Wen at his annual March press conference to promise to 
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meet with foreign business executives, something he had seldom done since 

coming into office. The Ministry of Commerce (MOFCOM) huddled with 

MOST, NDRC and other agencies to assess the situation. 

Meanwhile, in December 2009, MOST, MOF, MIIT and SASAC forged ahead 

with a catalogue of 240 types of industrial equipment in 18 categories that 

the government is encouraging domestic companies to produce to upgrade 

China‘s manufacturing base. Chinese companies that participate in the effort 

were promised a mix of tax incentives and government S&T subsidies as well 

as priority status on national indigenous innovation product catalogues. A 

month later, the State Council released the draft of implementing regulations 

for its Government Procurement Law. The draft defined a ―domestic product‖ 

as made within China‘s borders with ―domestic manufacturing costs 

exceeding a certain percentage of the final price.‖ MOF in 1999 had said that 

products with less than 50 percent of their value produced in China were 

considered imports. 

The government backtracked slightly on April 10, 2010, with draft revisions 

to Circular 618 that would soften some of the most controversial 

requirements. The draft removed references to ―indigenous brands‖ and the 

requirements that the trademarks and brands must first be registered in 

China and the IP owned by the local entity. Foreign business associations, 

however, continue to push for elimination of the indigenous innovation 

product catalogues altogether. 

“Actively” Get Something Accomplished 

So when did China shift from defense to offense? Some analysts trace 

China‘s more assertive commercial and diplomatic attitude to the Party‘s 

11th Ambassadorial Conference in Beijing in July 2009. The meeting was 

called to communicate the Party leadership‘s latest diplomatic strategy and 

policy directions led by the indigenous innovation campaign. China‘s 

ambassadors were summoned home for the event. They were joined by 

officials responsible for foreign affairs from the ministries, provinces and 

regions, as well as key SOE executives who carried minister or vice-minister 

ranking. The defining event was a speech by President Hu, presented with 

the eight other members of the politburo standing committee on stage with 

him. 

According to a report by Bonnie Glaser of the Center for Strategic and 

International Studies, President Hu urged the assembled officials to be more 
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assertive in their diplomatic duties and ―actively advocate multilateralism‖ 

now that America‘s reputation had been damaged by the global financial 

crisis. President Hu also announced a key new formulation to project China‘s 

―soft power.‖ He instructed the assembled Party leaders to be more 

influential in global politics, more competitive in global economics, more 

attentive to the country‘s international image and serve as a more appealing 

moral force in the world. The Chinese media quickly labeled the instructions 

―The Four Strengths.‖ 

But the real game-changing message at the conference may have been an 

extra dose of assertiveness and activism added to Deng Xiaoping‘s foreign 

policy guidelines that the Party has lived under since Deng issued them in 

1989 after the collapse of the communist Eastern Bloc. Deng‘s original 24-

character message had been boiled down and enshrined in Party liturgy as 

an eight-character slogan: Taoguang Yanghui, Yousuo Zuowei (Keep a low 

profile and bide our time, while getting something accomplished).  

The Chinese leadership is extremely sensitive about this slogan because it 

has been interpreted by some in the West as demonstrating that China is 

quietly amassing wealth and power while hiding its true intentions to 

dominate the world. Chinese scholars told Glaser that two additional 

characters were added to the slogan at the conference, though the expanded 

slogan hasn‘t shown up in open publications. Chinese scholars said that 

following heated debate, and upon the decision of President Hu himself, the 

word jiji, or ―actively‖ was added to the final phrase to make it ―while 

actively getting something accomplished.‖ 

The “China Model” 

This Party attitude adjustment came two and one half years after the 

government gave more clarity to the ―China model‖ of economic 

development led by SOE ―global national champions.‖ As China opened its 

economy wider to meet WTO commitments, the government found that 

foreign companies were quickly building dominant positions in sectors where 

WTO gave them enough running room. To protect what the government 

considered to be ―economic lifeline‖ sectors, SASAC in December 2006 had 

called a press conference to announce new regulations to clarify the role of 

SOEs in China‘s economy. 

SASAC divided state industries it wanted to protect through continued 

government ownership as being either ―key‖ industries that would remain 
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―state dominated‖, meaning majority owned and controlled by the 

government, and ―underpinning‖ industries that would remain ―largely in 

state hands.‖ The key industries named by SASAC are: armaments, power 

generation and distribution, oil and petrochemicals, telecommunications, 

coal, aerospace and air freight industries. The exact meaning of ―state 

dominated‖ was not clearly spelled out. It is likely to mean different things 

for these seven industries and their subsectors. It was made clear that for 

arms, oil, natural gas and telecommunications infrastructure that the 

government will have sole ownership or absolute control of all the central 

enterprises and all the ―major‖ subsidiaries associated with these industries.  

SASAC‘s circular also includes an ―et cetera‖ at the end of the list of sectors; 

thereby leaving room for expansion in the future. For aerospace and air 

freight, the circular said that the state retains sole ownership and absolute 

control of the central enterprises but not the subsidiaries. For the 

―downstream products of petrochemicals‖ and the ―telecommunications 

value-added service industry‖ the government would continue to encourage 

foreign investment and promote ―diversity in property rights,‖ according to 

the circular. The circular said that the state would play a large supervisory 

role in the ―underpinning‖ industries of equipment manufacturing, 

automobiles, electronic communications, architecture, steel, nonferrous 

metals, chemicals, surveying or design and science or technology. This term 

also means different things depending on the industry.  

 For equipment manufacturing, automobiles, electronic communication, 

architecture, steel and nonferrous metals; the state will retain absolute control or 

conditional corporate control of the central enterprises associated with these 

industries, according to the circular.   

 

 For science and technology and surveys and design, the state will have a 

―majority stake‖ in directing central enterprises to undertake these tasks. SASAC 

also announced a plan to make the SOEs more competitive through mergers and 

acquisitions to create some 20 or 30 powerhouse companies that would become 

―internationally competitive.‖ 

The “National Champion” Ecosystem 

To build Chinese national champion SOEs and implement the indigenous 

innovation plan, China has been crafting an elaborate and extensive 

ecosystem of industrial policies. It is built atop the solid base of foreign 

investment and ownership restrictions created in the 1990s, such as 50 



20-20 Hindsight 
 

 480 

percent maximum ownership of car plants and minority ownership limits in 

sectors ranging from telecom to genetically modified organisms to new 

energy equipment.138 This industrial policy ecosystem includes: 

 A domestic patent regime allowing the use of “junk patents” that can be employed to 

retaliate against foreign companies inside China which have filed IPR violation lawsuits 
against Chinese companies outside of China; 
 

 Compulsory certification and standards requirements that slow or block the entry of 

foreign products into the China market; 
 

 Requirements for the disclosure of technology secrets and other proprietary information 

that serve to exclude foreign products from major Chinese markets; and 
 

 Uneven and lax enforcement of IPR protection. 

 

Chinese government officials and many Chinese business people view 

technology and industrial standards as trade weapons used to discriminate 

against them. As a result, mandates to create and legitimize Chinese 

product standards through pushing products into the fast-growing Chinese 

domestic market are woven throughout indigenous innovation initiatives. 

Most international product and technology standards, with the associated 

testing and certification for conformance, are the result of inventions that 

capture a market and the combined efforts of industry coalitions and non-

government standards bodies. In China, this process is turned around. 

Standards are established by government bodies which manage the 

certification process then push them into the marketplace. The backdrop for 

this is that private industry has just been re-established in China; and there 

have been many cases where private companies steal IP and produce 

shoddy products as they cut corners to beat others to market.  

As a result, Chinese citizens by and large trust the government to be more 

reliable to create and police product standards. With the government 

controlling standards, certification and testing regimes can be formidable 

tools for protectionism. Under the indigenous innovation campaign many 

restrictions, requirements and constantly changing standards have been 

coming out of China‘s national and local regulators. A key piece of this is the 

Chinese Compulsory Certification system which issues the ―CCC Mark‖ of 

                                                 
138 For a comprehensive analysis of how the Chinese government is using a multitude of policies to build up a  
         strong domestic renewable energy industry through national champion SOEs, see “China’s Promotion of the  
         Renewable Electric Power Equipment Industry – Hydro, Wind, Solar, Biomass,” Dewey & LeBoeuf, LLP (March  
          2010). 
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safety approval for China‘s tech and industrial products. The CCC system is 

estimated to affect some 20 percent of U.S. exports to China. In almost all 

cases, the products are already approved by qualified international 

organizations. But China requires redundant testing by Chinese government-

owned labs and recertification; which often starts with the foreign 

manufacturers paying international travel expenses for Chinese inspectors to 

visit their factories. Incredibly detailed requirements often delay foreign 

products as Chinese competitors capture the market. For example, 

cosmetics companies must submit each new shade of lipstick or nail polish 

for months of separate testing and certification. 

China in August 2008 enacted an ―Anti-Monopoly Law‖ (AML) that 

incorporates key elements of antitrust laws from Europe, the U.S., South 

Korea and Japan. The law can be a useful tool for industrial policies because 

it lacks many details and legal clarity. It also essentially exempts state-

sanctioned monopolies and SOE-dominated sectors, thereby giving 

enforcement agencies and courts wide discretion to use the AML to protect 

domestic companies and boost the fortunes of national champions. 

The AML focuses on three types of monopolistic conduct: ―monopolistic 

agreements‖ that involve such actions as price-fixing and the divvying up of 

markets; the ―abuse of a dominant market position‖ that is defined as the 

ability to ―control prices, quantities and other transaction terms‖ or ―affect or 

prevent market entry;‖ and ―mergers and acquisitions‖ that lead to 

concentrations that ―exclude or restrict competition.‖ The AML presumes 

market dominance if any single company has a market share in excess of 50 

percent, any two firms have a market share exceeding 66 percent or any 

three firms have market share exceeding 75 percent. 

Multinationals are greatly concerned about the AML and its presumption of 

market share limits as well as its apparent exemption for SOEs that are built 

up by the central government. When the AML was drafted, there was a 

major debate and division among PRC policymakers on whether to subject 

SOEs to restraints on anti-competitive conduct. A compromise was achieved: 

The chapter on abuse of administrative powers remained in the final law, but 

the AML apparently excludes operational activities of SOEs with a controlling 

position in industries vital to the Chinese economy as long as they are 

supervised to protect consumer interests and advance technological progress 

and they act in accordance with applicable law. Compare AML Article 7 with 

AML Chapter V (Articles 32-27).  
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This is like the fox guarding the chicken coop; as it could be interpreted to 

mean that SOEs which dominate their industry as a result of government 

policy preferences and legislative support are exempt from the AML. We 

have no other official guidance on the applicability of the AML to SOEs.139 In 

light of the indigenous innovation policy of replacing foreign technology in 

critical infrastructure and the mandate to reduce the use of foreign 

technology to less than 30 percent in the entire Chinese economy, 

multinationals with dominant market shares globally and in China may find 

the AML knocking at their door. In fact, some PRC officials have tried to use 

the AML to force technology transfers.  

The State Administration for Industry and Commerce (SAIC), which helps 

enforce the AML, has drafted a regulation that would allow compulsory 

licensing of intellectual property owned by a dominant company that 

unilaterally refuses to license its IP if access to such IP is ―essential‖ for 

others to effectively compete and innovate. 140 The refusal to license in such 

cases would be considered by SAIC to be an ―abuse of IP.‖  A similar 

provision was included in a 2005 draft of the AML itself, but extensive 

foreign criticism persuaded China to remove it. The AML as enacted 

condemns ―abuse of IP‖ by a dominant company but does not define the 

concept or the remedy for the conduct. See Article 55, Anti-Monopoly Law of 

the People‘s Republic of China (adopted at the 29th Meeting of the Standing 

Committee of the National People‘s Congress on August 30, 2007).  

Article 55 states that an entity can be charged with abusing its IP under the 

AML only if its exercise of IP is not in accordance with China‘s IP laws and 

regulations. The concept has quietly resurfaced in SAIC‘s draft regulation; 

which could be used to force compulsory licensing of MNC technology to a 

budding Chinese competitor that alleges foreign IP is impeding its innovation 

capabilities. 

Intellectual Property Rights and Wrongs 

China has created a decent IPR legal regime on paper, but enforcement all 

too often appears to be deliberately weak. Since joining the World 

Intellectual Property Organization (WIPO) in 1980, China has created the 

laws and tools necessary to have respectable IPR protection. But the political 

                                                 
139 Action Urged on Antitrust Law, China Daily (Sept 1, 1998). 
 
140

 See Article 18, Guidelines for Anti-Monopoly Law Enforcement in the Area of Intellectual Property 
        Rights (Fourth Draft Revision). 
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will doesn‘t exist to pursue serious enforcement. As in many developing 

countries, much of Chinese industry got started by copying the products of 

others. Chinese law makes it difficult to find smoking guns if proprietary 

technology is stolen or leaked.  

As a result, some companies have become masterful in using pilfered 

blueprints and designs and sophisticated reverse engineering techniques to 

copy foreign products and jumpstart their companies. The patent system 

also enabled Chinese parties to ―hijack‖ patents of others – by claiming a 

patent on an invention that was not published anywhere in the world or sold 

in China, such as for a product invented by another and revealed at a foreign 

trade show. 

Taiwan, South Korea, Hong Kong and other Asian export bases were masters 

of piracy in the 1980s and 1990s. As Apple computer came out with new 

models, Taiwanese ―Pineapple‖ copycats were on sale in Taipei markets 

within weeks. While these actions led to many years of trade disputes, global 

distribution of the copycats was limited. The Asian Tiger economies were 

small. To build real scale, the products had to be exported, thereby giving 

customs inspectors the chance to mitigate damage to global supply chains. 

Then along came China, a continental-sized, fast-growth economy almost 

starting from scratch in terms of modern manufacturing and consumer 

goods. Copycat products could scale without crossing national borders. As IP 

theft in China created huge supply chain and distribution networks, more 

and more pirated goods have flooded into export markets. After joining 

WIPO in 1980, China step by step signed on to other international IPR 

agreements and conventions. China adopted its Trademark Law in 1982 and 

its Patent Law in 1984. Industrial IPR protections were promised in 1985 by 

joining the ―Paris Convention.‖ 

In June 1989, China acceded to the ―Madrid Agreement for the International 

Registration of Trademarks.‖ The Copyright Law was adopted in 1990. These 

have all been amended and improved many times in subsequent years, and 

supplemented by a host of other protections such as the 1991 Computer 

Software Protection Rules. Two key organizations under the State Council 

are responsible for IPR administration: SAIC and the State Intellectual 

Property Office (SIPO). The China Trademark Office and the Trademark 

Appeal Board are under SAIC. SIPO oversees the Patent Office.  
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The Copyright Office falls under the General Administration for Press and 

Publications. Special intellectual property courts have been established in 

large cities and many provinces. They represent a relatively highly skilled 

sector of the judiciary and a significant investment by the state in a 

relatively small area of total civil litigation. In 1992, the Supreme People's 

Court established an intellectual property division. While China now has one 

of the most active civil dockets in the world for IP cases, there is little active 

police or administrative enforcement of IP protection.  

Enforcement action in the courts often raises the question whether the judge 

is willing to overlook the political pressure to favor local companies and 

―indigenous innovation‖ even where it violates multinational IP rights. Doing 

so is especially difficult when the technology relates to one of the Chinese 

government‘s targeted industries. The recent guidelines of China‘s Supreme 

People‘s Court regarding the implementation of China‘s IP strategy contain 

much favorable language about the need to protect IP rights. But they also 

include several troublesome paragraphs indicating the judiciary‘s propensity 

to advance China‘s national innovation agenda. For instance, they note: 

―We should intensify the protection of core technologies 

which may become a breakthrough in boosting the 

economic growth and which have independent intellectual 

property rights so as to promote the development of the 

high and new technology industries and newly rising 

industries, improve the independent innovation capabilities 

of our country and enhance the national core 

competitiveness. 

In 1995, Customs was given authority to stop counterfeited goods from 

coming into or going out of China. Administrative enforcement is delegated 

to local IPR offices and police who often are most interested in protecting 

local businesses. Fines and punishment for administrative IPR cases remain 

too low to serve as adequate deterrents. Full access to civil and criminal 

channels is difficult due to very high value and volume thresholds for 

bringing criminal cases. 

Guidelines of the Supreme People‘s Court on Several Issues Regarding the 

Implementation of the National Intellectual Property Strategy, Par. 9 (No. 16 

[2009] of the Supreme People‘s Court March 29, 2009). The Guidelines also 

note that judges should: 
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 “fully appreciate that the implementation of the intellectual property strategy 
is an urgent need to build an innovative country, . . . and a crucial move to 
enhance the national core competitiveness by taking into account such aspects 
as helping to enhance the independent innovative capabilities of our country, 
improve the system of social market economy of our country, enhance the 
market competitiveness of the enterprises of our country, enhance the national 
core competitiveness and open wider to the outside world.” (Par.1). 
 
 “ensure the correct political direction . . . also improve the enterprises’ 
independent innovation capabilities.” (Par. 8). 
 
 “properly deal with the relationship between the competition policies and 
industrial policies. . . .” (Par. 16). 
 
 “. . . create intellectual property out of the independent innovation fruits, and 
to have them commercialized, industrialized and marketized.” (Par. 17). 

 

Attorneys who specialize in Chinese IP cases say that since the launch of the 

indigenous innovation campaign they have observed backtracking in China‘s 

progress toward an unbiased legal system that protects IPR. Chinese 

government officials and academics complain that China gave away too 

much in joining the WTO.  

They say it is unfair that at similar stages in their development Japan and 

the Asian Tigers had much weaker IPR protection systems than China when 

it agreed to join the WTO. ―Under the rules of the WTO, intellectual property 

rights, technical barriers to trade and antidumping have become a major 

barrier for most of China‘s companies to compete in the international arena,‖ 

former MOST Minister Xu Guanghua said in 2009. 

“Lock and Load” Your Patents 

China‘s patent regime has been tailored to help accomplish two major 

indigenous innovation goals. One is to incentivize Chinese companies to file 

patents that contain little substance so that they can learn the patent 

process for later filing of real invention patents. The other is for Chinese 

companies to be able to use domestic patents to retaliate against foreign 

companies which file intellectual property infringement lawsuits offshore that 

stymie the international expansion plans of Chinese companies. 

The key tool for accomplishing this is China‘s use of the German 

―Gebrauchsmuster‖, or ―utility model‖ patent. Such patents don‘t exist in the 

United States. Filings of these patents are not reviewed, and require only 

vague information. They can be used to obtain patents that are merely 

descriptions of products owned by others with a few small changes added in. 
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China‘s patent law also follows the European ―first to file‖ and not the 

American ―first to invent‖ principle. As a result, Chinese companies are able 

to obtain patents for products they didn‘t invent but for which they filed the 

patent first.  

The definition of ―invention‖ in Chinese patent law is also quite relaxed: ―any 

new technical solution relating to a product, process or improvement…‖ 

China‘s original March 1984 patent law was amended several times to bring 

it into closer alignment with international standards. A group of 1992 

amendments added food, pharmaceutical and chemical products as eligible 

items for patents. They also extended ―invention‖ patent rights to 20 from 

15 years; and ―utility‖ patent rights to 10 years from five years.   

In 1994, China joined the International Patent Cooperation Treaty (PCT), 

and the Chinese patent office was qualified to receive and process 

international patent applications. In 2000, China‘s patent law was amended 

to try to bring it into compliance with the WTO agreement on Trade-Related 

Aspects of Intellectual Property Rights (TRIPS). Recent developments have 

not been so positive. In March 2009, the Supreme Court encouraged local 

courts to ―dramatically‖ raise compensation awards against patent infringers.  

But most of these cases have been brought against foreign companies by 

Chinese holders of the ―utility model‖ patents  - or - ―design patents‖; which 

are even less rigorous than the utility patents. Both of these patent 

categories are considered to be ―junk patents‖ by most patent attorneys and 

regulators. Hundreds of thousands of these patents are filed every year in 

China as part of the indigenous innovation drive. Patent filing is part of 

SASAC‘s performance evaluation for SOEs. Local governments provide 

instant profits for companies by giving subsidies to pay for patent filing costs 

that often exceed budgeted costs. 

The turning point for China‘s patent regime came in October 2009 with the 

third amendment to the patent law. It added 12 new articles and revised 

about half of the original 69 articles. SIPO said the revision was aimed at 

promoting indigenous innovation and reducing China‘s dependence on 

foreign-owned patents. This third amendment required that patents for 

products ―completed‖ in China must be filed in China, and the patent holder 

must obtain SIPO approval for subsequent overseas filing. The patent also 

must undergo a security examination, a rule the U.S. also has, but in China 

the failure to follow this rule could subject the patent holder to criminal 
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charges for divulging ―state secrets‖ an elastic term with no clear legal 

definition. 

A ―compulsory licensing‖ provision was also expanded to include 

circumstances in which the patent holder has not ―sufficiently exploited the 

patent without any justified reason‖ within 3 years of approval, or when a 

court or administrative organization has determined that the patent is not 

being used in order to eliminate or restrict competition. These provisions 

give China wide leeway to force foreign companies to license technology in 

China. Chinese nationals accounted for 877,611, or nearly 90 percent, of 

976,686 patent applications in China in 2009.  Some 230,000 of these were 

―invention‖ patents which require detailed information and undergo detailed 

review. Utility patents numbered 308,861. Design patents totaled 339,654. 

So nearly three-quarters of Chinese patent filings were in the ―junk‖ 

category. 

French Lessons and Home-Court Advantage 

These ―junk patents‖ are proving to be a potent weapon against foreign 

companies. This became clear in September 2007, just three months before 

the list of 16 indigenous innovation megaprojects was unveiled. IP attorneys 

globally sent alert memos to their clients after the Intermediate People‘s 

Court in the coastal city of Wenzhou ordered the French electronics giant 

Schneider Electric to pay the Chint Group of Wenzhou RMB 334.8 million 

(about USD $50 million) in damages for infringement of Chint‘s China ―utility 

model‖ patent. This unprecedented penalty, 17 times higher than any 

previous IPR award in China, was undoubtedly approved at high Party levels 

as the Chint-Schneider dispute had been elevated to bilateral discussions as 

high as French President Nicolas Sarkozy and President Hu. But it was also 

the perfect case for China to use as a warning to multinationals who believe 

they will be able to sue Chinese companies for IPR infringement outside of 

China while continuing to operate unimpeded in the Chinese market. 

Founded in 1984 as a small workshop with a RMB 50,000 investment, Chint 

was the China market leader in low-voltage electronic apparatus in the mid-

1990s when it expanded into Europe where Schneider dominated the 

marketplace. Starting in 1995, Schneider filed 19 patent actions in Europe 

and 6 patent cases in China against Chint for infringements on various 

electric switches, relays and circuit breakers. Schneider won lawsuits in 

Germany and Italy but some others were dismissed by the courts. Various 
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injunctions against Chint selling products during the lawsuits slowed Chint‘s 

European expansion, however. 

As the lawsuits simmered, Schneider‘s attempts to engage Chint in merger 

discussions were rejected. In August 2006, as the indigenous innovation 

implementation policies were rolling out in Beijing, Chint counterattacked 

with the Wenzhou lawsuit accusing Schneider of using circuit breaker 

technology for which Chint had been granted a ―utility patent‖ in March 

1999. The lawsuit claimed that five models of Schneider products fell within 

the patent‘s scope and calculated that the global sales of these models had 

totaled RMB 883.6 million, with profits of RMB 334.8 million, from August 

2004 to July 2006. 

Schneider claimed that Chint‘s China utility patent was invalid as Schneider 

invented the products and had obtained French patents for the technology in 

the early 1990s. China‘s Patent Review Board in April 2007 rejected 

Schneider‘s plea to invalidate Chint‘s utility patent. In September 2007, the 

Wenzhou court ruled in favor of Chint and ordered Schneider to pay the 

company RMB 330 million in damages. A month later, MOFCOM approved 

Schneider forming a 50-50 joint venture with Delixi Electric Co., which is 

Chint‘s largest domestic competitor founded by two Chint founders who had 

left the company early in its existence. 

On April 15, 2009, Schneider and Chint agreed to a global settlement with 

Schneider paying Chint RMB 157.5 million (USD $23 million). After the 

ruling, Chint board chairman Nan Cunhui told Xinhua that other Chinese 

companies should follow his example of using Chinese patent laws to protect 

themselves from competition. "Suing business rivals for patent infringement 

is a common resort that some transnational companies use to elbow out 

competitors and dominate the market," Nan said. Two weeks later, Chint 

announced that its solar subsidiary, Chint Solar, had raised $50 million USD 

in its first round of venture funding. 

Raw Power Makes the Rules 

China‘s aversion to foreign product standards goes hand in hand with 

feelings of victimization by foreign patents. As China built out its telecom 

system and became an electronics manufacturing center in the 1990s, 

Chinese industry complained that they were doing all the work but their 

profits were going to foreigners for royalties and license payments. 

Newspaper headlines screamed about license fees paid to owners of the 



20-20 Hindsight 
 

 489 

European GSM and American CDMA telecom standards patents. The Chinese 

government estimated that the percentage of fees to foreign companies on 

wholesale prices constituted 20 percent of handsets, 30 percent of 

computers and 20-40 percent of machine tools. Chinese DVD player makers 

claimed they paid $10 in royalties for each product they sold for about $30. 

Wu Xiahua, the director of National Special Display Engineering Research 

Center, estimates that China currently pays USD $45 billion in licensing fees 

to various foreign 

IP holders every year. Shortly after the Hu-Wen administration came into 

office, China pushed back. In November 2003, a coalition of eight Chinese 

ministries announced that by June 1, 2004 all wireless devices sold in China 

must include support for a new Chinese home-grown standard for wireless 

local area networking (or WLAN). This new standard was to be used in 

computers and other networking equipment in China for communicating with 

wireless hotspots, printers and other accessories.  

The Chinese standard, dubbed ―WAPI‖ for Wireless Authentication and 

Privacy Infrastructure, was billed as being able to resolve security loopholes 

in a protocol known as 802.11, or Wi-Fi, the global standard for wireless 

networking. In reality, however, it suffered from a number of technical 

limitations. Foreign computer and chip makers who wanted continued access 

to the Chinese market were told to partner with one of 11 Chinese politically 

connected companies to which the WAPI standard had been disclosed. A 

more recent example involves the Aigo vs. HP and Aigo v. Toshiba cases, 

also asserting patent infringement. See Mark Lee & Debra Mao, ―China‘s Aigo 

Sues Hewlett-Packard, Toshiba for Patent Violation‖ (April 27, 2010); 

available: www.bloomberg.com. Notably, as in the Schneider case, the IP 

here also involved utility model patents that are harder to invalidate based 

on prior art than invention patents because they are not subject to 

substantive examination. 

This action immediately escalated into a major trade dispute. Foreign chip, 

computer and communications equipment makers worried that complying 

with WAPI would require sharing confidential designs and encryption 

technology with the Chinese companies and government. They also feared 

that WAPI would force them to produce separate products for China and the 

global market. The American Wi-Fi Alliance in January 2004 announced it 

would support suspending the sale of Wi-Fi chips to China if a compromise 

wasn‘t reached. By April the issue had become so controversial at high 
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political levels that Vice-Premier Wu Yi announced that China would 

―indefinitely delay‖ WAPI enforcement. 

Nonetheless, China forged ahead, submitting WAPI for recognition by the 

Geneva-based International Organization for Standardization, a standards 

setting body with representatives from 163 countries that promulgates 

worldwide proprietary industrial and commercial standards – of which only a 

few are free of charge. In March 2006, the ISO rejected the WAPI standard 

and the Xinhua news agency huffed that the rejection was the result of an 

―organized conspiracy against China.‖ Others pointed out that China had 

refused to reveal the core algorithms and approved standards are required 

to be transparent. 

In March 2006, just one month after the official launch of indigenous 

innovation, the government formed a WAPI Industry Alliance of 22 top 

domestic IT and telecom enterprises. WAPI was established as the standard 

for products eligible for government procurement, and WAPI technology was 

installed in stadiums for the 2008 Beijing Olympics. MIIT announced that 

previous ISO decisions applied only to computers and required that all 

mobile phones sold in China starting in 2009 support WAPI. But they were 

also allowed to simultaneously have Wi-Fi. So Nokia, Motorola, Samsung and 

all the others complied. Chinese customers continue to use Wi-Fi, but the 

WAPI alliance members have gained a steady revenue stream; five years 

after their battle for royalties began. 

New Telecom Standard Gets off „Hold‟ 

As China looked ahead to upgrading its mobile phone system to 3rd 

Generation, or ―3G‖, the government was determined to end the bleeding of 

royalty money to foreigners. The technology could be a gold mine as it 

would allow mobile phone web surfing and video through faster connections 

and the simultaneous use of speech and data. But officials had also learned 

through their WAPI experience that bureaucratic intimidation alone would 

likely not be the best route to promote TD-SCDMA. Chinese telecom 

scientists and equipment vendors teamed up with Siemens to develop a 

Chinese standard known as TD-SCDMA. Mobile telecommunications networks 

require an air interface that links a mobile station and a base station.  

The standard air interface found in 3G networks is called W-CDMA, a 

technology both developed and patented in Japan. W-CDMA‘s use as a 

market standard meant that, by the mid-2000s, the Chinese government 
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and Chinese companies had already paid out millions of dollars in licensing 

fees to non- Chinese patent holders. So in January 2006, as President Hu 

gave a speech launching indigenous innovation as ―the core of national 

competitiveness,‖ MIIT formally announced TD-SCDMA as the country‘s 

standard for 3G mobile telecommunications. But the Chinese technology had 

significant technical problems and consumers were impatient for quality 3G 

deployment. The government planned to run a series of trials from March 

through October 2006 before introducing TD-SCDMA to the market. But the 

trials concluded two years behind schedule. China‘s three mobile companies 

also balked at adopting an air interface incompatible with global mobile 

telecommunications devices.  

Finally, MIIT and SASAC ordered the three carriers—China Mobile, China 

Telecom and China Unicom—to build commercial trial networks in eight 

Chinese cities. The trials were costly and complicated, and the technology 

less than reliable. In January 2009, responding to vocal consumer 

complaints about the delay in 3G and worries that China would be stuck with 

an inferior system, MIIT granted international 3G standard licenses to China 

Unicom (W-CDMA) and China Telecom (CDMA-2000). But the Chinese TD-

SCDMA standard was assigned to China Mobile, the dominant carrier and 

world‘s biggest in number of subscribers, to ensure the system had sufficient 

financial and technical backing to be successful. The licenses were projected 

to spark more than USD $40 billion in equipment spending. By the time TD-

SCDMA was deployed, however, the telecom world was already moving into 

4G technology. 

Barriers and Blunders 

For some foreign tech companies, the indigenous innovation campaign may 

present them with life-and-death decisions in the China market. For those 

with encryption as their core IP, such decisions are imminent. Foreign smart 

card producers – the cards with embedded chips that are used for mobile 

phones, public transportation, national and school IDs and similar functions -

- have already been hammered by Chinese encryption regulations issued in 

August 2007 as part of the indigenous innovation policy rollout. 

The draft regulations required compulsory testing and certification of 13 

security product categories. This includes smart cards, firewalls, routers, 

database systems, anti-spam software and various other network and web 

security systems. Companies with such products are required to obtain 

China Compulsory Certification (CCC) approval before they can be produced 
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and marketed in China. Going through the process for obtaining CCC 

certification would require the disclosure of source code and other trade 

secrets.  

To comply, for example, such companies as Cisco Systems, Lucent, Norton 

and many others would have to reveal their encryption secrets and thereby 

potentially make their global systems vulnerable to Chinese government and 

industry snooping. For the smart card industry, the rules meant revealing 

their Chip Operating System, or COS, the instructions permanently 

embedded in the card memory that constitute the core commercial secrets 

of the technology. An accompanying regulation added an additional hurdle.  

To apply for CCC certification, products with commercial encryption 

technology must first obtain certification from China‘s Office of Security 

Commercial Code Administration (OSCCA). Japan and the European Union, 

home to the world‘s major smart card producers, in alliance with the U.S. 

government and tech industry, threatened trade actions. China in April 2009 

watered down the policy. The inspection and certification requirements were 

limited to products eligible for government procurement; and 

implementation was delayed to May 1, 2010. 

But Chinese banks, and transportation companies which oversee subway and 

taxi cards, switched over to indigenous smart cards after the initial 2007 

rules came out. CCC certification is a prerequisite to smart cards being 

included in the various indigenous innovation product catalogues. The 

leading global telecom and IT equipment makers and software vendors let 

the May 1 deadline pass without complying. 

This certification requirement for products with encryption runs parallel to a 

June 2007 indigenous innovation government mandate that establishes 

guidelines to categorize information systems by the potential of a breach in 

the system to damage China‘s social order, public interest or national 

security. The measure specifies five categories of security; with Level 1 

being normal and Level 5 being related to top national security. 

Dubbed the Multi-Level Protection Scheme (MLPS), the measure lays out 

detailed technical standards for products used at each level and specifies 

that security products used for Level 3 and above must have independent 

Chinese IPR, core technology and ownership. The information systems of 

China‘s banks, telecom companies and other key industries are classified as 
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Level 3 and thereby appear to exclude foreign vendors. This security scheme 

helped lay the foundation for the most public and embarrassing outgrowth of 

the indigenous innovation campaign so far: the infamous ―Green Dam‖ 

fiasco. 

In early 2009, seven Chinese ministries announced a ―Special Campaign to 

Restore the Internet from a State of Vulgarity‖ and launched a multi-million 

dollar effort to purge the Internet of content unsuitable for China‘s youth. In 

keeping with seeking indigenous solutions, contracts for the filtration 

software had been handed to two Chinese companies. 

One was headed by a Beijing businessman who was in business with a 

prominent member of the National People's Congress. The other was a 

company from Zhengzhou with close relations to top local Party officials. 

Their product hit the market in May 2009 when MIIT announced that all 

computers produced or sold in China after July 1 must be pre-installed with 

―Green Dam – Escort of the Youth‖ software manufactured by these two 

companies. All schools were ordered to install it immediately. By the end of 

May, the Green Dam project website claimed more than 52 million 

installations. 

The software was supposed to block pornography and other banned content, 

but it turned out to be a buggy mishmash of pirated code that didn‘t work. 

‗Garfield‘ cartoons were blocked but much pornography went unfiltered. The 

software crashed personal computers and destroyed user files and data. 

Chinese netizens and bloggers went ballistic while newspapers dug into the 

company backgrounds and the software code.  

It turned out that the RMB 40 million paid by MIIT for one-year usage rights, 

and previous government funding to the companies, had been spent to ―re-

innovate‖ software code from a U.S. firm called Solid Oak. Less than a 

month after Green Dam was unveiled, MIIT officials informed Chinese 

netizens that while vendors would still be required to ―provide‖ the software, 

use of the software would no longer be mandatory. Both companies were 

later sued in U.S. court for copyright infringement. 

Damned If You Do; Damned If You Don‟t 

The indigenous innovation drive is forcing foreign technology companies to 

anguish over balancing today‘s profits with tomorrow‘s survival. With its 

extraordinary infrastructure plans and a continental-sized consumer market 
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that has just begun to really develop, China is a market no multinational can 

ignore. But the price of admission is getting more expensive by the day as 

China opens its policy toolbox to ensure that foreign technology allowed into 

China is accessible for ―co-innovation‖ and ―re-innovation‖ by Chinese 

companies. 

However, foreign firms are not excluded from participating in China‘s R&D 

initiatives. They are encouraged to offer their expertise, provide funding and 

establish their own R&D centers in China. The Chinese government wants 

foreign companies to participate in key S&T programs (such as 863 and 973) 

through cooperation with Chinese research institutions. 

Additionally, the government provides incentives for foreign-invested R&D 

centers, including exemptions of customs duties on imported equipment, as 

well as business and income tax deductions. Many multinationals have 

established R&D centers in China, but they are often tagged with the 

nickname ―PR&D‖ as many are labs focused on product improvements or 

redesign rather than real research as multinationals have little faith in 

China‘s IPR protection regime. 

Nonetheless, China seems headed toward being the driver of global growth 

for the next few decades. Trillions of dollars will be spent building more and 

more airports, ocean ports, highways, office towers, residential complexes, 

hospitals, shopping malls, sports facilities, consumer product factories, 

power plants and all the electronic communications systems, energy 

distribution networks and transportation and storage facilities that tie them 

together. 

China is expected to continue spending USD $60 billion to $80 billion 

annually just on electricity transmission and distribution equipment. This 

comes on the heels of China building the equivalent of the United Kingdom‘s 

entire installed electricity production base each year for the past five years.  

Government projections say that China will spend nearly USD $150 billion on 

subway systems in the next five years. The Ministry of Railways‘ most recent 

plan calls for adding another 34,000 kilometers to China‘s rail network by 

2020 at a cost of some USD $730 billion.  

So what could the future look like for foreign tech companies in China? 
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On the Fast Tracks 

It is no surprise that the world‘s train makers are transfixed by China, 

especially those who make high speed rail equipment. Dragonomics 

Research estimates that half of that USD $730 billion will go toward building 

16,000 kilometers of high speed rail lines—four north-south, four east-west 

and 19 inter-city lines. With 30,000 employees, 90 operating companies and 

61 regional offices in China, Siemens tracks these trends very carefully. 

The German conglomerate jumped at the opportunity in 2005 when the 

China National Railway Corporation (CNR) invited Siemens to join together 

on a contract to bid for supplying passenger trains for the Beijing-Tianjin 

high-speed railway. They were awarded the contract to build 60 passenger 

trains for the 115 kilometer railway that would reduce travel time between 

the two cities from several hours in clogged traffic to a fast 30 minute train 

ride.  

The contract, estimated to be worth USD $919 million, was for the provision 

of 60 units of its wide-body passenger trains capable of carrying 600 

passengers and travelling at 300 kilometers an hour. The first three trains 

were built in Siemens‘ German plant. The remaining 57 trains were made in 

China at CNR‘s plant in Tangshan. Siemens also brought 1,000 CNR 

technicians to Germany for training. 

The project opened with great fanfare prior to the 2008 Olympics. President 

Hu took an ‗inspection tour‘ ride in June 2008 and pronounced the project a 

―milestone in the history of China‘s railway development.‖ In March 2009, 

Siemens announced a follow-on project to provide 100 trains for the Beijing-

Shanghai high-speed railway. The Ministry of Railways denied the deal‘s 

existence; saying that the project would use Chinese technology. 

In the end, CNR was awarded a USD $5.7 billion contract and Siemens was 

contracted to supply USD $1 billion in components. No matter what the 

details, this squabble clearly demonstrates the Chinese government‘s 

appetite to select ―indigenous‖ technology for projects, even if it has to 

disguise that the technology originated from foreign sources. It appears that 

the Siemens technology transfer helped China become a global competitor 

for Siemens. Siemens and other foreign train makers now face a future of 

both competing against and cooperating with Chinese companies around the 

world. 



20-20 Hindsight 
 

 496 

Blowing in the Wind 

Technology transfer has always been the key priority in China‘s wind energy 

sector. In the 1980s, China established a series of research projects for the 

development of grid-connecting wind turbines with rated power ranging from 

18 KW to 200 KW. But these early prototypes were not commercialized as 

China‘s R&D cycle was too slow to keep up as the market rapidly advanced 

into larger turbines. So China refocused its effort on foreign technology 

transfers. Two forms were used: license agreements and direct joint-venture 

partnerships. 

China‘s domestic wind energy industry took off with the help of a set of 

major policy developments. In 2005, the NDRC required that all wind 

turbines in China must have at least 70 percent domestic content. The 2006 

Renewable Energy Law dramatically increased government money for wind 

energy projects and dozens of companies sprang up. The 2007 Foreign 

Investment Industry Guidance Catalogue listed wind turbine manufacturing 

as an encouraged industry for foreign participation. But to upgrade domestic 

wind turbine capabilities, foreign involvement in the manufacturing of wind 

turbines over 1.5 MW was restricted to joint ventures or partnership. 

Some leading foreign wind turbine manufacturers such as Vestas, Gamesa 

and Suzlon decided to operate independently despite these regulatory 

barriers. GE and a few others chose to follow the policy path. Technology 

transfers together with government financial subsidies, preferential tax 

policies and preferential treatment in project tendering and bidding have 

fueled rapid growth of domestic companies. In 2004, foreign wind turbines 

had a 75 percent market share in China. By 2009, the three largest domestic 

players, Sinovel, Goldwind and Dongfang alone had 60 percent of the 

market -- and the foreign share was down to 14 percent. 

The Chinese government in late 2009 removed the 70 percent local content 

requirement for wind turbines after complaints from foreign governments. 

But it was only a symbolic move. Domestic players now can independently 

manufacture and they own the market for 1.5 MegaWatt wind turbines, the 

mainstream size installed on today‘s wind farms.  

To promote continued indigenous innovation in the wind industry, China is 

regularly coming out with new requirements. The latest ones involve 

domestic restrictions in offshore wind turbine development and on 2.5 MW 

turbines manufactured in China. One foreign manufacturer said that their 
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attorneys had counted 36 separate regulations affecting the wind sector and 

that the foreign industry continuously plays ―whack-a-mole‖ as new 

restrictions pop up. 141 

Come Fly with Me 
In no other project or sector can the Chinese government‘s indigenous 

innovation campaign be seen more clearly than aerospace which is fueled by 

the country‘s aspiration to design and manufacture a large commercial 

aircraft that can compete with Boeing and Airbus. This endeavor is well 

underway. China has set the year 2014 as the target for the first test flight 

of its home-grown 150-seat airliner, known as the C919. Commercial flights 

are planned to begin in 2016. Creating a top quality indigenously developed 

passenger aircraft has long been a goal of the Chinese government. The first 

attempt came when a Pakistan Airlines Boeing 707 crashed in Western China 

in 1971 and Chinese engineers reverse engineered the remains to create a 

plane called the Yun-10.  

But it turned out to be as shoddy as the Russian planes they had been 

assembling for decades as China lacked necessary expertise and technology. 

In recent years, however, China finally has accumulated the technological 

and financial wherewithal to have a chance to be successful. The State 

Council first initiated a feasibility study into the possibility of developing a 

mid-sized indigenous passenger aircraft in 2003. The goal was enshrined in 

the 2006 MLP blueprint and the airliner became one of the top priority 

megaprojects. In March 2008, the China Commercial Aircraft Company 

(COMAC) was formed to drive the plane‘s development, manufacture and 

commercialization. 

The Chinese government believes that its domestic aviation market can 

easily make the plane a success. China air passenger numbers are growing 

20 percent annually, reaching 486 million in 2009 as compared to 769 

million in the United States. Boeing estimates that more than 2,100 aircraft 

in the 150-seat segment will be added to China‘s existing 1,400 commercial 

aircraft by 2030. Some other analysts, however, believe that once bullet 

trains are crisscrossing China the market for airliners of this size won‘t be as 

robust as currently projected.   

                                                 
141

 For a comprehensive analysis of how the Chinese government is using a multitude of policies to 
       build up a strong domestic renewable energy industry through national champion SOEs, see “China’s 
       Promotion of the Renewable Electric Power Equipment Industry – Hydro, Wind, Solar, Biomass,” 
       Dewey & LeBoeuf, LLP (March 2010). 
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The Chinese government also envisions the C919 as a global product with a 

price that will substantially undercut the Boeing 737 and Airbus A320. The 

Chinese government‘s core strategy for assembling the C919 is to trade 

market access for technology. Foreign players have been lining up to 

integrate their technology into the C919 design via technology transfers and 

joint development. Parker Aerospace, General Electric, Honeywell and 

Goodrich have all partnered with various Chinese entities or the main 

aviation SOE, the Aviation Industry Corporation of China (AVIC). 

No doubt the involved foreign suppliers are hoping for long-term China 

market access through these partnerships and technology transfers. The 

concern is that when COMAC is able to take care of itself ―indigenously,‖ the 

foreign aerospace firm may find themselves sidelined and competing globally 

against the Chinese companies they are now creating. The 2008 SASAC 

circular said that the state would retain sole ownership and absolute control 

of central enterprises in the aerospace sector. 

Open Minds; Closed System 

In unveiling the outlines of indigenous innovation plans in the 2006 MLP, 

China was quite critical of its science and technology system. The plan 

admitted that the capacity for innovation in government-led research is 

―especially weak,‖ that the country‘s research establishment is ―terribly 

uncoordinated‖ and that Chinese enterprises ―are yet to become a principal 

player in technological innovation.‖  The plan said that allocation of research 

resources and the evaluation of projects ―falls short of accommodating the 

[country‘s] needs‖ while China lacks ―mechanisms for rewarding outstanding 

personnel and encouraging innovation and pioneering activities.‖ But that 

doesn‘t mean that science is dead in China. Indeed, Chinese scientists in the 

past decade have become part of global science collaboration efforts, 

especially with their ethnic Chinese counterparts who head up major 

university science departments and research institutes in the United States.  

China‘s progress in global collaboration can be seen in the current number of 

leading Chinese science journals, some 130, up from only 27 ten years ago, 

as ranked by Thompson-Reuters Science Citation Index (CSI) which collects 

papers published in some 10,000 top-quality science journals published in 

44 countries. Thomson Reuters said that last year 122,998 Chinese scientific 

papers were included in the database; placing China third after the U.S. and 

UK. Also last year, China became the number one contributor to papers 

catalogued by the Engineering Index. In genomics and nanotechnology, 
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China is also creeping toward the top ranks. A key quality indicator in these 

databases is the number of citations a given paper receives in papers 

published by others. The world average of citations per paper listed in CSI is 

five. Papers submitted by Chinese scientists average fewer than three. 

Thomson Reuters analysts who track these numbers expect China to catch 

up to world average citations within 10 to 15 years. Looking back at the last 

decade, of the 92,000 most highly cited papers in the CSI database, some 

4,000 were from China. China‘s participation in global science cooperation 

could be severely damaged by political fallout from the view that indigenous 

innovation is a ―techno-nationalistic‖ industrial policy that aims to force and 

finagle foreign technology transfers for ―co-innovation‖ and ―re-innovation.‖ 

Add to this the explicit quotas for reducing national dependence on foreign 

technology and the outright mandate to replace foreign software, chips, 

communications equipment or other key products in Chinese ―critical 

infrastructure‖ and you have a policy that is increasingly viewed by 

American, European, Japanese or other developed country governments and 

companies as a protectionist plan that will encourage massive global science 

and technology theft by China. 

While a few prominent Chinese scientists have returned to China to live 

fulltime and work in Chinese universities and research institutes, most have 

been reluctant to give up their university tenure or research positions in the 

U.S. and Europe. Even when Chinese entities offer significant compensation, 

the scientists and academics usually keep one foot in each place. Chinese 

scientists with many years overseas are sometimes viewed as a threat by 

less-experienced but influential government scientists as well as by the 

MOST and NDRC bureaucrats who want full control of the scientific projects 

that they fund. 

As a result, there are dozens of top-notch ethnic Chinese scientists with 

senior roles and even department head positions at U.S. universities and 

research institutes who simultaneously have formal and informal advisory 

roles at Chinese universities and government research institutes. In this day 

of instant communications, convenient global air travel and constant 

international science conferences, global science research chains are as 

normal as global manufacturing supply chains. Just a few clicks through the 

Thomson Reuters CSI database will show that it is a normal practice for 

scientific studies to involve very close collaboration between researchers in 

Europe, America, China, Russia and other parts of the world. 
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But as U.S. politicians focus on the threat that China‘s indigenous innovation 

policies could pose to America‘s knowledge-based economy, these well-

meaning ethnic Chinese scientists—the best and brightest who left China 

seeking academic freedom and scientific accomplishment—could end up 

caught in the middle of U.S.-China politics and security paranoia. 

Lessons from the American Evolution 

China could learn some lessons from the U.S., where innovation has evolved 

from being a big company endeavor to a collaborative exercise involving 

universities, research institutes, startup companies and multiple pots of 

government money. A 2008 study by the Information Technology & 

Innovation Foundation shows how the U.S. S&T system evolved. The 

foundation analyzed American innovations from the past 40 years that were 

recognized by R&D Magazine as being among the top 100 innovations of the 

year. 

Some 80 percent of top innovations in the 1970s came from corporations 

working on their own. In the 1980s and 1990s, approximately two-thirds 

came from companies working in collaboration with universities and 

government-funded research labs or programs. The study‘s authors say that 

this dramatic shift is due to shrinking technology cycles from global 

competition and because the complexity of new technologies are often 

beyond the internal R&D capabilities of even very large companies. 

R&D spending in the United States has undergone a similar shift. In the first 

three decades after World War II, the federal government was responsible 

for two-thirds of funding. In the past three decades, this has been reduced 

to just over one-quarter. Industry spending on R&D in the U.S. now 

averages about $145 billion a year, approximately 72 percent of total R&D 

spending, according to the U.S. Chamber of Commerce. 

R&D in the United States is now an extensive and flexible industry-

university-government combination. The study, for example, cites a 2006 

award given to the government‘s Oak Ridge Lab for metal infusion surface 

treatment that had 14 companies, large and small, involved; as well as 

scientists from the University of Tennessee. In the 1970s, the Fortune 500 

firms that frequently received R&D 100 awards had been given substantial 

direct federal funding. 
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Many recent awards have gone to small companies that receive money from 

the Small Business Innovation Research program (SBIR), which is essentially 

the U.S. government‘s quasi venture capital arm. The program mandates 

that all federal government agencies that finance R&D must set aside 2.5 

percent of their budget for projects with small businesses. In 2004, for 

example, SIBR distributed $2 billion for some 6,300 separate research 

projects. 

Firms funded through this program now consistently account for one-quarter 

of the annual R&D 100 awards. Despite the reduction in its overall 

percentage of R&D spending, federal funding is still very important in 

American innovation. The study found that the number of federally funded 

innovations rose to 77 in 2006 from 41 in 1975. While U.S. technology 

policies were monopolized by the military and space programs in the 1970s 

and earlier, the agencies today that support R&D initiatives include the 

Department of Commerce, Department of Energy, National Institutes of 

Health, Department of Agriculture, National Science Foundation and 

Department of Homeland Security (among others). 

The Past is Not the Way Forward 

China is a country in a race against time. China‘s leaders wake up every 

morning with the burden of lifting an additional billion people to a 

comfortable middle class lifestyle. Even if China continues to sprint ahead, 

the country can‘t get rich before it gets old. More than 100 million people are 

over age 60 today. Population projections put that number at 334 million in 

2050; including 100 million aged 80 and older.  

So the pursuit of a high tech economy and genuine home-grown science and 

technology breakthroughs is understandable and laudable. This appears to 

be the real goal President Hu and Premier Wen were pursuing in 2003 when 

they mobilized government, business and academia to come up with the 

plan that now hangs under the banner of indigenous innovation. 

Between that day and today, China has deeply analyzed its difficult 

economic problems and vexing structural challenges, and it has established 

ambitious national goals. But it appears that many of the leadership‘s true 

policy directions have been hijacked by the bureaucrats. If Joseph Needham 

were alive today, he certainly would be decrying the return of ―bureaucratic 

feudalism‖ to science in China. Like the scientists whose voices were 

squelched during indigenous innovation planning, Needham would be 
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warning that, as happened in the 14th century, a science system that is by 

and for the bureaucrats is certain to obstruct real advancement. Simply put: 

Soviet planning cannot replicate the Silicon Valley. Ming Dynasty mindsets 

can‘t create microchips. Megaprojects that uncap gushers of government 

money for civil servants to spray across a landscape of state companies 

more familiar with R&R than R&D are likely to end in a trail of tears. 

As more details of indigenous innovation plans emerge, American and 

European politicians are seeing an assault on their core national economic 

strengths. Studies by the U.S. Chamber of Commerce‘s Global Intellectual 

Property Center detail the reasons for U.S. distress. The number of American 

IP-intensive production workers in industries involved in foreign trade 

averaged 9.5 million between 2000 and 2007.  

This equals about 65 percent of U.S. workers in tradable industries. These 

workers receive salaries about 60 percent higher than workers at similar 

levels in non-IP intensive industries. IP-intensive industries accounted for 

approximately 60 percent of total U.S. exports from 2000-07. In those 

years, American firms exported an annual average $405.5 billion of IP-

intensive products versus $278.1 billion of non-IP-intensive products. 

So how do the United States and China move away from mutual mistrust 

and toward win-win economic interaction? Rebalancing the two countries‘ 

political and economic relationship perhaps could start with psychological 

repositioning. China‘s worldview reflected in the official media and public 

pronouncements is that the U.S. and other developed countries have a 

concerted agenda to contain the country‘s rise. It harks back to Western 

traders and opium merchants kicking open China‘s door after a Qing dynasty 

emperor sent their first envoys packing with a message that China needed 

none of their wares or ways.  

The Cold War trade and investment embargo is also not a distant memory. 

Continued U.S. and European technology and munitions export controls 

imposed after the 1989 Tiananmen tragedy underpin Beijing‘s containment 

mindset, even though U.S. export controls only affect a fraction of 

technology exports. Reinforcing this ―containment complex‖ in the official 

media may be a handy short-term propaganda tool.  

But it impedes China‘s ability to emerge as a true global economic and 

political leader. The resentful nationalism built up during the boom years as 
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China blamed its ills on ―foreign forces‖ has created a younger generation 

that is as xenophobic as it is economically insatiable. At the same time, U.S. 

politicians need to move beyond their American ―exceptionalism‖ worldview 

that the country‘s founding ideals and system of government should be 

adopted globally. It is time for the U.S. to admit that China will never be 

―just like us.‖  

China will continue to choose its own path. Let‘s not forget that the country 

already adopted one system from the West – Communism – and that didn‘t 

work out too well. Since indigenous innovation hit the headlines, there have 

been a few small signs of progress. China has said it will provide equal 

treatment for local and foreign companies operating in China to qualify for 

indigenous innovation government procurement product catalogues (the 

question of whether these catalogues should even exist was not addressed). 

China has said it will reopen negotiations on signing the voluntary WTO 

Government Procurement Agreement. But China also had promised to sign 

this agreement ―as soon as possible‖ after its 2001 WTO accession. Given 

China‘s focus on government procurement to drive indigenous innovation, 

negotiations are expected to drag on for many more years. The Obama 

Administration has announced that it wants to revamp U.S export controls 

so that some advanced U.S. technologies will be available for sale to China if 

they can be purchased elsewhere. 

The best opportunity for real progress is for the U.S. and China to focus on 

IPR protection. If U.S. politicians would invest the same amount of time and 

effort into seeking significant Chinese IPR improvements as they have 

invested in prodding Chinese currency appreciation, they may actually 

accomplish something. The currency debate gets lost in a cloud of economic 

theory. But IPR protection is governed by very clear international 

conventions and legal regimes that are enforceable in courts. 

Not everybody in China is scheming about IP theft and coerced technology 

transfers. China in 2005 formed a ―leading group‖ for national intellectual 

property strategy with a mandate for 33 ministries to figure out ways to 

protect and administer intellectual property, improve the country‘s capacity 

for indigenous innovation and address the concerns of foreign investors. 

A 2008 ―Action Plan on IPR Protection‖ called for enacting 280 specific 

measures to improve existing IPR legislation, strengthen enforcement and 
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improve legislative oversight. Despite the accompanying florid rhetoric, IP 

attorneys contend that China has backtracked on IP protection while 

publicizing these initiatives. A good place for a U.S.-China indigenous 

innovation dialogue to begin would be an examination of these initiatives 

with a focus on demonstrable improvements.  

Seeking a clear understanding of China‘s legal definition of ―co-innovation‖ 

and ―re-innovation‖ and how to address the issue through the WTO and 

other deliberative organizations would be constructive. But the U.S. and 

China need to move beyond dialogues and set metrics for demonstrable 

progress. Unless China market access and IP protection significantly 

improves, the Obama administration will be unable to achieve its goal of 

doubling exports of goods and services in five years. 

It is clear that the past is not the way forward for either country. China could 

benefit from a look back at America‘s ruinous response to becoming a global 

financial power nearly a century ago -- and consider whether the indigenous 

innovation industrial policies could lead China down a similar path. There are 

striking similarities between today‘s U.S.-China situation and the shift of 

influence and financial power between the U.S. & Europe after World War I.  

As detailed in John Steele Gordon‘s ―An Empire of Wealth,‖ going into the 

war the U.S. owed Europe some USD $3.7 billion. But coming out of the war 

in 1918 America was the world‘s leading creditor nation; with Europe owing 

America USD $12.6 billion. American exports had captured markets 

traditionally served by Europe. U.S. manufacturing increased by 25 percent 

as the allies purchased USD $3 billion in American products and the U.S. 

government loaned USD $9.6 billion to the allies. 

Uncomfortable with its new position, the U.S. turned isolationist. Congress 

rejected joining The League of Nations despite President Woodrow Wilson 

being its most ardent supporter. American politicians focused on economic 

self-sufficiency to prevent future enemies from being able to manipulate the 

U.S. economy. Starting with a ―scientific tariff‖ shortly after the war, the 

U.S. pursued increasingly protectionist policies until the economy collapsed 

in the 1929 Great Depression. 
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XXII 

 

 

Only a few years ago, China‘s approach to innovation and standardization 

barely played a role in international economic diplomacy. With its economic 

power on the rise, that assessment has changed dramatically. Today, 

China‘s innovation policy and its perceived threat to American innovation 

and competitiveness is a hot topic in U.S.–China economic relations; adding 

to contentious disputes about exchange rates, trade and foreign direct 

investment.  

Standardization, as well as intellectual property rights and government pro-

curement, are at the center of this conflict. As the United States and China 

display fundamental differences in their levels of development and in their 

economic institutions, they pursue different approaches to standards and 

innovation policy. The U.S. consensus is that market forces and the private 

sector should play a primary role in innovation and standardization. China, 

on the other hand, relies much more on the government to define strategic 

objectives and key parameters. 

Limited Convergence 

In the United States, there is a widespread expectation that further reforms 

of China‘s standards system will ―naturally‖ converge to (almost) full 

compliance with a U.S.–style, market-led, voluntary standards system. That 

expectation can be found, for example, in the American National Standards 

Institute‘s ―United States Standards Strategy,‖ which proposes a ―universal 

application of the globally accepted principles for development of global 

standards‖ based on the U.S. voluntary standards system.142
 

China‘s evolving system provides little evidence that convergence to the 

American system is likely to materialize. When Chinese reformers argue for 

a transition to a more market-driven standards system, they emphasize that 

the government will continue to play an important role as a promoter, 

enabler and coordinator of an integrated standards and innovation policy.  

                                                 
142 American National Standards Institute, United States Standards Strategy (New York: ANSI, 2005). 
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China‘s leaders are committed to indigenous innovation as the key to ending 

poverty; and to accelerating China‘s catching up with the United States, 

European Union or Japan. Indigenous innovation is considered essential not 

just for moving beyond China‘s precarious export-oriented growth model. At 

stake is the survival of the system. Chinese leaders understand that export-

led growth can no longer guarantee rapid gains; hence they place all their 

bets on indigenous innovation as a catalyst for industrial upgrading. 

Conflicting Perceptions 

China‘s indigenous innovation policy and its entry into the global standards 

game as a contender has raised concerns in the United States that this may 

erode American leadership and hasten the decline of the U.S. economy. The 

U.S. government considers China‘s innovation policy to be ―discriminatory,‖ 

implying that this policy is used as a trade-distorting ploy to challenge 

American supremacy in the global knowledge economy.143
  The U.S. 

Chamber of Commerce claims that China‘s innovation policy:  

―…restricts the ability of American companies to access the market and 

compete in China or around the world by creating advantages for China‘s 

SOEs and state-influenced champions,…having the potential to significantly 

undermine innovative capacity of the American economy in key sector .‖144
 

China‘s standardization strategy is viewed in the United States as a critical 

weapon of China‘s neo-mercantilist policies to keep American companies at 

bay. The U.S. Information Technology Office (USITO), which represents the 

U.S. information and communications technology industry in China, observes 

―a clear trend to promote indigenous technology which is developed outside 

the international standards development system.‖145
  

And for the chair of the National Academies  Committee on Comparative 

Innovation Policies, China‘s standardization strategy ―raises serious 

questions of WTO compliance,‖ as it promotes ―the creation and application 

of a large number of national standards in China, as opposed to the use of 

                                                 
143 Commerce Secretary Gary Locke, as quoted in “U.S., China Begin Talks on Innovation Trade Dispute,” at  
       http://www.reuters.com/assets/print?aid=USTRE66J6SO20100720 
144 Testimony by Jeremi Waterman before the U.S. International Trade Commission Hearing on “China:    
        Intellectual Property Infringement, Indigenous Innovation Policies and Frameworks for Measuring 
        the Effects on the U.S. Economy” (Investigations 332-514 and 332-519), June 15, 2010. 
 
145 USITO, “Written Comments to the U.S. Government Interagency Trade Policy Staff Committee regarding  
        China’s Compliance with its Accession Commitments to the World Trade Organization (WTO),” 2009. 
 

http://www.reuters.com/assets/print?aid=USTRE66J6SO20100720


20-20 Hindsight 
 

 507 

existing international standards.‖146 Perceptions in China are very different: 

―Among Chinese industries and scholars, there is deep frustration with the 

U.S.–China standards discussions and distrust in the sermon-style 

arguments propagated by the United States…the disputes between the 

United States and China on ICT standards and the overarching issue of IPRs 

in standardization still remain unsolved. The situation may actually be worse 

in the sense that both sides have noticed the difference but continue to head 

in their own directions.‖147
  China‘s leadership considers the American 

critique of its innovation policy to be unfair and hypocritical; suspecting that 

the United States is trying to contain China‘s rise.  

China‟s Strategy 

In response, according to the Standards Administration of China (SAC), 

China seeks to upgrade its standards system to i) lessen the ―control of 

foreign advanced countries over the PRC,‖ especially ―in the area of high and 

new technology‖; and ii) increase the effectiveness of Chinese technical 

standards as important protective measures or barriers to ―relieve the 

adverse impact of foreign products on the China market.‖148
   

SAC adds that China‘s standardization strategy needs to fill a policy vacuum, 

as its accession commitments to the WTO have substantially reduced the use 

of most other trade restrictions such as tariffs, import quotas and licensing 

requirements. China‘s efforts to develop a unified standardization strategy 

are focused on these priorities: 

1. Fostering economic development remains critical, with the result that the state will   
continue to play an important role as a promoter and coordinator of an integrated 
standards and innovation policy.  
 

2. Standardization should help to reduce the cost of licensing essential patents for both 
Chinese manufacturers and consumers. Access of foreign companies to Chinese standards 
development organizations should create a quid pro quo: Foreign companies can 
participate in technical committees in exchange for technical contributions, including 
disclosure of essential patents and acceptance of fair, reasonable and non-discriminatory 
(FRAND) licensing conditions. 

 

                                                 
146 A. W. Wolff, “The Direction of China’s Trade and Industrial Policies,” testimony before the House Ways  
       and Means Committee, U.S. House of Representatives, Washington, D.C., June 16, 2010. 
 
147 Baisheng An, “Intellectual Property Rights in Information and Communications Technology Standardization:  
        High-Profile Disputes and Potential for Collaboration Between the United States and China,” 
        Texas International Law Journal 45 (2009). 
 
148 SAC, “Study on the Construction of National Technology Standards System,” Sept. 2004. 
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3. A defining characteristic of China’s standardization strategy is to use standardization as a 
platform for indigenous innovation. 

 

4. “Enterprises” are encouraged to be the “main players in formulating standards.”149 This 
leaves open the question of what role, if any, foreign enterprises are to play. An important 
objective, however, is to use homegrown standards to develop innovative “national 
leaders” and to protect domestic industry. 

 

5. Standardization should focus on priority sectors and should reflect sector specific 

requirements.150 
 

6. Effective standardization requires a complementary set of certification and conformity   
assessment regulations, such as the Compulsory Certification scheme (administered by the 
China National Certification and Accreditation Administration) and the regulations for 
telecommunications (administered by the Ministry of Industry and Information Technology) 
on Network Access Licensing and on Network Access Identification. These conformity 
assessment regulations are essential for controlling access to the Chinese market. 

 

7. Standardization should take a decentralized approach, in order to reduce the urban–rural 
gap and to encourage dispersed local industrial development. 

 

8.  As a latecomer to standardization, China should pursue a dual-track strategy that combines 
the adoption of international standards with the insertion of indigenous innovations into 
domestic and international standards. 

 

9. The role of the voluntary standards should substantially increase, “where the need for 
standards comes from the market, enterprises are the main drafters of standards, and the 

implementation of standards relies on the market mechanism.”151 
 

10. China’s role in international and regional standards development organizations and 
consortia should substantially increase, enabling Chinese enterprises and research institutes 
to move from being standards takers to become standards co-shapers and ultimately 
standards setters in some areas. 

 

Diversity of Stakeholders and Fragmentation 

In principle, a unified national standardization strategy has important 

advantages.  It facilitates the quick mobilization of resources for massive 

investments in essential standardization-centric infrastructure. Clear and 

uncontested objectives can facilitate rapid learning. In addition, a unified 

strategy makes it easier to create nation-wide markets based on a single 

mandated standard. However, implementing this demanding strategy in 

China will not be easy.  
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From the outside, China‘s innovation policy presents a homogenous picture 

of a top-down ―model of neo-mercantilist,152 state-developmental 

capitalism.‖153 Hence, implementation constraints should be limited, once 

the leadership has given the go-ahead. But that picture fails to capture the 

surprisingly fragmented Chinese innovation system, which involves diverse 

stakeholders with conflicting interests.  

Like most latecomers, China‘s innovation system is constrained by multiple 

disconnects: between research institutes and universities and industry; 

between civilian and defense industries; between central government and 

regional governments; and between different models of innovation strategy. 

Creating university–industry linkages has been the focus of many Chinese 

attempts to reform its innovation system.  

More recently, attempts are under way to address the other disconnects, but 

so far with mixed results.  In fact, standardization in China today is a hybrid 

system. The government remains in charge as the main driver and final 

arbiter of China‘s standardization strategy, yet the diversity of stakeholders 

have increased.  

This has resulted in a fair amount of diversity in the definition and 

implementation of strategic goals. However, this diversity of approaches is 

overwhelmingly restricted to central and local government agencies. 

Industry and especially private firms and final users continue to play a 

limited role. China‘s government documents on standardization all 

emphasize ―openness, transparency and impartiality.‖ But as China has no 

tradition of an independent ―civil society;‖ standards-making bodies, 

industry associations, research institutes and consumer organizations all 

remain dependent on the government.  

Instead, local governments act as pace setters for a more decentralized 

approach; establishing local standards as a constituent building block of the 

overall standards system. Pioneered by the Shenzhen government in 2007, 

the governments of Shanghai, Beijing, Jiangsu, Zhejiang, Shandong, Henan 

and Shaanxi have all issued their own local standardization strategies. On 

the positive side, these strategies are presumably better customized to the 
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specific requirements or capabilities of the industrial sectors in their 

respective localities and to the regions‘ level of economic development or the 

needs of their citizens. The potential advantages of decentralized self-

government are well-established in theories of innovation and organization. 

There is, however, a negative side to Chinese-style diversity. China‘s 

standards system is overly complex and displays signs of fragmentation. 

Ambiguity is a fundamental source of such fragmentation. Key concepts are 

loosely defined and often differ from the definition of these concepts in other 

countries. Even China‘s definition of ―standards‖ deviates from the definition 

used in the United States, which focuses on voluntary consensus standards. 

There is also typically a lack of clarity about the boundaries and the division 

of labor between competing national, industry, ministry and provincial 

standards. Equally important sources of fragmentation are inter-agency 

rivalries and turf battles among different ministries and their respective 

stakeholders. These inter-agency rivalries reflect the conflicting interests of 

major Chinese stakeholders in innovation and standardization.  

Stakeholders 

There are four main groups of stakeholders who seek to impose somewhat 

conflicting objectives on China‘s standardization strategy and, more broadly, 

on the country‘s innovation policy. China‘s export industry is a strong 

supporter of compliance with WTO commitments. This position reflects 

China‘s deep integration into global corporate networks of production and 

innovation.  

A good proxy indicator for China‘s integration into global production 

networks is that foreign-invested enterprises dominate China‘s manufactured 

exports. They account for 58 percent of China‘s total exports and more than 

88 percent of its high-technology exports. Support for greater compliance 

with international standards also comes from leading Chinese ICT firms that 

have accumulated a critical mass of intellectual property rights such as: 

Huawei, ZTE, Lenovo and Haier.  

Huawei, China‘s leading telecommunications equipment vendor, is now the 

third largest global player in this industry. A broad portfolio of essential 

patents in important technologies (such as next-generation mobile com-

munications and convergence of fixed and mobile networks) has established 

this company as a serious player in the development of architectural and 

radical innovations. Essential patents are frequently quoted in other patent 
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filings and, hence, shape technology trajectories. Patents are also called 

essential when it is not possible to comply with an international standard 

without infringing those patents. 

A second group of stakeholders emphasizes the need to improve China‘s 

absorptive capacity in order to benefit from foreign technology through 

strengthened domestic capabilities. Equally important objectives are to 

reduce the cost of patent licensing fees paid on foreign technology and to 

reduce China‘s dependence on foreign technology overall. Strong support for 

developing China‘s indigenous innovation capabilities can be found in public 

research institutes, in SOEs, in China‘s priority industries (such as the 

Strategic Emerging Industries initiative), in parts of the domestic high-tech 

industry that seek to take domestic market share away from multinational 

corporations and in parts of their defense and space industries. This coalition 

of domestic stakeholders supports, for example, policies on patent licensing 

for standards that seek to reduce the costs of licensing foreign patents. 

A third group of stakeholders are ―copy-cats‖ that seek to retain space for 

low-cost reverse engineering, unauthorized copying and opportunistic 

incremental innovations. Typical of this type of successful low-cost 

innovation are no-name shanzhai (unlicensed) handsets that are estimated 

to have at least a 40 percent share of the Chinese handset market. The main 

thrust of these stakeholders is to prevent a modernization of China‘s laws 

and regulations on IPR; including any reform of China‘s patent law that 

would reduce the role of utility model patents. 

Fourth, China‘s defense industry and top planning institutions , for instance 

the National Development and Reform Commission, seek to broaden the 

space for developing mission-oriented, complex technology systems (space, 

military, energy, environment, climate). These stakeholders view in-

formation security and certification regulations as a critically important policy 

tool of China‘s innovation strategy.  They fear that China‘s critical in-

formation networks provide an easy ―target of attack, sabotage, and 

terrorism by hostile forces and elements.‖154  A strategic assumption is that 

control over standards and a strong Chinese information security industry 

are necessary to protect China‘s information networks.155 
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Toward Greater Pragmatism? 

It is difficult for outsiders to assess which of these four stakeholder coalitions 

has most leverage in shaping decisions on China‘s innovation policies. A 

detailed analysis of recent developments of China‘s innovation policies finds 

a fairly consistent pattern of response to foreign complaints. This is true for 

China‘s definition of products that contribute to indigenous innovation, the 

revision of government procurement regulations and new regulations for 

patents included in standards. In the first round, government regulations 

start out with requirements that exceed established international norms.  

This typically gives rise to a wave of criticism from foreign enterprises and 

business organizations; and also from Chinese companies that have 

established a significant position in the international market that have begun 

to accumulate a broad portfolio of intellectual property rights.  In response 

to this criticism, the second round then leads to adjustments in government 

regulations that combine a selective relaxation of contested requirements 

with persistent ambiguity. This raises the question of what will happen in 

further rounds of negotiation.  

In the run-up to the 18th Party Congress, there were signs that Chinese 

policymakers are moving toward more dogmatic positions on economic 

policies, political ideology, internal control policies and geostrategic or 

foreign policy positions.  It is unclear whether the shift toward greater 

dogmatism is a temporary tactical move dictated by internal power 

struggles.  Some observers see a growing role for security considerations in 

China‘s innovation policy.  

Or can we expect, once the Congress is over, a gradual strategic shift to 

greater openness and transparency to meet China‘s needs for foreign 

technology and the requirements of its deep integration into the global 

economy? There is reason for cautious optimism that China‘s innovation and 

standards policies will gradually move towards greater pragmatism. As a 

specialist on Chinese law puts it: ―As China pursues the upgrading of its 

economy, there will be more debate over policies on technology 

development. The very tentativeness with which indigenous innovation has 

been pursued may be a hopeful sign that continued dialogue may bring 

about adjustments of measures that are deemed protectionist.‖156  Another 
                                                                                                                                                             
   Indigenous Innovation and Globalization: The Challenge for China’s Standardization Strategy (La Jolla, CA: UC 
   Institute on Global Conflict and Cooperation and East-West Center, 2011). 
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expert‘s assessment is that, when push comes to shove on implementation 

of China‘s innovation policy, ―The most mercantilist elements are regularly 

rebuffed, and given the array of interests in favor of a more open innovation 

strategy, that pattern is unlikely to change‖157 

Policy Implications 

To conclude, both China and the United States have much to learn from each 

other as they each face their own innovation imperatives. While they 

compete in global markets, both would benefit from cooperation on science, 

technology and innovation to solve the challenges of economic growth; 

better and lower-cost health systems; and a greener environment. Given the 

importance of both countries in the global economy and for geopolitics, it is 

striking to see that such cooperation remains as yet quite limited.  

There is ample scope to extend such cooperation beyond the exchange of 

scientific knowledge and to include the exchange of ideas on how to develop 

and upgrade the innovation and standardization systems of both countries. 

While China‘s innovation policy has been a success, at least in quantitative 

terms, the United States is still far ahead in overall innovation capacity.  

China‘s persistent innovation gap implies that Chinese firms continue to 

need access to American technology; whether in terms of equipment, core 

components, software or system integration. This implies that China‘s 

innovation push could create new markets for American firms; provided they 

stay ahead on the innovation curve.  Implementing such cooperation faces 

many hurdles. These partnerships need to be on an equal footing, with 

reciprocity of rights and obligations on contentious issues such the right 

balance between the protection of intellectual property rights and China‘s 

interest in technology diffusion.  

Establishing such reciprocity between countries at different stages of 

development will not be easy. While incumbent industry leaders seek to re-

tain the status quo, latecomers like China seek to adjust the old rules to 

reflect their interests. Progress toward adjusted rules of reciprocity should 

be possible, once the United States and China accept that while their 

economic and innovation systems are different, they are deeply 

interdependent. 

                                                                                                                                                             
 
157 Scott Kennedy, “Indigenous Innovation: Not as Scary as It Sounds,” China Economic Quarterly (Sept. 2010) 



20-20 Hindsight 
 

 514 

 

China, for example, ought to acknowledge that the United States needs 

safeguards against forced technology transfer through policies such as 

compulsory licensing; information security standards and certification; and 

restrictive government procurement policies. The United States, in turn, 

needs to acknowledge that Chinese firms feel disadvantaged by restrictions 

on Chinese foreign direct investment and on the export of so-called dual-

purpose technologies to China.  

The United States also needs to engage more actively with Chinese concerns 

about issues such as the unequal distribution of benefits that result from the 

current rules of patent licensing and the role of essential patents in critical 

interoperability standards. To move toward greater reciprocity, it is neces-

sary to increase the level of trust. While this is not easy, given deeply 

entrenched fears in both countries, creative incrementalism through 

―learning-by-doing‖ can help to move things forward. 

Key Trends 

Several pronounced trends seem to be emerging as the United States moves 

beyond its ―uni-polar moment‖ yet appears poised to remain the world‘s sole 

superpower for years to come. 

Rise of Developing Powers. First, the world is witnessing the rapid 

ascension of several developing regional powers—namely China, India and 

Brazil. This is part of an unprecedented transfer of wealth and influence from 

West to East; and from the developed world to the developing world. 

Proliferation of Asymmetric Technologies. Second, diffusion of 

knowledge and the education of talented individuals are dispersing 

technological development around an increasingly ―flat‖ (interconnected) 

world. Outside of the industrialized world, the most high-level, 

comprehensive development is occurring in rising powers that have sufficient 

government organization to fund and shape key programs while exploiting 

foreign direct investment, competitive wages and expatriates returning from 

studying or working abroad.  

Given the unraveling of Cold War policy consensuses, the United States and 

its existing allies and friends are increasingly less able to control the 

development and proliferation of key technologies. 
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Asia-Pacific Applications 

As the world‘s most economically vibrant area, its greatest source of 

climate-changing pollution and its most militarily dynamic region—at risk for 

high-level kinetic conflict as well as non-traditional security threats—the 

Asia-Pacific is the most critical area for Washington to understand the 

aforementioned trends and act accordingly.  

China in particular enjoys remarkable growth that is funding robust civil and 

military development and greatly increasing its strategic, diplomatic and 

environmental influence. The rise of China, as well as the ongoing division of 

both sides of the Taiwan Strait and the Korean Peninsula, poses the risk of 

dangerous disruptions to the established international order, including 

nuclear instability and proliferation in the case of North Korea.  

Great power balancing and contention, perceived to have largely ended in 

Western Europe, appears alive and well in Asia. A fundamental question, 

then, is how China envisions the future role of the United States in the Asia-

Pacific.  The previous coincidence of America‘s rise on the world stage with 

China‘s more than a century of withdrawal from it means that China and the 

United States have never been powerful simultaneously. While it has been 

noticeably flexible and positive in other areas, Beijing is unyielding with 

respect to its present territorial and maritime claims—and it has numerous 

options to support its position. 

China’s S-curved Trajectory. China is at the center of a rising Asia. In 

2008, the U.S. National Intelligence Council (NIC) projected that: 

―China is poised to have more impact on the world over the 

next 20 years than any other country. If current trends persist, 
by 2025 China will have the world‘s second largest economy 

and will be a leading military power. It also could be the 
largest importer of natural resources and the biggest 

polluter.‖158
 

With fourteen years left before 2025, the NIC‘s predictions have already 

materialized.  China has risen at a rate beyond even its leaders‘ expectations 

over the past three decades, and a power shift is afoot in the international 

system.  The fully uni-polar system that persisted from 1991 to roughly 

2008 is no more. China could very well continue to expand its economy (and 

by extension its national power) at a rate that the United States, Japan and 
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many European countries would envy. For all its policy navigation, efforts to 

guide national development, and claims of exceptionalism, however, China is 

not immune to larger patterns of economics and history. As such, it will 

likely not be able to avoid the S curve–shaped growth slowdown that so 

many previous great powers have experienced (although the PRC 

intentionally is throttling back in 2012 in its strategic plan targets), and that 

many observers believe the United States is undergoing today.   

China is likely to follow an S-curved path as key internal and external 

challenges—including pollution, corruption, chronic diseases, water 

shortages, growing domestic security spending and an aging population—

build on one another and exact mounting costs. The PRC is encountering 

these headwinds at a much earlier stage in its development than did the 

United States and other great powers; thanks in part to its late start in 

modernization, dramatic internal disparities and draconian policy choices.159 

Enduring American Strengths. Meanwhile, the United States remains 

blessed with abundant resources, cutting-edge universities and research 

institutions, an innovative capitalist economy, the world‘s largest and most 

advanced military, a diverse and adaptable democratic society, a robust and 

reasonably efficient legal and regulatory system, attractive cultural ―soft 

power‖ and the most favorable demographic profile in the OECD (along with 

a network of resilient allies, friends and partners with which to cooperate). It 

is thus positioned to remain the world‘s preeminent power and public goods 

provider for the foreseeable near-term future. Increased U.S. willingness to 

work cooperatively with partners around the world to provide collective 

security solutions is likely to underwrite enduring influence.  

Window of Vulnerability. For all these reasons, it is somewhat premature 

to project a global power transition in which China immediately or suddenly 

eclipses U.S. power and influence overall. At the same time, both America‘s 

present fiscal challenges and China‘s rise and regional interests are 

undeniable realities.  From the perspective of U.S. interests, stability and 

access to the global commons, then, the greatest risk would appear to be an 

emerging ―window of vulnerability‖ during which Washington has not yet 

resolved its domestic challenges and Beijing has not yet been slowed down 

by its own. The primary arena for this strategic competition is likely to be 

the ‗Near Seas‘ and their immediate approaches.  
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China‘s concept of ‗Near Seas‘ encompasses the Bohai Gulf with the Yellow, 

East China and South China seas; as well as still-contested islands and 

maritime zones therein, of which China claims the vast majority. This is an 

area of substantial economic activity and resource extraction, transit or 

processing for China.  For these reasons, the Near Seas and their immediate 

approaches absorb the bulk of Chinese strategic focus and military 

deployment; and will likely continue to do so for the foreseeable future. 

Given the South China Sea‘s status as a resource-rich, heavily transited por-

tion of the global maritime commons with portions abutted and claimed by 

many nations, it is likely to be the most strategically central and contested 

of the Near Seas. 

A2/AD Weapons Development and Technological Revolution. Since 

World War II, the United States has helped to secure and maintain the 

global commons—key mediums used by all but owned by no one. Initially, 

this involved the sea and air; more recently, it has come to include the 

space and cyber dimensions. As Abraham Denmark points out, however, 

 ―The rise of China is a defining characteristic of every commons. A 30-year 

military modernization effort has made China the region‘s largest potential 

threat to the stability of the commons while, ironically, also making it more 

dependent on those commons.‖160
  

In order to further its parochial interests, Beijing wishes to impose antiquat-

ed territorial notions on the portions of these commons that adjoin its 

territorial waters and airspace, and to do so is developing A2/AD capabilities 

designed specifically to prevent U.S. and allied military intervention in any 

related scenarios. Like other lesser potential military competitors such as 

Iran, it purposely avoids matching U.S. forces directly and instead privileges 

operations optimized for a relatively narrow range of contingencies and 

missions. 

China‟s Radiating Range-Rings 

The most common source of error in Chinese and U.S. analyses of People‘s 

Liberation Army (PLA) development is the conflation of two factors: scope 

and intensity. A stone dropped into the water forms waves that radiate 

outward; gradually dissipating in the process. Close to home, China‘s 

military capabilities are rapidly reaching a very high level. However, they are 
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making much slower progress, from a much lower baseline, further away.161 

The major exceptions to this pattern occur in cyberspace, in which physical 

distances are largely meaningless, and space, in which China‘s capabilities 

are more evenly distributed and hence more global in nature. To call this a 

―tale of two militaries‖ oversimplifies, since some platforms and weapon 

systems can contribute in both areas, but it captures the basic dynamic.  

Many vehicles and armaments are primarily relevant in one area or the 

other. Cherry-picking the characteristics of either of these ―layers‖ or 

―levels‖ to characterize overall Chinese military/maritime power risks 

fundamentally misrepresenting its critical dynamics. On one hand, it is a 

mistake to exaggerate the scope of intense buildup: China is simply not 

moving to develop a ―blue water‖ power-projection navy at the same rate 

that it is deploying shorter-range platforms and weapon systems such as 

missiles — many on land; but also on air-, sea- and undersea-based 

platforms. On the other hand, it is equally misguided to suggest that 

restraint and limitations in the ‗Far Seas‘ indicates restraint and limitations in 

the Near Seas. 

―Counting all the beans‖ by treating side-by-side comparison of all Chinese 

and U.S. forces as the key metric, as sometimes done by those who would 

minimize the PLA‘s significance, is only relevant if one assumes that the 

pertinent scenario is a Cold War–style, Sino-American global conflict—a 

virtual impossibility, fortunately.  

Rather, China is seeking to further its core interests by pursuing an 

asymmetric approach. In the words of Thomas Christensen, this involves 

―posing problems without catching up.‖162 Indeed, the problems may be 

worse now than Christensen described a decade ago, since in certain areas 

China is catching up, and in others — such as anti-ship ballistic missiles 

(ASBMs) — it is perhaps already well ahead. 

Reclaiming the “Right End of Physics” 

Each Chinese ―capability ripple‖ does not require a unique U.S. military 

approach, but there should be a corresponding continuum of responses. This 

suggests a clear set of force structure priorities—or ―hard choices,‖ given 

Washington‘s current budgetary difficulties. 
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As a rising great power, it is natural that China has increasing influence and 

responsibility in the international system. In what might colloquially be 

termed the ―Spiderman Doctrine,‖ the guiding principle here should be that 

―with great power comes great responsibility.‖  To the extent that China is 

able and willing to provide public goods to the international system, its great 

power leadership and status should be recognized in return.  

The United States must thus be judicious in disagreeing with China, but act 

firmly and credibly when it does. The most dangerous scenario is one in 

which Washington claims to maintain capabilities that Beijing believes it no 

longer has, thereby emboldening Beijing to challenge the status quo by 

force. To avoid this destabilizing outcome, the United States must back its 

rhetoric with enduring power. Nowhere is this more important than on, 

above, and under the Near Seas, where China is rapidly improving A2/AD 

capabilities by systematically targeting physics-based limitations in U.S., 

allied and friendly military platforms. To shape a force structure that is less 

vulnerable to asymmetric Chinese challenges, and thereby ―reclaim the right 

end of physics,‖ Pentagon planners must follow these principles: 

1. Shift to less-manned and unmanned systems, which—while they face limitations given current 
technologies—can already be smaller, cheaper and more disposable; enabling better persis-
tence, maneuverability and tolerance of losses. 

 

2.    Limit reliance on manpower wherever feasible, since personnel costs absorb an ever-greater 
proportion of the U.S. military budget. 

 

3.    For a limited number of relevant applications, consider shifting at least some operations from 
large, tightly-grouped targets—for example, a carrier strike group (CSG)—to smaller, 
dispersed, networked elements. 

 

4.   Move from the sea surface to the harder-to-access undersea—and in some cases air—realms. 
Space, by contrast, is expensive to enter, hard to sustain assets in, contains no defensive 
ground, and—barring energy-intensive maneuvering—forces assets into predictable orbits. 
Moreover, some of the most debilitating asymmetric tactics could be employed against space 
and cyberspace targets. Space-based platforms are not a panacea and should not constitute a 
disproportionate share of newly-developed assets. For the foreseeable future, however, space 
will remain indispensable for multiple reasons. There are many military functions that are best 
performed from space, particularly to support command, control, communications, computers, 
intelligence, surveillance, and reconnaissance (C4ISR) and long-distance power projection. 

 

5.    Substitute passive defenses, such as dispersion of assets or reinforced concrete, for active 
defenses, such as ballistic missile defense (BMD), in contexts in which this is cheaper and/or 
more effective. 

 



20-20 Hindsight 
 

 520 

U.S. CSGs and other platforms are increasingly threatened by A2/AD 

weapons like ASBMs and streaming cruise missiles. Regardless of how much 

the United States spends on BMD and other countermeasures (and limits are 

already emerging), its CSGs may still face restrictions in future high-

intensity combat operations. Beijing knows this and already appears to be 

seeking deterrent effects with its small, but likely growing, number of 

deployed ASBMs, whatever their precise level of capability at present.163
 

Despite its dramatic progress in A2/AD, however, China has minimal BMD, 

anti-submarine warfare and mine countermeasures capabilities. U.S. 

investment in missiles, submarines and sea mines, therefore, can reverse 

the military equation in its favor. The goal is not to attack or threaten China, 

but rather to deter it from using force or displays of military might to change 

the regional status quo unilaterally. 

Implications for Strategy and Policy 

Technology matters, but so does geography. In fact, as exemplified by 

China‘s approach of ―using the land to control the sea‖ (以陆制海; exerting 

power and influence over the Near Seas largely via land-based missiles, 

aircraft and other assets), the two are often intimately interlinked. The rise 

of major regional powers, China foremost among them, is ending the era in 

which the U.S. military could assume unobstructed access to the entire 

global commons, and deemphasize region-specific concepts in favor of global 

approaches in force structure, strategy and strategic communications.  

A strategic approach centered on defending the global system remains vital, 

but maintaining the capability to do so in practice requires regional focus 

and prioritization to address key dynamics in the most important yet chal-

lenging regions for furthering U.S. interests. Progress in this area is 

indicated by the Obama Administration‘s emerging focus on the Asia Pacific 

region foremost,164 with the Middle East/Indian Ocean as the second-most 

important region.  
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U.S. ability to address the long-term challenges and opportunities that China 

offers is limited by the fact that it does not have today, and indeed has 

never had, an Asia-Pacific strategy.  U.S. combatant commands themselves 

do not even issue documents to that effect. The closest exception to this 

overall neglect came in the mid-to-late 1990s, when the Department of 

Defense Office of International Security Affairs issued a series of unclassified 

regional policy documents.165  

It is time to go beyond this brief, fleeting effort. Subordination of vital 

regional realities to global strategy may have been appropriate during the 

Cold War, when the United States confronted a global adversary and in the 

subsequent ―uni-polar moment‖ from 1991–2008, when U.S. hegemony was 

undisputed and substantial regional challengers and a proliferation of post–al 

Qaeda terrorist threats had yet to manifest themselves, but it is appropriate 

no longer.  

The current challenges in Iraq and Afghanistan provide a sobering reminder 

that the U.S. government focuses on absolute theoretical concepts and rigid, 

one-size-fits-all strategies at its peril in this ever more interconnected yet 

increasingly regionalized and unstable world.  U.S. planners must increase 

their regional knowledge, enhance coordination and, for the first time, 

consider the Asia-Pacific holistically as a vital strategic space with the South 

China Sea at its center.  

The South China Sea commands this critical position because it is the in-

terface between the Pacific and Indian Oceans, and as such is the conduit for 

a tremendous portion of global commerce and energy. It is thus a vital 

strategic fulcrum and potential chokepoint. China‘s pursuit of an extreme 

minority interpretation of international law here and elsewhere in the Near 

Seas to restrict freedom of navigation in the broadest sense is thus 

unacceptable. It additionally threatens to undermine the maritime 

governance of important areas of the 38 percent of the world‘s oceans 

claimable as exclusive economic zones.166 

Examining China‘s military capabilities ―through the lens of distance‖ offers 

important insights into regional security issues. Distance from China 

                                                 
165 United States Security Strategy for the Asia-Pacific Region, 1995, 1998; United States Security Strategy for the 
         Middle East, 1995; United States Security Strategy for Sub-Saharan Africa, 1995; United States Security 
         Strategy for Europe and NATO, 1995. 
 
166 Dutton 2011.  
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matters, so allies and friends further away are likely to feel less threatened, 

and there is more that the United States can do easily to support them. This 

makes a country like Singapore, for instance, a much more fitting long-term 

security partner than Vietnam. Physical medium matters, so China‘s 

maritime neighbors are likely to feel less threatened, and be less vulnerable, 

than its land neighbors. In addition to its status (with Japan, South Korea, 

Australia and Thailand) as one of the United States‘ five Asian treaty allies, 

this makes the Philippines a more appropriate security partner than Viet-

nam, and suggests that the U.S.–Japan alliance will be more straightforward 

and flexible in the future than that with South Korea.   

China already has the ability to hold fixed military bases at risk with missiles 

and will increasingly try to undermine host nation support for them; so the 

United States should be cautious about investing in and relying on foreign 

military bases.  Instead, it should concentrate investment in a carefully-

dispersed and readily-deployable set of assets based in U.S. sovereign 

locations ranging westward to Guam; as well as in the British Indian Ocean 

Territory of Diego Garcia. From this stable and sustainable foundation, it can 

continue to partner with other nations and seek access to facilities on their 

territory. 

As for broader strategy, this means that the United States can at a minimum 

continue its regional presence as a power that combines offshore balancing 

with robust power projection capabilities in the Asian littoral—the ultimate 

acknowledgement of the ―tyranny of distance‖ by a nation still sufficiently 

robust in relative power to play a global strategic role. Moving Marines from 

Okinawa to Guam while also deploying Marines to Australia is already a step 

in that direction.  

But fully assuming the role of an offshore balancer and withdrawing from the 

Asian rim land entirely would represent a significant strategic setback. If the 

United States follows the approaches outlined above to ―reclaim the right 

end of physics‖ while remaining closely aware of, and engaged in, regional 

affairs, it can retain an influential role and remain a reliable ally, friend and 

security partner throughout the Asia-Pacific. Over the long run, this 

continued engagement from a position of strength will also offer the most 

effective basis for pursuing competitive coexistence with China.  

Here are the five most important questions about Beijing's defense strategy 

that remain stubbornly unanswered: 
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1. What are China's long-term defense spending plans?  

Although China's official 2012 defense budget is $106 billion, an 11 percent increase over last year and 
a fourfold increase from a decade ago, the Pentagon places China's total military spending at 
somewhere between $120 and $180 billion. "Estimating actual PLA military expenditures is difficult 
because of poor accounting transparency and China's still incomplete transition from a command 
economy," the report notes, referring to the People's Liberation Army.  

 

There have been no credible estimates of Beijing's long-term defense spending plans. On its current 
trajectory, China could overtake the United States as the world's biggest military spender in the 
2020s or 2030s -- but there are too many unknown variables to accurately predict if this will happen.  

Is the PLA budget pegged to the growth of the wider economy, or have China's generals been 
promised double-digit growth even if the country suffers an economic downturn? Will growth slow 
once certain modernization milestones have been achieved, or are there no plans to close the PLA 
checkbook? What's clear is that the more funding the PLA receives, the closer it will come to 
achieving parity with the U.S. military.  

 

2. What is China's nuclear strategy?  

The Pentagon concludes that "China's nuclear arsenal currently consists of about 50-75 silo-based, 
liquid-fueled and road-mobile, solid-fueled ICBMs." The Pentagon doesn't attempt to estimate the 
total number of nuclear weapons that China possesses, although it's generally assumed to have a 
much smaller nuclear arsenal than the U.S. cache of over 5,000 nukes.  

Nonetheless, theories that Beijing possesses or plans to develop a much bigger nuclear weapons 
stockpile just won't die down. Speculation last year that China may have as many as 3,500 nuclear 
warheads -- predicated on rumors of a sprawling network of underground tunnels -- has been 
reliably trashed, but some still argue that Beijing sees a strategic opportunity in building a nuclear 
arsenal that could match or even exceed that of the United States in the coming decades.  

China currently has only two Jin-class Type 094 nuclear-powered ballistic missile submarines (SSBNs) 
in service, the Pentagon tells us, and the missiles designed to arm the subs are not yet operational 
(though when they are, they will be nuclear-capable). Two submarines aren't much of a strategic 
deterrent for an aspiring superpower, but the true scope of the SSBN fleet that China plans to build 
remains unknown.  

 

3. What is the Chinese navy up to?  

American analysts often use the term "string of pearls" to describe Beijing's supposed strategy of 
establishing a network of foreign naval bases, especially in the Indian Ocean, but the Chinese don't. 
The latest Pentagon report does not discuss whether China plans to create a U.S.-style network of 
permanent forward bases for the PLA Navy.  

Nonetheless, there is no shortage of speculation that China will eventually deploy military forces to 
port facilities it has constructed in places like Burma, Pakistan, and Sri Lanka. The Seychelles has 
invited China to use its ports as resupply points for Chinese ships, but Beijing has insisted that this is 
not the establishment of a first foreign base, unconvincingly calling it a "re-supply port." The "places 
or bases" debate has already been running for some years, and it will continue to rumble on while 
Beijing remains tight-lipped about its long-range ambitions.  

http://articles.cnn.com/2010-05-03/politics/us.nuclear.warhead.count_1_nuclear-warheads-nuclear-nonproliferation-treaty-pentagon?_s=PM:POLITICS
http://www.washingtonpost.com/world/national-security/georgetown-students-shed-light-on-chinas-tunnel-system-for-nuclear-weapons/2011/11/16/gIQA6AmKAO_story.html
http://lewis.armscontrolwonk.com/archive/4799/collected-thoughts-on-phil-karber
http://www.theatlantic.com/international/archive/2012/03/think-like-a-dragon-the-global-lessons-of-chinas-nuclear-program/255100/
http://www.realclearworld.com/2012/04/20/china_breaks_its_string_of_pearls_135131.html
http://english.peopledaily.com.cn/90786/7676578.html
http://www.iseas.edu.sg/viewpoint/mr16aug10.pdf
http://www.iseas.edu.sg/viewpoint/mr16aug10.pdf
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The Pentagon report also struggles to shed light on China's future aircraft carrier program, beyond 
the existence of the single ex-Soviet carrier that is currently undergoing sea trials. "Some 
components of China's first indigenously produced carrier may already be under construction," it 
suggests, adding that "China likely will build multiple aircraft carriers and associated support ships 
over the next decade."  

That's guesswork. It's unknown whether China envisages merely a couple of working aircraft carriers 
as floating trophies designed to symbolize the country's arrival as a world power, a handful of 
combat-capable carriers to drive home its territorial claims in the South China Sea, or a larger number 
of U.S.-style carrier battle groups with a mission to project force globally.  

4. What kind of space capabilities is China developing?  

China is becoming increasingly proficient in space. The report mentions that China is assembling its 
own GPS-style satellite network, blasted the Tiangong-1 space lab into orbit in 2011, and has 
developed a ground-launched anti-satellite missile to improve its counter-space capabilities. But the 
Pentagon neglects to mention one of China's most ambitious space programs: the development of 
the Shenlong space plane and the possible associated development of advanced propulsion 
systems; whose existence increases the risk of a military space race with the United States.  It is not 
yet known whether Shenlong is anything more than a hi-tech experiment. But because of Shenlong's 
military potential, any information about it could allay or exacerbate growing fears within the U.S. 
military that the PLA Air Force has more than a passing interest in space operations.  

5. Paper tiger or fire-breathing dragon?  

There are many other imponderables in China's military. Chinese cyber-espionage has been effective 
in obtaining foreign military secrets, but it's unclear how much of this know-how has been 
successfully and usefully absorbed into China's own military programs and doctrines. The overhaul of 
the Chinese defense industry has revolutionized the country's indigenous capabilities, but how close 
has China really got to ironing out the kinks in its military-industrial structures and processes?  

All of the unknowns feed into one larger question: Is the PLA worth the hype? China's military is 
untested; it hasn't fought a major campaign since a disastrous war with Vietnam in 1979. In the event 
of conflict, would its performance live up to the nation's expectations, or would disadvantages like 
corruption and inexperience critically undermine its war-fighting capability? 

6. Is the 21st-century PLA even designed to be used, or does it exist to prop up and 

counterbalance the Communist Party domestically in a world where Beijing 

calculates that large-scale warfare is increasingly unlikely?   

Maybe the answers to these questions are buried in some secure vault at the Pentagon.  Then again, 
maybe the forecast concerning their potential for resurgent governmental, cultural, economic and 
military innovation lie in plain sight from the vantage point of China’s lost civilizations.  Innovation, in 
the People’s Republic of China, may indeed resemble the phrase used as an on-line identity once by 
an anonymous Sina Weibo blogger…The Past is Like the Winds and Clouds.  Both are variable and 
transient; yet periodic and returning in some familiar arrangement - both in form and function. 

 

Exemplar PRC Micro-Electronics/Computing Innovation Trends  

China as a Competitor. The Chinese are strategically pushing to be 

competitive in global computing and other core areas, but are not yet 

leaders. Most of the world‘s circuit board and consumer system-level 

manufacturing is in China now; and was already large in 1980‘s.  China has 

http://www.chinasignpost.com/2012/05/shenlong-divine-dragon-takes-flight-is-china-developing-its-first-spaceplane/
http://www.space.com/14697-china-space-program-military-threat.html
http://www.space.com/14697-china-space-program-military-threat.html
http://www.telegraph.co.uk/news/worldnews/asia/china/6486030/Space-arms-race-inevitable-says-Chinese-commander.html
http://campaign2012.washingtonexaminer.com/blogs/beltway-confidential/china-launching-cyber-attacks-against-defense-dept/551176
http://www.foreignpolicy.com/articles/2012/04/16/rotting_from_within
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achieved world class technology and industrial competency in a range of 

competitive areas important to DoD. China has developed a complete 

domestic computing ecosystem: Supercomputers, servers, laptops, 

handhelds, IC design firms, multi-core microprocessors, DSPs, secure 

cryptographic chips, secure OS and cyber war.   

As for China‘s strategic and political industrial policy; three decades of 

concerted national investment in science and technology with the resulting 

high-technology industrial capabilities. With regard to substantial 

competency in capabilities, people, technology and products - - China is 

willing to employ control over the supply chain (e.g. rare earths) as a means 

for wielding power in the global environment. It is entirely possible that 

China could control key elements of the U.S. computing infrastructure in 

2020; possibly achieving leading competitive positions even in 

microprocessors. China is already engaged in a global cyber campaign and, 

in the future, command of the technology supply chain may aid those 

efforts. The PRC does face some commercial (dual-use) computing 

dominance challenges, but is working aggressively to advance their pace. 

For instance, their Multiple Indigenous High-end Multi-core RISC (not x86 

CISC) Microprocessor chips which are known to be transitioned into 

platforms such as the Shenwei SW1600 (Alpha), Loongson 3B (MIPS) and 

Feiteng FT-1000 (SPARC) systems. Moreover, China has multiple indigenous 

Supercomputer efforts underway such as the Sunway (SW1600), Dawning 

(Loongson) and Tianhe (Feiteng). Some of the key components are sill based 

upon Western technology. Prominent examples include the fact that their 

indigenous Cryptographic Chip Standard for the ―Hengzhi‖ chip follows TCM, 

not TPM (Chinese standard). Further, their indigenous Secure Operating 

System, ―Kylin‖, is using Linux.  

Rather than push their own state-of-the-art, the PRC has conducted a 

massively aggressive cyber (and other forms of) espionage campaigns (both 

State-sponsored and Commercially independent ones). The U.S.-China 

Economic and Security Review Commission warned ―China is aggressively 

pursuing cyber warfare capabilities that may provide it with an asymmetric 

advantage against the United States". Both indigenous efforts and business 

intelligence merited advances for China; as they have no only a robust 

reverse-engineering but a talented systems integration skill mix. 
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The noted capabilities for China are attention-getting: Indigenous 

semiconductor capability from design to manufacture to package and test in 

satellite navigation, signal processing and military systems. Furthermore,  

Chinese companies produce telecom equipment (Huawei), PCs (Lenovo), 

servers (Inspur) and supercomputers (Dawning).  Most global (e.g., Apple, 

Dell, Motorola) consumer computing and telecommunications electronics 

(i.e., smartphones, laptops) are manufactured in China. This is not merely 

for labor arbitrage and lax environmental or safety standards; China has a 

huge internal market for technology roughly equivalent to the rest of the 

world . 

Three Main Chinese Supercomputer Efforts 
Tianhe-1A developed by National University of Defense Technology (NUDT)  
 

HPC at National Supercomputer Center in Tianjin held top spot for 6 months  
 

Intel, NVIDIA, and domestic Feiteng chips based on SPARC architecture  
 

Chinese-developed interconnect is interesting  



Dawning 6000 developed by CAS ICT  

 
Institute of Computer Technology (ICT is one of the many institutes that are part 

  of the Chinese Academy of Sciences) has been at the forefront of HPC systems  

  research in China  
 

Loongson chips based on MIPS architecture emphasize low power  
 

ShenWei developed by Jiangnan Institute of Computing Technology and Inspur  

 
Sunway BlueLight MPP (September, 2011) at the National Supercomputer  

  Center in Jinan  
 

Domestic ShenWei (SW) microprocessor based on Alpha architecture 
  

Domestic InfiniBand-like interconnect and elaborate water-cooling system  
 

1 Megawatt and 9 racks vs. Jaguar 7 megawatts and hundreds of racks  
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Key technologies for the above efforts include:   

 
 Integrate GPUs and CPUs for high-performance parallel computing  
 Includes 2048 FT-1000 CPUs developed by NUDT  
 Proprietary high-speed interconnect twice as fast as Infiniband  
 Feiteng FT-1000 CPU based on OpenSPARC architecture  
 64-bit 64-thread 8-core parallel system on chip (PSoC) design  
 Four independent DDR3 memory channels (bandwidth 32GBps)  
 Eight lane PCI-E 2.0 I/O interfaces  
 Three CPU HTT direct link interfaces on the chip  
 65-nm process fabricated by TSMC  
 800 MHz – 1 GHz  
 Peak performance: 8 Gflops (?)  
 Up to 350 million transistors  
 Goal: improve domestic design and test skills  
 No performance boost from chip in Tianhe-1A  
 R&D for 16-core at NUDT  
 FT-2000 chip for next version of TianHe  

 

Godson-3B Microprocessor Core 

Wei-wu Hu, a professor at Beijing's Institute of Computing Technology has 

led development of the chips such as the 64-bit, MIPS-compatible 464V (V 

means extensions for vector processing) core and the Superscalar, out-of-

order pipeline for four instructions per clock cycle. The latter supports 200 

instructions to emulate the Intel x86 while the Core extends its previous 64-

bit floating point unit with a 256-bit SIMD vector unit (including eight 64-bit 

MACs).  

The aforementioned technicalities allow China to ‗leapfrog‘ 45nm process 

technology to 28nm (and they are thought to be now in 32 or 45 nm 

capability). Godson uses STMicro with TSMC as a second source.  TSMC has 

28nm available for key partners Xilinx and Altera.  Would a China national 

project use a Taiwanese foundry? Chinese government has invested $10 

billion in a range of 16 high tech projects in the last five years. The Godson 

processor effort was initiated a decade ago in China's 10th Five-Year Plan.  

Specifically, the Godson 3-B processors were funded by the 2006-2020 

Chinese initiative (i.e., the 16 mega-projects) and may have 4, 8 or even 16 

cores. Multi-core approaches are aimed at capitalizing on the power of 

advanced memory and chipsets of diminishing size but generate much heat. 

To get an idea of the scale; an eight-core chip is 300 mm squared.  
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In terms of computing capacity; a 65nm CMOS process equates to 1.05 GHz 

with 3.2GFlops/Watt (peak performance is 128/256GFlops for double/single 

precision @ 40W). Additionally, there is no multithreading (unlike Intel, 

AMD).  Their single core executes multiple instructions simultaneously. 

Scaling to a large number of cores makes multi-threading less important. 

Also, the Godson-3C will use a 32 nm process featuring either 8 or 16 cores;  

2 GHz; 512 Gflops and will be available by 2012 – 2013.  

If the above specifications only reflect the fabrication and design part of the 

business, take a gander at their architectural innovations; the Godson 

interconnect being noteworthy. Godson uses mesh, not ring, fundamentals. 

This translates in such a manner as  to impart less data movement; meaning 

lower energy requirements for a 40W/chip yielding 128 Gflops. The other 

advantage of this method is that it scales easily to more cores. 

 

Godson is not alone in pushing forward. ShenWei is developing the SW1600 

that houses its Third-Generation microprocessor SW-3. This product will 

feature a 64-bit RISC CPU; 16 cores and 1.1 GHz clock in HPC. Moreover, 

ShenWei will implement the SMIC 65nm process used in HPC (Sunway Blue 

Light MPP, 1 PFLOP) that was developed by Shanghai Fudan Microelectronics 

Corporation. (Fudan University Integrated Circuit Engineering Center 

developed Shenwei-1; the earlier SW-1 and SW-2 based on DEC Alpha 

21164 processor circa 1995) The company specializes in smart cards (e.g. 



20-20 Hindsight 
 

 529 

FM1208) and flash memory. Additionally, baseband processor chips will be 

used in the BeiDou (COMPASS) Navigation Satellite System, designed for 

military use. 

Other PRC CPU Architectures  
X86 – a Complex Instruction Set Computer (CISC)  



8086 launched in 1978  

Still the dominant CPU architecture  



MIPS – a Reduced Instruction Set Computer (RISC) architecture  


Stanford (Hennessy) project origin - MIPS R2000 in 1985, R3000 in 1988  

Godson CPUs, Sony Playstation, SGI workstations, and widely licensed  



Sparc - a RISC from SUN in 1987  


Feiteng CPUs, also Fujitsu chips in K computer (world‘s fastest in June, 2011)  


Alpha: 64-bit RISC by DEC in 1992  


Shenwei CPUs, also used in Cray HPC  


POWER (RISC) by IBM computers in 1990  


POWER7 multi-core for BlueGene HPC and Watson  


ARM – Advanced RISC Machine  


Simple architecture is market leader for low-power and mobile  

NVIDIA Tegra 3 SoC (4 ARM cores plus GPUs) in smartphones, tablets (Lenovo 

  IdeaPad) and Barcelona HPC  



Atom – an “in-order” processor for low power  


Low-voltage 64-bit x86 processor used in netbooks first produced in 2008  

Single core 32 nm ―Medfield‖ SoC –used in smartphones and tablets by Lenovo 

  and Motorola in 2012  
 

Meanwhile, Hengzhi is providing a Cryptographic Security Chip.  Hengzhi is a 

TCM chip (Trusted Cryptography Module). Lenovo developed this chip in 

2005. TCM group, by contrast, had 19 members in 2009. This is an  attempt 

by China to set a trusted computing standard; much as we discussed earlier 

as a strategic innovation gambit.  

Next, Zhongxing Integrated Circuit Design Corp. designed a TCM-compliant 

chip. Lenovo, Great Wall, ZTE, Tongfang, Fangzheng, etc. use it for secure 

computers. Lenovo, in particular, reported record sales of $8.4 billion USD 

for fiscal third quarter of 2011. Their Global market share is 14 percent. That 
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makes Lenovo the second-largest PC maker by market share; after reducing 

the gap with HP to 2 percent from 9 percent in 2010. 36% of Lenovo is 

considered a PRC SOE. In the USA, such events spark fears of ‗backdoor for 

China Government‘ if Chinese laptops are bought by West. For your 

information TPM (Trusted Platform Module) is global standard as a 

specification of the Trusted Computing Group; used by Intel (TPM chip) and 

Microsoft (OS software). These are no longer legal in China.TPM chips are 

used in laptops to encrypt contents and to store cryptographic keys for 

secure processing. The current spec is 1.2 Revision 116 (as of March 3rd, 

2011) and is also available as the international standard ISO/IEC 11889.   

All of this shows China came a long way in a short time due to S&T 

management from above; perhaps much to the chagrin of Needham‘s 

theorem about why Chinese innovation went astray due to centralized 

planning. Tsinghua University cites167 the following progression of 

evolutionary (tailored?) approaches: At first the PRC used the Integrated 

Device Manufacturer (IDM) model during the 1970‘s & 1980‘s; such 

vertically integrated firms in Japan and South Korea firms copied at first but 

learned to innovate and move up the value chain. 

Then China adopted the Global Production Network (GPN) model throughout 

the 1990‘s; featuring an international division of labor with firms specializing 

in fabless design, foundry contract IC manufacturing, packaging and testing.  

Foundries like Taiwan Semiconductor Manufacturing Company (TSMC) 

emerged and so began China‘s Integrated Circuit (IC) industry. In June 

2000, the ―No. 18 Document‖ replaced the Chinese government strategy of 

vertical integration by ―vertical specialization accompanied by industrial 

integration on a regional basis‖ and opened doors to foreign capital. This 

enabled China to tap into new technologies, expertise, low-cost labor and 

intellectual property. It further ―clustered‖ firms at all nodes of value chain 

in regions and industrial parks. Shanghai, especially, attracted hundreds of 

firms from Taiwan and Silicon Valley  

Consequently in the 2010s, China has a Complete IC Value Chain.  After 

many years of rapid growth, China‘s IC industry has built up a complete 

industrial supply chain with design, manufacturing, packaging and testing 

sectors. So, the technological gap between China‘s IC industry and 

                                                 
167 As found in Ling Chen & Lan Xue - Global Production Network and the Upgrading of China's Integrated 
        Circuit Industry, China & World Economy Volume 18, Issue 6, pages 109–126, November-December 2010  
        (Chinese  Academy of Social Sciences)  
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international standards is shrinking.  China is trying to move up the value 

chain and the high-value design sector is growing fastest.  China‘s policies to 

promote indigenous innovation are seen as the way to upgrade technological 

capacity…making the IC industry a pathfinder from which to benchmark and 

apply in other business sectors. 

In summary, from evaluation pertaining to China‘s expansion into the IC 

industry segment, we may observe that in the past, China and the United 

States both operated on (U.S.) commercially-developed computing 

infrastructure. Up until China has demonstrated aggressive behavior in 

cyberspace, Chinese products were only peripherally involved in the defense 

electronics supply chain. It is clear that the Chinese government 

orchestrated efforts by indigenous industry to imitate U.S. industry and 

technology.  

Looming in the future: China will have its own computing infrastructure. The 

PRC is pushing to be able to innovate; although it is easier to catch-up than 

lead. Nevertheless, the Chinese electronics industry, at least, is moving up 

the value chain. Therefore, Chinese products will play an increasingly 

important role in U.S. defense electronics (for technology and cost reasons). 

Consequently, the U.S. may be at a disadvantage if China‘s computing 

infrastructure is more defensible; they control more of the supply chain for 

U.S. infrastructure and if they supply electronic systems to global defense 

industries.  

Forecast 
That perceptive and brilliant British historian, Simon Schama has written 

―Histories never conclude; they just pause‖. In thinking about relations 

among the world‘s powers with China, the start of the 21st century is a 

deceptively convenient place for such a pause. In retrospect, the 

constellations of global policies and power are demonstrating portents of 

significant, and potentially dramatic, change…again. As the Spanish 

philosopher George Santayana remarked, ―Those who cannot remember the 

past are condemned to repeat it.‖; often paraphrased euphemistically by 

Karl Marx as ―History repeats itself; first as tragedy and second as farce.‖  

In the case a re-emerging China, will it be tragedy or farce? The Boston 

Globe reported in June 2012 that for the first time, people responding to a 

global survey are more likely to view China and not the United States as the 

world‘s leading economic power. ―The results of the Pew Research Center 
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survey do not reflect reality: America's economy remains well ahead of its 

closest rival. But it does highlight China's steadily rising public image amid 

rapid growth, as well as the erosion of the United States' status as the global 

superpower; especially after the 2008 financial crisis left it struggling with 

recession and high unemployment.   

The 21-nation poll found that 41 percent of people said China was the 

world's economic power, while 40 percent favored the U.S. Among the 14 

nations that were asked the same question in 2008, the margin was wider: 

45 percent placed the U.S. on top four years ago, with just 22 percent for 

China - but in the latest poll China was favored 42 percent to 36 percent. 

The trend was especially strong in Europe: 58 percent of people in Britain 

saw China as the leading economy, versus just 28 percent for the United 

States. Even in the U.S., respondents were about evenly divided on the 

question. Turkey and Mexico were the only countries where more than half 

of people consider the United States the leading economic power.‖   

China passed Germany as the biggest exporter in 2009 and has overtaken 

Japan as the world's second-biggest economy. But its situation is complex: 

It is relatively poor by income per person, while the United States is among 

the richest. The United States is the global center for the auto, computer, 

finance, aerospace and other industries. 

China's competitive edge is its large pool of low-cost labor, but that is 

shrinking as wages rise and the Chinese population ages. The World Bank 

and the communist government's own advisers warn it must make basic 

changes to its economic strategy to boost productivity and keep incomes 

rising. Those nuances are reflected in the Chinese public's more tempered 

views of their country in the Pew survey. Only 29 percent of people 

interviewed saw it as the leading economy, versus 48 percent for the United 

States. 

At the start of the twentieth century, world politics centered on Europe. That 

focus remained dominant and in the end saw the United States become the 

single ‗hyper-power‘. American economic, political and military supremacy 

temporarily disguised the fragilities of that pattern. Western ideals of world 

order rested on the conviction that one is not just another nation-state but a 

special people with a manifest destiny. Such concepts mandated 

interventionism and isolation from institutions espousing world governance 
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(e.g., the United Nations). Such helps to undermine principles of sovereignty 

for those interfered with. In any case, these were subverted by new trans-

national interests and groups in migration (be they globalization among 

industries or syndicated crime). 

As American physical and soft power entered a period of chrysalis, the 

implementation of universalist ideals met resistance. By the turn of the 

century the USA ceased to be the preeminent exporter of both goods and 

capital. We are now only one-such other imperialist power to become a 

major debtor. Ironically, the novel patterns of world economy as encouraged 

by American implementation of policies or inventions helped destabilize and 

disestablish manufacturing, trading and monetary systems.  

In 2002, three-quarters of the value of publicly traded U.S. companies was 

in the form of intangible assets. Anecdotally, this enhances the conjecture 

that knowledge is displacing resources as the driver for economic wealth. 

These new forces accentuate inequalities and decouple from social welfare 

the jobs and incomes needed to survive, let alone prosper. By 2005, the 

U.S. National Intelligence Council began asking whether global commerce 

could survive the rise of China. 

New technologies will change energy supply consumption, building design 

and vehicular transportation. Novel weaponry is becoming available to small 

groups of persons unrelated to State actions. Bio-technology in particular 

might produce more catastrophic (or at least disruptive) changes. How China 

will fit into either a uni-polar or bi-polar world of technology distribution will 

depend upon what happens within the PRC itself. For all of the tumultuous 

event of the last two centuries, there is much about modern China that is 

redolent of its past – some may even say their ‗lost‘ civilizations. 

One can reflect upon the China period from the late nineteenth century until 

1949 as just another ‗time of troubles‘ of the kind that afflicted China 

repeatedly in the intervals between one dynasty and others. Chinese 

governance since 1949 is merely an abstract form of dynasty. For all the 

differences between personalities and historical backdrops, the career of Mao 

has intriguing parallels with the Ming founder, Hongwu. 

Both men came from humble backgrounds while coming into governance 

over their empire by dint of battle, hard work and ruthless determination. 

Once in power, both centralized government into their own hands. In each 
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case, the ruler‘s word was law. More limited correlations occur amongst their 

successors. Hongwu was followed by the forceful yet lesser figure of Yongle; 

as Mao was succeeded after a short interval by the personality of Deng 

Xiaoping. Deng was followed in declining charisma but adept administrators 

such as Jiang Zemin and Hu Jintao just as Yongle‘s imperial throne was 

similarly occupied. 

Even the fundamental problems of successive dynasties have strong echoes 

in the half-century Mao ‗dynasty‘. If the Tang, Song, Ming and Qing 

dynasties were, in turn, undermined by the interleaved problems of 

population growth, central administration and orders; China has not 

surmounted these difficulties by 2012 either. China‘s population tripled after 

1945. At the same time, while the PRC has accepted modern concepts about 

state sovereignty and capitalism, there is not much evidence that the 

ancient and deeply rooted Chinese sense of cultural-civilizational superiority 

has weakened.   

It is all very well to say: that prosperity in China depends upon releasing 

dynamism and creativity; upon centralization domestically; and growing 

links with the outside world…but, economic growth and technical innovation 

are always disruptive to established systems. Fast growth inevitably creates 

volatilities; as it did in Britain in the late eighteenth century or in 1918 

Germany and Japan. China knows this, and therefore, is directing their 

targets accordingly. The global links of business, technology, information 

and trade must constrain nationalistic policies; as in the mobility of money.  

Additional pressures for invention requires new breaths from outsider ideas 

in addition to foreign capital. They create, in turn, the very dangers of 

disruption against which the ancient Emperor warned back in 1717. At the 

same instance, a legal system able to encourage innovative economic 

activity cannot continue to be a mere creature of political power; but must 

be able to provide independent, clear and firm rules. Some leaders in China 

understand the balance of reform and public participation. One Minister 

remarked that ―The faster the economy grows, the more quickly we run the 

risk of crisis if our reforms do not keep pace.‖ 168 For all that, PRC growth 

seems certain to sustain record rates for some indeterminate time. As in 

times past, nationalist sensitivities in China, even Xenophobia, are very 

much alive.  

                                                 
168

 Pan Yue (Deputy Minister for Environment); Der Spiegel (2005) 
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The PRC desires to be economically independent as it does to be politically 

independent. In view of this, we face peril in ignoring the forces of historical 

politics, psychology, pride, ambition, insecurity, fear, jealousy, group 

identity and cultural cohesion. The only expressly confident item to declare 

is that no pattern or structure of power (or of international relations) lasts 

very long in the far term. It is equally certainty that in the tidal flows across 

the long-run, there are repeating patterns in the manner chaos theory finds 

beauty in fractals. Once in my career, teams of us performed shift work 

monitoring strategic machinery. When all of the necessary chores and 

training had been completed, the crews often played cards to de-stress and 

combat boredom. Although the simple games such as poker or black-jack 

ensured everyone could participate; the most favored games were the ones 

involving team bidding such as Hearts, Spades, Contract Bridge and 

Pinochle.  

One of our colleagues was a true hierophant at the paste boards. A few of us 

confronted him about potentially cheating but he assured us that given his 

years of experience playing cards, he could discern the run of the game 

simply by observing the bidding carefully. In his words, ―I‘ve seen this hand 

before‖. Through the lens of dynastic China and its innovation history 

environment, we‘ve seen this hand before and have little doubt how the 

game will play out – China will become indigenously inventive very soon. It‘s 

their time & it‘s their turn. However, you don‘t have to take my word for it. 

Technological innovation and economic growth are closely related and can be 

articulated within the concept of cycles or waves. Each wave represents a 

diffusion phase of technological innovations creating entirely new economic 

sectors, and thus opportunities for investment and growth. Since the 

beginning of the industrial revolution in the late 18th century five waves 

have been identified: 

 1st wave (1785-1845). Leaned on innovations such as water power, textiles and iron. The 

beginning of the industrial revolution in England was mainly focusing on simple 

commodities such as clothes and tools. The conventional maritime technology relying on 

sail-ships was perfected, supporting the creation large colonial/trading empires, mainly 

by Great Britain, France, the Netherlands, and Spain. Significant inland waterway 

systems were also constructed. The costs of production and transportation was 

significantly reduced.  

 2nd wave (1845-1900). Involved the massive application of coal as a source of energy, 

mainly through the steam engine. This induced the development of rail transport systems, 

opening new markets and giving access to a wider array of resources. The steamship had 

a similar impact for maritime transportation and permitted expanded commercial 

opportunities in global trade.  
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 3rd wave (1900-1950). Electrification was a major economic change as it permitted the 

usage of a variety of machines and appliances. This permitted the development of urban 

transit systems (subways and tramways). Another significant improvement was the 

internal combustion engine, around which the whole automotive industry was created and 

permitted the motorization of mobility.  

 4th wave (1950-1990). The post World War II period represented significant industrial 

changes such as plastics (petrochemicals) and electronics (television). The jet engine 

expanded the aviation industry towards the mass market and mobility could be realized 

globally.  

 5th wave (1990-2020?). The current wave mainly relies on information systems, which 

have tremendously modified the transactional environment with new methods of 

communication and more efficient management of production and distribution systems 

(logistics). This spawned new industries, mainly computer manufacturing and software 

programming, but more recently e-commerce as information processing converged with 

telecommunications.  

These waves are related to the phases of development of the world 

economy. As time progressed, the lapse between each wave got shorter. For 

instance, the first wave lasted 60 years while the fourth wave lasted 40 

years. This reflects a growing capacity for innovation and the capacity of 

economic systems to derive commercial opportunities from an innovation 

once it has been adopted. Innovations are no longer the result of individual 

efforts, but are organized and concerted actions whose results are rapidly 

diffused. It is thus expected that the fifth wave will last about 30 years. 

Globalization is mostly a cumulative process based on changes on the 

modes of accumulation (how growth is generated) and their functional 

relations (how growth is structured). The capacity to produce 

(manufacturing) and to distribute (transport) remain fundamental as vectors 

of economic development. Since the beginning of the Modern Era in the 16th 

century, four major world economic phases leading to the development of 

the world economy can be identified; with the fifth speculative about how 

globalization may unfold in the future: 

 The age of mercantilism (c1500-1780) and the setting of the first transoceanic trade 

routes led to a remarkable expansion of the hegemony of Europe through the setting of 

colonial empires (such as the Spanish and Portuguese empires) and their underlying 

mercantilist system where trade relations were monopolized and controlled. Although 

Empires such as China and India (Mughal) were significant economic entities, they were 

not proactive at setting long distance trade relations but transacted with foreign 

merchants. Still, for the majority of economic activities the spatial scale of relations 

remained local in scope as economies of scale for inland transportation remained elusive. 

Production stayed relatively unchanged since the Middle Ages with a system based on 

the workshop where crafts were learned, developed and diffused to apprentices. In many 

cases this led to the emergence of specialized craft cities where specific production 

http://people.hofstra.edu/geotrans/eng/ch2en/conc2en/table_worldeconomy.html
http://people.hofstra.edu/geotrans/eng/ch2en/conc2en/table_worldeconomy.html
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expertise were mastered and guarded by guild organizations. Yet this system of 

monopolistic play did not permit mass production.  

 The industrial revolution (c1780-1880) saw to setting of mechanized production and 

distribution systems and the emergence of industrial capitalism where mass production 

and consumption became a possibility. This required the usage of a larger production 

unit; the factory. Additional demand for labor incited higher levels of urbanization and 

the emergence of industrial cities having a wide scale of trade relations, mostly with areas 

supplying raw materials and energy. This was made possible by the setting of canals and 

then by the first regional rail networks, permitting for the first time economies of scale 

for inland transportation. The introduction of the steamship strengthened long distance 

trade and colonialism.  

 The emergence of fordism (c1880-1970) resulted in a capitalist system dominated by 

large multinational corporations or corporations operating under a quasi-monopolistic 

status over their respective economies. The growing complexity of manufacturing 

benefited from the setting of industrial clusters (manufacturing belts) where related 

industries agglomerated. The setting of the assembly line model relied on a network of 

suppliers in relative close proximity and the advent of production management. 

International and regional relations were serviced by well-established steamship and rail 

networks. During the later part of this period, colonial empires collapsed with state 

imperialism replaced by corporate imperialism. The economic role of developing 

countries (many of which being former colonies) started to become more prevalent in a 

world that until then was dominantly assumed by Europe and its offshoots (e.g. USA). 

Yet, for entities such as China and India, this period marked a remarkable decline in their 

economic importance.  

 Post-fordism (c1970-2010) saw an acceleration of globalization, particularly with the 

emergence of export-oriented economies (e.g. Japan, Korea, China) that gained from the 

offshoring of several manufacturing tasks and the setting of global production networks 

managed by corporate systems. This was made possible by a convergence of key 

transportation technologies, particularly containerization, jet planes services and 

telecommunications. While the level of manufacturing output increased, its relative share 

declined in relation to the growth of service activities. Knowledge became a form of 

capital, particularly since innovation played an important role in the quantitative and 

qualitative improvement of goods and services. Information technologies became 

increasingly embedded in products and services. Multilateral trade agreements and 

economic blocs provided a transactional environment favorable to take advantage of the 

comparative advantages of locations in terms of labor, land or resources.  

The challenges standing at the beginning of the 21st century bring the 

question about how globalization and its underlying production and 

distribution processes will evolve. Emerging environmental and resource 

scarcity concerns are indicative of a sustainable capitalism paradigm where 

economic activities a bound to minimize their externalities (e.g. waste, 

pollution, congestion) both because of regulatory and competitive pressures. 

Like the previous post-fordist phase, the setting of efficient supply chains 

will be fundamental; particularly in the context where each element 

collaborate to add value.  
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While globalization will remain a dominant paradigm, energy and recycling 

will incite a more regionally focused manufacturing system. Production 

systems are likely to take a more hierarchical structure; shifting to global 

sourcing when necessary but preferring regional suppliers. The level of 

intermodal integration of transport systems, for both passengers and freight, 

will lead to additional efficiency improvements even if modal speeds do not 

very significantly. Nation-states will remain the basic functional unit, but 

economic integration will continue to blur the distinctiveness between the 

nation and the economic region.  

The Russian economist Nikolai Kondratiev (also written Kondratieff) was the 

first to bring these observations to international attention in his book The 

Major Economic Cycles (1925) alongside other works written in the same 

decade. Two Dutch economists, Jacob van Gelderen and Samuel de Wolff, 

had previously argued for the existence of 50 to 60 year cycles in 1913. 

However, the work of de Wolff and van Gelderen has only recently been 

translated from Dutch  to reach a wider audience. Kondratiev was a Russian 

economist, but his economic conclusions were disliked by the Soviet 

leadership and upon their release he was quickly dismissed from his post as 

director of the Institute for the Study of Business Activity in the Soviet Union 

in 1928. His conclusions were seen as a criticism of Stalin‘s intentions for the 

USSR economy; as a result he was sentenced to the Soviet Gulag and later 

received the death penalty in 1938.  

Later, in Business Cycles (1939), Joseph Schumpeter suggested naming the 

cycles "Kondratieff waves", in honor of the economist who first noticed 

them. In the 1950s, French economist François Simiand proposed naming 

the ascendant period of the cycle "Phase A" and the downward period "Phase 

B". Some market commentators divide the Kondratiev wave into four 

'seasons', namely: the Kondratiev Spring (improvement or plateau) and 

Summer (acceleration or prosperity) of the ascendant period and the 

Kondratiev Fall (recession or plateau) and Winter (acceleration or 

depression) of the downward period. The late 2000‘s financial crisis had 

increased an interest in the theories of long economical cycles (including 

Kondriatiev cycle) as a potential explanation of its cause. 

According to the innovation theory, these waves arise from the bunching of 

basic innovations that launch technological revolutions that in turn create 

leading industrial or commercial sectors. The theory hypothesized the 

existence of very long-run macro-economic and price cycles; originally 

http://en.wikipedia.org/wiki/Nikolai_Kondratiev
http://en.wikipedia.org/wiki/Jacob_van_Gelderen
http://en.wikipedia.org/w/index.php?title=Samuel_de_Wolff&action=edit&redlink=1
http://en.wikipedia.org/wiki/Joseph_Schumpeter
http://en.wikipedia.org/wiki/Fran%C3%A7ois_Simiand
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estimated to last 50–54 years. In recent decades there has been 

considerable progress in historical economics and the history of technology; 

with numerous investigations of the relationship between technological 

innovation and economic cycles. Some of the works involving long cycle 

research and technology include Mensch (1979), Tylecote (1991), The 

International Institute for Applied Systems Analysis (IIASA) (Marchetti, 

Ayres), Freeman and Loucã (2001) and Carlota Perez. 

Several papers on the relationship between technology and the economy 

were written by researchers at the International Institute for Applied 

Systems Analysis (IIASA). The pertinent papers deal with energy 

substitution and the role of work in the economy as well as with the long 

economic cycle. The authors were engineers, physicists, economists or other 

technical people often working with economists and give a much better 

interpretation than most previous works. Using the logistic function, these 

researchers were able to provide new insight into market penetration, 

saturation and forecasting the diffusion of various innovations, 

infrastructures and energy source substitutions. A concise version of 

Kondratiev cycles can be found in Robert Ayres (1989) in which he gives a 

historical overview of the relationships of the most significant technologies.  

Cesare Marchetti published on Kondretiev waves and on diffusion of 

innovations.  Arnulf Grübler‘s book (1990) gives a detailed account of the 

diffusion of infrastructures including canals, railroads, highways and airlines; 

with findings that the principle infrastructures have midpoints spaced in time 

corresponding to 55-year ‗K‘ wavelengths; or with railroads and highways 

taking almost a century to complete. Grübler devotes a chapter to the long 

economic wave.  

Korotayev et al. recently employed spectral analysis and claimed that it 

confirmed the presence of Kondratiev waves in the world GDP dynamics at 

an acceptable level of statistical significance. They also detected shorter 

business cycles; dating the Kuznets to about 17 years and calling it the third 

harmonic of the Kondratiev - meaning that there are three Kuznets cycles 

per Kondratiev. 

The historian Eric Hobsbawm wrote of the theory: "That good predictions 

have proved possible on the basis of Kondratiev Long Waves—this is not 

very common in economics—has convinced many historians and even some 

economists that there is something in them, even if we don't know what."   

More recently the physicist and systems scientist Tessaleno Devezas 

http://en.wikipedia.org/wiki/Eric_Hobsbawm
http://en.wikipedia.org/wiki/Tessaleno_Devezas
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advanced a causal model for the long wave phenomenon based on a 

generation-learning model and a nonlinear dynamic behavior of information 

systems.  In both works a complete theory is presented containing not only 

the explanation for the existence of K-Waves, but also and for the first time 

an explanation for the timing of a K-Wave (≈60 years = two generations). A 

specific modification of the theory of Kondratiev cycles was developed by 

Daniel Šmihula.  For the modern era and the capitalist economy he defined 

six long economic waves (cycles) and each of them was initiated by a 

specific technological revolution. 

Unlike original Kondratiev's and Schumpeter's views, in Smihula's conception 

each new "wave" due to acceleration of scientific and technological progress) 

is shorter than a previous one. The main stress is put on technological 

progress and new technologies as decisive factors of any long-time economic 

development.  

Each of these waves has its innovation phase (there occur innovations in a 

form applicable in practical life and also their first real application) which is 

described as a technological revolution and an application phase in which the 

number of revolutionary innovations falls and attention focuses on exploiting 

and extending existing innovations. (As soon as an innovation or a "chain of 

innovations" becomes available, it becomes more efficient to invest in its 

adoption, extension and use than in creating new innovations.) Each wave 

(each cycle) of technological innovations can be characterized by the area in 

which the most revolutionary changes took place ("leading sectors"). 

Every wave of innovations lasts approximately until the profits from the new 

innovation or sector fall to the level of other, older, more traditional sectors. 

It is a situation when the new technology, which originally increased a 

capacity to utilize new sources from nature, reached its limits and it is not 

possible to overcome this limit without an application of another new 

technology.  

For the end of an application phase of any wave there are typical an 

economic crisis and stagnation. The economic crisis in 2007-2010 is a result 

of the coming end of the "wave of the Information and telecommunications 

technological revolution".  Some authors have started to predict what the 

sixth wave might be, such as James Bradfield Moody and Bianca Nogrady 

who forecast that it will be driven by resource efficiency and clean 

technology.   

http://en.wikipedia.org/wiki/Daniel_%C5%A0mihula
http://en.wikipedia.org/wiki/James_Bradfield_Moody
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On the other hand, Šmihula himself considers the waves of technological 

innovation during the modern age (after 1600 AD) only as a part of a much 

longer ‗chain― of technological revolutions going back to the pre-modern era. 

It means he believes that we can find long economic cycles  (analogical to 

Kondratiev cycles in modern economy) dependent on technological 

revolutions even in the  Middle Ages and the Ancient era.  

If you compare the Tokugawa regime and the Mao regime, you will see the 

similarity of Japan‘s rise in the 1980s and China‘s rise from 2005. They both 

turned to a closed country policy and developed by its own sake. The Meiji 

era was different compared to the China's transitional economy after Mao 

died. Japan opened the country for trade but made a great effort to compete 

with foreign firms and influence.  China, on the contrary, opened the country 

for foreign investment. Japan developed its own development model called 

export oriented policy. China accepted it. 

In 1985, Japan was forced to appreciate the Yen under the Plaza accord. 

China has pegged its currency to the U.S. dollar; and declared to fight in the 

currency war. Japanese investors moved out of the country (called a third 

wave). China is still a land of production. It has engaged in foreign countries 

only to gain energy and raw material. Japan developed on its own savings 

and developed incumbent technology. China developed from foreign funds 

and western technology adoption. China uses military power to gain 

economic advantage. Japan has only self-defense forces; which cannot as a 

rule activate in foreign territory (i.e., it deploys for economic objectives 

alone). 

Defense scholars such as David Yang (RAND), Eric Hagt (World Security 

Institute), Kathleen Francis or Tom Mahnken (U.S. Naval War College) and 

Tai Ming Cheung (University California-San Diego) have mixed reviews about 

China and Innovation relative to U.S. defense capabilities, but the work by 

Cheung especially identifies the mini-waves of innovation from the 1980s to 

the present. He underscores five waves of innovation in China‘s economy.  

The 1980s-1990s featured policy and output reform aimed at conversion of 

industries and downsizing. This dovetailed with late 1990s political and 

organizational changes. Cheung pits the tipping point as 1998-1999; a 

―watershed reform period‖. Sector-level innovation thence began a climb 

from Y2k-2005; opening the economy to non-state firms with a dual-use 

technology focus. The largest wave Cheung illustrates from the Year of the 
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Rooster (2005) until the present (the Year of the Dragon); featuring financial 

innovations aimed at capital markets, foreign investment and corporate 

reforms in addition to government anti-corruption moves. 

The collective evaluation by defense think-tanks appears to be that China is 

showing incremental innovation and architectural innovation but are shy 

from achieving the far more lucrative component and disruptive innovations 

still resonant in the West. The basis for that assessment is amble evidence 

that China has established the ‗hard‘ (may be difficult, but meaning intended 

connotes tangible proofs) innovation characteristics (e.g. human capital, 

funding, infrastructure) but struggles with the ‗soft‘ ones (e.g. process-

related activities such as marketing, entrepreneurial skills and competitive 

threat identification).169  

There are areas for improvement; but all of these are addressed in China‘s 

12th Five-Year Plan. They include: lack of competition, entrenched 

monopolies, endemic corruption, critical obstacles to modernization and 

weak producer-user/consumer relationships. In short, China is overcoming 

(again) 50 years of risk-averse, poorly supervised, uncompetitive practices 

with new governance regimes; not to mention enabled with considerable 

knowledge engineering/management reforms. Four mechanisms of these 

regimes can be categorized as: Competition (revamping contract and project 

management systems), Evaluation, Supervision (malpractice combat) and 

Incentivization (aimed at rewarding bold business initiatives and individuals). 

In the midst of evolving economy, most western executives continue to draw 

upon a tool kit designed for yesterday‘s stable marketplace. Strategies 

emerge that neither manage risks not take advantage of arising 

opportunities. At best, they attempt to predict rather than moderate the 

future. Consulting houses such as McKinsey & Company argue that 

managers must divest the ―all or nothing‖ view of strategy—working either 

to overcome organization inertia or restraining behemoth corporate 

momentum. Maybe that is why China‘s foresight comes from century‘s worth 

of 20/20 hindsight; where there is less uncertainty. 

 

                                                 
169 IGCC (2012) 



20-20 Hindsight 
 

 543 

BIBLIOGRAPHY 

References 

A 
 
Ahrens, N. 2010. ―Innovation and the Visible Hand: China, Indigenous Innovation and the Role 
of Government Procurement.‖ Carnegie Papers No. 114, Carnegie Endowment for International 
Peace, Washington, DC, July. 
 
Alderman, R. 2009. ―Market Inefficiencies, Open Standards and Patents.‖ Available at 
http://www.vita.com. 
 
Alic, J. 2009. ―Energy Innovation from the Bottom Up.‖ Project background paper prepared for 
the joint project of the Consortium for Science, Policy and Outcomes (CSPO), Arizona State 
University and the Clean Air Task Force (CATF), March. 
 
An, Baisheng. 2009. ―Intellectual Property Rights in Information and Communications 
Technology Standardization: High-Profile Disputes and Potential for Collaboration Between the 
United States and China.‖ Texas International Law Journal 45: 195. ANSI. 2005. United States 
Standards Strategy. New York: ANSI. Available at 
http://publicaa.ansi.org/sites/apdl/Documents/Standards%20Activities/NSSC/USSS-2005%20-
%20FINAL.pdf. 
 
Antonelli, C. 2011. ―The Systemic Dynamic of Technological Change: An Introductory Frame.‖ In 
Elgar Handbook on the System Dynamics of Technological Change, ed. C. Antonelli. 
Cheltenham, UK: Edward Elgar Publishing. 
 
Arthur, W. B. 2009. The Nature of Technology: What It Is and How It Evolves. New York: Free 
Press. 
 
Arthur, W. Brian. 1989. ―Competing Technologies, Increasing Returns, and Lock-In by Historical 
Events.‖ Economic Journal  99 (March): 116–31. 
 
Axelrod, R., and Michael D. Cohen. 1999. Harnessing Complexity: Organizational Implications 
of a Scientific Frontier. New York: Free Press. 
 

B 
 
Battelle. 2009. ―2010 Global R&D Funding Forecast.‖ R&D Magazine (December): 23. Available 
at http://www.battelle.org/aboutus/rd/2010.pdf. 
 
Baumol, W. 2004. The Free-Market Innovation Machine: Analyzing the Growth Miracle of 
Capitalism. Princeton, NJ: Princeton University Press. 
 
Baumol, W. J., and A. S. Blinder. 1991. Economics: Principles and Policy, 5th ed. Fort Worth, 
TX: Harcourt Brace Jovanovich. 
 
Bekkers, R., G. Duysters, and B. Verspagen. 2002. ―Intellectual Property Rights, Strategic 
Technology Agreements, and Market Structure: The Case Of GSM.‖ Research Policy 31:1141–
61. 
 
Blind, K., N. Thumm, E. Iversen, K. Hossain, R. van Reckum, B. Rixius, R. Bierhals and J. 
Sillwood. 2004. Interaction between Standardization and Intellectual Property Rights. Final 
Report, EUR 21074 EN, European Commission, Directorate-General, Joint Research Center. 

http://www.vita.com/
http://publicaa.ansi.org/sites/apdl/Documents/Standards%20Activities/NSSC/USSS-2005%20-%20FINAL.pdf
http://publicaa.ansi.org/sites/apdl/Documents/Standards%20Activities/NSSC/USSS-2005%20-%20FINAL.pdf
http://www.battelle.org/aboutus/rd/2010.pdf


20-20 Hindsight 
 

 544 

 
 
C 
 
Cao, C., R. P. Suttmeier, and D. F. Simon. 2006. ―China‘s 15-year Science and Technology 
Plan.‖ Physics Today (Dec.): 38–43. 
 
Cargill, C. F. 1989. Information Technology Standardization: Theory, Process and 
Organizations. Bedford, MA: Digital Press. 
 
Chen, Shin-Horng, and Pei-Chang Wen. 2010. ―Shanzhai Handsets and China‘s Bottom of the 
Pyramid Innovation.‖ Paper presented at the Conference on Chinese Approaches to National 
Innovation, UC San Diego, June 28–29. 

 

Christensen, Thomas J. 2001. Posing Problems Without Catching Up: China‘s Rise and 
Challenges for U.S. Security Policy. International Security 25 (4): 5–40. Available at 
http://muse.jhu.edu/journals/international_security/v025/25.4christensen.html. 
 
Clark, D. 2009. ―TD-SCDMA: Lessons for China‘s Future Innovation Policy from Indigenous to 
Ingenious Innovation.‖ Paper presented at the EWC/NBR Beijing conference ―Standards and 
Innovation Policy in the Global Knowledge Economy: Core Issues for China and the US,‖ 
October 14. 
 
Clark, D., G. Lin, and A. Xia. 2010. ―China‘s New Patent Regime.‖ The China Business Review 
37 (3): 31. 
 
Clinton, Hillary. 2011. America‘s Pacific Century. Foreign Policy (November). Available at 
http://www.foreignpolicy.com/articles/2011/10/11/americas_pacific_century. 

 

Coe, M. D. 2001 The Maya. Sixth Edition. Reprinted. Thames & Hudson, Singapore. Originally 
published 1994.  
 

Coe, M. D. 2001 Mexico: From the Olmec to the Aztecs. Fourth Edition. Reprinted. Thames & 
Hudson, Singapore. Originally published 1994. 

 

Collins, Gabriel, and Andrew Erickson. 2011. China‘s S-Curve Trajectory: Structural Factors Will 
Likely Slow the Growth of China‘s Economy and Comprehensive National Power. China 

SignPost [洞察中国] 44, 15 August. Available at 

http://www.chinasignpost.com/2011/08/china%e2%80%99s-s-curve-trajectory-structural-factors-
will-likely-slow-the-growth-of-china%e2%80%99s-economy-and-comprehensive-national-
power/. 
 
Connell, David. 2006. ―‗Secrets‘ of the World‘s Largest Seed Capital Fund: How the United 
States Government Uses its Small Business Innovation Research (SBIR) Program and 
Procurement Budgets to Support Small Technology Firms.‖ Center for Business Research, 
University of Cambridge, July. 
 
Cowhey, P., J. Aronson, and D. Abelson. 2009. Transforming Global Information and 
Communication Markets: The Political Economy of Innovation. Cambridge, MA: MIT Press. 
 
 
 

http://muse.jhu.edu/journals/international_security/v025/25.4christensen.html
http://www.foreignpolicy.com/articles/2011/10/11/americas_pacific_century
http://www.chinasignpost.com/2011/08/china%e2%80%99s-s-curve-trajectory-structural-factors-will-likely-slow-the-growth-of-china%e2%80%99s-economy-and-comprehensive-national-power/
http://www.chinasignpost.com/2011/08/china%e2%80%99s-s-curve-trajectory-structural-factors-will-likely-slow-the-growth-of-china%e2%80%99s-economy-and-comprehensive-national-power/
http://www.chinasignpost.com/2011/08/china%e2%80%99s-s-curve-trajectory-structural-factors-will-likely-slow-the-growth-of-china%e2%80%99s-economy-and-comprehensive-national-power/


20-20 Hindsight 
 

 545 

 

D 
 
Däniken, E. von. 1969 Chariots of the Gods? Bantam, New York.  
 
Davey, Paul. 2006. ―Patents and Standards.‖ Presentation at WIPO seminar, November 29. 
Available at 
http://www.wipo.int/export/sites/www/meetings/en/2006/patent_colloquia/11/pdf/davey_presenta
tion.pdf. 

 

Denmark, Abraham M. 2010. Asia‘s Security and the Contested Global Commons. In Asia‘s 
Rising Power and America‘s Continued Purpose, Ashley J. Tellis, Andrew Marble and Travis 
Tanner, eds. Seattle, WA: National Bureau of Asian Research. 
 
Drahos, P., with J. Braithwaite. 2002. Information Feudalism: Who Owns the Knowledge 
Economy? New York: New Press. 

 

Dutton, Peter. 2011. Three Disputes and Three Objectives: China and the South China Sea. 
Naval War College Review 64 (4): 42–67. Available at 
http://www.usnwc.edu/getattachment/feb516bf-9d93-4d5c-80dc-d5073ad84d9b/Three-Disputes-
and-Three-Objectives--China-and-the. 
 
 

E 
 

Erickson,  Andrew S.; 2011. Beijing‘s Aerospace Revolution: Short-Range Opportunities, Long-
Range Challenges. In Chinese Aerospace Power: Evolving Maritime Roles, Andrew Erickson 
and Lyle J. Goldstein, eds. Annapolis, MD: Naval Institute Press, 3–18. 
 
Ernst, D. 2002a. ―Global Production Networks and the Changing Geography of Innovation 
Systems: Implications for Developing Countries.‖ Economics of Innovation and New 
Technologies 11 (6): 497–523. 
 
———. 2003. ―Digital Information Systems and Global Flagship Networks: How Mobile Is 
Knowledge in the Global Network Economy?‖ In The Industrial Dynamics of the New Digital 
Economy, ed. J. F. Christensen. Cheltenham, UK: Edward Elgar. 
 
———. 2004. Global Production Networks in East Asia‘s Electronics Industry and Upgrading 
Perspectives in Malaysia.‖ In Global Production Networking and Technological Change in East 
Asia, eds. Shahid Yusuf, M. Anjum Altaf and Kaoru Nabeshima. The World Bank and Oxford 
University Press. 
 
———. 2005a. ―Complexity and Internationalization of Innovation: Why is Chip Design Moving to 
Asia?‖ International Journal of Innovation Management 9 (1): 47–73. 
 
———. 2005b. ―Limits to Modularity: Reflections on Recent Developments in Chip Design.‖ 
Industry and Innovation 12 (3): 303–35. 
 
———. 2005c. ―The New Mobility of Knowledge: Digital Information Systems and Global Flagship 
Networks.‖ In Digital Formations. IT and New Architectures in the Global Realm, eds. R. Latham 
and S. Sassen. Princeton, NJ: Princeton University Press. 
 
Ernst, Dieter. 2006. Innovation Offshoring: Asia‘s Emerging Role in Global Innovation Networks. 
East-West Center Special Reports, No. 10 (Honolulu, HI: East-West Center). 

http://www.wipo.int/export/sites/www/meetings/en/2006/patent_colloquia/11/pdf/davey_presentation.pdf
http://www.wipo.int/export/sites/www/meetings/en/2006/patent_colloquia/11/pdf/davey_presentation.pdf
http://www.usnwc.edu/getattachment/feb516bf-9d93-4d5c-80dc-d5073ad84d9b/Three-Disputes-and-Three-Objectives--China-and-the
http://www.usnwc.edu/getattachment/feb516bf-9d93-4d5c-80dc-d5073ad84d9b/Three-Disputes-and-Three-Objectives--China-and-the


20-20 Hindsight 
 

 546 

 
———. 2007a. ―Beyond the ‗Global Factory‘ Model: Innovative Capabilities for Upgrading China‘s 
IT Industry.‖ International Journal of Technology and Globalization 3 (4): 437–60. 
 
———. 2007b. ―Innovation Offshoring: Root Causes of Asia‘s Rise and Policy Implications.‖ In 
Multinational Corporations and The Emerging Network Economy in the Pacific Rim, ed. Juan 
Palacio. London: Routledge. 
 
Ernst, D. 2008. ―Can Chinese IT Firms Develop Innovative Capabilities Within Global 
Knowledge Networks?‖ In Greater China‘s Quest for Innovation, eds. Marguerite 
Gong Hancock, Henry S.Rowen, and Willliam F. Miller. Washington, DC: Brookings 
Institution Press. 
 
_____. 2009. A New Geography of Knowledge in the Electronics Industry? Asia‘s Role in Global 
Innovation Networks. Policy Studies No. 54, August (Honolulu, HI: East-West Center). 
 
———. 2009a. A New Geography of Knowledge in the Electronics Industry? Asia‘s Role in Global 
Innovation Networks. Policy Studies No. 54, August, East-West Center, Honolulu, HI. 
 
———. 2009b. ―China‘ Stimulus Package: A Catalyst for Recovery?‖ Asia Pacific Bulletin 35 
(June). 
 
———. 2010a. ―The American Standards System: A ‗Best Practice‘ Model for Other Countries?‖ 
Unpublished ms., East-West Center, Honolulu, Hawaii. 
 
———. 2010b. ―Adjusting to the Global Knowledge Economy? Recent Developments 
in China‘s WAPI Standard.‖ Unpublished manuscript, East-West Center, Honolulu. 
 
———. 2011a. ―China‘s Innovation Policy is a Wake-up Call for America.‖ Asia Pacific Issues No. 
100, East-West Center, May. 
 
———. 2011b. ―Globalization 2.0: National Technology Policies Within Global Innovation 
Networks.‖ book manuscript, East-West Center, Honolulu. 
 
Ernst, D., and D. Hart. 2008. ―Governing the Global Knowledge Economy: Mind the Gap!‖ East-
West Center Working Paper, Economics Series No. 93, January. 
  
Ernst, D., and D. O‘Connor. 1992. Competing in the Electronics Industry: The Experience 
of Newly Industrializing Economies. Paris: Development Centre Studies, OECD. 
 
Ernst, D., and S. Martin. 2010a. ―The Common Criteria for Information Technology Security 
Evaluation: Implications for China‘s Policy on Information Security Standards. East-West Center 
Working Paper, Economics Series No. 108, January 
 
EU–China IPR2 2009. ―Third Revision of China‘s Patent Law. Legal texts and documents on the 
drafting process, 2006–2009.‖ Available at http://www.ipr2.org/images/eu_patent_law-final.pdf. 
 
European Patent Office. 2007. Scenarios for the Future. Munich: EPO. 
 

F 
 
Fagerberg, J., D. C. Mowery, and R. R. Nelson, eds. 2004. The Oxford Handbook of Innovation. 
London: Oxford University Press. 
 
Feng, Jiuchao, and Zhongtang Wu. 2009. ―Development and Prospect of Digital Home Industry 
in China.‖ IEEE Circuits and Systems Society Newsletter (Feb.). 

http://www.ipr2.org/images/eu_patent_law-final.pdf


20-20 Hindsight 
 

 547 

 
Fomin, V. V., and Junbin Su. 2009. ―Final Report on Standards Dynamics: Audio- Visual.‖ China 
EU Information Technology Standards Research Partnership, October15. 
 
Furukawa, Y. 2010. ―Intellectual Property Protection and Innovation: An Inverted-U 
Relationship.‖ Economics Letters 109:99–101. 
 

G 
 
Gao, Xudong. 2009. ―Understanding Key Features of the TD-SCDMA Adoption Process in 
China.‖ Paper prepared for the EWC/NBR Beijing conference ―Standards and Innovation Policy 
in the Global Knowledge Economy: Core Issues for China and the U.S.,‖ October 14. 
 
———. 2010. ―Indigenous Innovation, Latecomer Disadvantage, and Non-Market Strategy: 
Lessons from the Development of TD-SCDMA in China.‖ Paper presented at the Conference on 
Chinese Approaches to National Innovation, UC San Diego, June 28–29. 
 
Garcia, D. L., B. L. Leickly, and S. Willey. 2005. ―Public and Private Interests in Standard 
Setting: Conflict or Convergence.‖ In The Standards Edge: Future Generations. Ann Arbor, MI: 
The Bolin Group. 
 
Gawer, A., and R. Henderson. 2007. ―Platform Owner Entry and Innovation in Complementary 
Markets: Evidence from Intel.‖ NBER Working Paper 11852. Available 
at http://www.nber.org/papers/w11852.pdf. 
 
Goldstein, P., and J. Straus, eds. 2009. Intellectual Property in Asia: Law, Economics, History 
and Politics. Berlin: Springer Verlag. 
 
Greenstein, S., and V. Stango. 2007. ―Introduction.‖ In Standards and Public Policy, eds. 
 
S. Greenstein and V. Stango. Cambridge: Cambridge University Press, 1–2. 
 
Grove, A. S. 1996. Only the Paranoid Survive: How to Exploit the Crisis Points that Challenge 
Every Company and Career. New York and London: Harper Collins Business. 
 
Gu, Shulin, and B. A. Lundvall. 2006. ―China‘s Innovation System and the Move Toward 
 

H 
 
Hancock, G. 1995 Fingerprints of the Gods. Crown, New York.  
 
Haslip-Viera, G., B. Ortiz de Montellano, and W. Barbour. 1997 CA Forum on Anthropology in 
Public: Robbing Native American Cultures: Van Sertimas Afrocentricity and the Olmec. Current 
Anthropology. 38: 419-441.  
 
―Harmonious Growth and Endogenous Innovation.‖ DRUID Working Paper No. 06-7, Danish 
Research Unit for Industrial Dynamics. Available at http://www3.druid.dk/wp/20060007.pdf. 
 
Hildrum, J., D. Ernst, and J. Fagerberg. 2011. ―The Complex Interaction Between Global 
Production Networks, Digital Information Systems, and International Knowledge Transfers.‖ In 
Elgar Handbook on the System Dynamics of Technological Change, C. Antonelli, ed. 
Cheltenham, UK: Edward Elgar Publishing. 
 
Hoffman, P. 2009. ―The Tao of IETF: A Novice‘s Guide to the Internet Engineering Task Force.‖ 
Available at http://tools.ietf.org/rfcmarkup?doc=fyi17. 

http://www.nber.org/papers/w11852.pdf
http://www3.druid.dk/wp/20060007.pdf
http://tools.ietf.org/rfcmarkup?doc=fyi17


20-20 Hindsight 
 

 548 

 
Huang, Tiejun, and Cliff Reader. 2009. China‘s AVS Intellectual Property Rights Policy: A New 
Approach for Developing Open Standards.‖ Paper prepared for the EWC/NBR Beijing 
conference ―Standards and Innovation Policy in the Global Knowledge Economy: Core Issues 
for China and the U.S.,‖ October 14. 
 
Huang, Tiejun, Wen Gao, and Cliff Reader. 2009. ―A New Approach for Developing Open 
Standards with a More Reasonable Patent Licensing Policy.‖ The Chinese Academy of 
Sciences, 4. 
 
Hunt, R. M., S. Simojoki, and T. Takalo. 2007. ―Intellectual Property Rights and Standard Setting 
in Financial Services: The Case of the Single European Payments Area.‖ Working Paper No. 
07-20, Research Department, Federal Reserve Bank of Philadelphia. Available at 
http://www.phil.frb.org/research-and-data/publications/working-papers/2007/wp07-20.pdf. 
 
Huyghe, P. 1994 UFO Update: The Rise, Fall and Afterlife of Erich von Däniken's Theory of 
Extraterrestrial Gods. Omni. May: 77.  
 

I 
 
Iliev, I. 2010. ―Role of Intellectual Property Rights in Technology Transfer.‖ Background paper 
for the Expert Group on Technology Transfer, United Nations Framework Convention on 
Climate Change (UNFCCC), November 15. 
 

J 
 
Jurmain, R., H. Nelson, L. Kilgore, W. Trevathan. 1998 Essentials of Physical Anthropology. 
Third Edition. West/Wadsworth, Belmont California.  
 

K 
 
Karachalios, K. 2010. ―The Challenge of Patent Governance in ICT Standards, Seen from a 
Patent Authority‘s Perspective.‖ East-West Center Working Papers, Economics Series No. 110, 
February. 
 
Karamchedu, R. 2009. ―Does China Have the Best Digital Television Standard on the Planet?‖ 
IEEE Spectrum (May). Available at 
http://spectrum.ieee.org/consumerelectronics/standards/does-china-have-the-best-digital-
television-standard-on-theplanet. 
 
Katz, M., and C. Shapiro. 1985. ―Network Externalities, Competition, and Compatibility.‖ 
American Economic Review 75 (3): 424–40. 
 
Katzenstein, P. J. 2005. A World of Regions. Ithaca, NY: Cornell University Press. 
 
Kennedy, Scott. 2006. ―The Political Economy of Standards Coalitions: Explaining China‘s 
Involvement in High-Tech Standards Wars.‖ Asia Policy No. 2 (July): 41–62. 
 
———. 2010. ―Indigenous Innovation: Not as Scary as It Sounds.‖ China Economic 
Quarterly (Sept.): 15–20. 
 
Kennedy, S., R. P. Suttmeier, and Jun Su. 2008. ―Standards, Stakeholders, and Innovation: 
China‘s Evolving Role in the Global Knowledge Economy.‖ NBR Special Report 15, September. 
Seattle: National Bureau of Asian Research. 
 

http://www.phil.frb.org/research-and-data/publications/working-papers/2007/wp07-20.pdf
http://spectrum.ieee.org/consumerelectronics/standards/does-china-have-the-best-digital-television-standard-on-theplanet
http://spectrum.ieee.org/consumerelectronics/standards/does-china-have-the-best-digital-television-standard-on-theplanet


20-20 Hindsight 
 

 549 

Kindleberger, C. P. 1983. ―Standards as Public, Collective, and Private Goods.‖ Kyklos 36 (3): 
377–96. 
 
Kogut, B., and U. Zander. 1993. ―Knowledge of the Firms and the Evolutionary Theory of the 
Multinational Corporation.‖ Journal of International Business Studies 24 (4): 625–46. 
Kroeber, A. 2007. ―China‘s Push to Innovate in Information Technology.‖ In Innovation with 
Chinese Characteristics: High-Tech Research in China, ed. L. Jakobson. London: Palgrave 
MacMillan. 
 

L 
 
Leiponen, A. 2001. ―National Styles in the Setting of Global Standards: The Relationship 
Between Firms‘ Standardization Strategies and National Origin.‖ In How Revolutionary Was the 
Revolution? National Responses, Market Transitions, and GlobalTechnology in the Digital Era, 
eds. A. Newman and J. Zysman. Palo Alto, CA: Stanford University Press. 
 
Lemley, M. 2002. ―Intellectual Property Rights and Standard-Setting Organizations.‖ California 
Law Review 90:1889–1981. 
 
Lemley, M. A. 2007. ―Ten Things to Do About Patent Hold-up of Standards (and One Not to).‖ 
Boston College Law Review 48:149–68. 
 
Lemley, M. A., and C. Shapiro. 2007. ―Patent Holdup and Royalty Stacking.‖ Texas Law Review 
85:1991–2041. 
 
Lester, R. K., and M. J. Piore. 2004. Innovation: The Missing Dimension. Cambridge, MA: 
Harvard University Press. 
 
Li, Xuan, and An Baisheng. 2009. ―IPR Misuse: The Core Issue in Standards and Patents.‖ 
South Centre Research Papers No. 21, Geneva, June. 
 
Libicki, M. C. 1995. ―Standards: The Rough Road to the Common Byte.‖ In Standards Policy for 
Information Infrastructure, eds. B. Kahin and J. Abbate. Cambridge, MA: MIT Press. 
 
Libicki, M. et al. 2000. ―Scaffolding the Web: Standards and Standards Policy for the Digital 
Economy.‖ Science and Technology Policy Institute, RAND, Santa Monica, CA. 
 
Lieberthal, K. 2007. ―How Domestic Forces Shape the PRC‘s Grand Strategy and International 
Impact.‖ In Strategic Asia 2007–2008: Domestic Political Change and Grand Strategy, eds. A. J. 
Tellis and M. Wills. Seattle and Washington, DC: National Bureau of Asian Research. 
 
Liu, Xielin. 2007. ―Path-following or Leapfrogging in Catching-Up: The Case of Chinese 
Telecommunications Equipment Industry.‖ CIRCLE University of Lund e- Working paper No. 
2007/01. Available at http://www.circle.lu.se/publications. 
 

M 
Mansfield, V. 1981 Mandalas and Mesoamerican Pecked Circles. Current Anthropology. 22: 
269-284.  
 

Marukawa, T. 2010. ―Chinese Innovations in Mobile Telecommunications: Third Generation 
versus ‗Guerrilla Handsets‘.‖ Paper presented at the Conference on Chinese Approaches to 
National Innovation, UC San Diego, June 28–29. 
 
Matechak, J., and B. Gerson. 2010. ―Government Procurement: Can China‘s Government 
Procurement Market Be Cracked?‖ China Business Review Online (May-June). 

http://www.circle.lu.se/publications


20-20 Hindsight 
 

 550 

 
Mattli, W., and T. Buethe. 2003. ―Setting International Standards: Technological Rationality or 
Primacy of Power?‖ World Politics 56 (Oct.): 1–42. 
 
McGregor, J. 2010. ―China‘s Drive for ‗Indigenous Innovation‘: A Web of Industrial Policies.‖ 
Report commissioned by the U.S. Chamber of Commerce. Available at 
https://www.uschamber.com/reports/chinas-drive-indigenous-innovation-web-industrial-policies. 
 
McIntyre, John R. ed. 1997. Japan‘s Technical Standards: Implications for Global Trade 
and Competitiveness. Westport, CT: Quorum. National Institute of Standards and Technology. 
2010. ―Framework and Roadmap for Smart Grid Interoperability Standards, Release 1.0, Office 
of the National Coordination of Indigenous Designator for Smart Grid Interoperability.‖ NIST 
Special Publication 1108. Washington, DC: US Department of Commerce, January. 

 

Mundkur, B. 1976 The Cult of the Serpent in Mesoamerica: Its Asian Background. Current 
Anthropology. 17: 429-455.  
 

--------. 1978 The Alleged Diffusion of Hindu Divine Symbols into Pre-Columbian Mesoamerica: 
a Critique. Current Anthropology. 19: 541-583.  
 

N 
 
Nelson, R. R. and S. Ostry. 1995. Techno-Nationalism and Techno-Globalism: Conflict and 
Cooperation. Washington, DC: Brookings Institution. 
 
Nelson, R. R., and S. G. Winter. 1982. An Evolutionary Theory of Economic Change. 
Cambridge, MA: Belknap Press. 
 

O 
 
Odagiri, H., A. Goto, A. Sunami, and R. R. Nelson, eds. 2010. Intellectual Property Rights, 
Development, and Catch-Up. London: Oxford University Press. 

 

Office of the Director of National Intelligence. 2008. Global Trends 2025: A Transformed World. 
Washington, DC: National Intelligence Council, November. Available at 
http://www.dni.gov/nic/PDF_2025/2025_Global_Trends_Final_Report.pdf. 
 
OECD. 2008. OECD Reviews of Innovation Policy: China. Paris: OECD. 
 
Ostrom, E. 1990. Governing the Commons: The Evolution of Institutions for Collective Action. 
Cambridge: Cambridge University Press. 
 
Orser, C. 2001 The Father of Atlantis, Ignatius Donnelly, Created the Modern Myth and Molded 
Pseudo-Archaeology. Archaeology Today. n.pag  
http://www.archaeologytoday.net/1100toc/011701-atlantis.shtml. 
 

P 
 
Pavitt, K. 1984. ―Sectoral Pattern of Technical Change: Towards a Taxonomy and a Theory.‖ 
Research Policy 13 (6): 343–73. 
 
Penrose, Edith. 1959/1995. Foreword to the 3d edition. The Theory of the Growth of the Firm. 
Oxford University Press. 

https://www.uschamber.com/reports/chinas-drive-indigenous-innovation-web-industrial-policies
http://www.dni.gov/nic/PDF_2025/2025_Global_Trends_Final_Report.pdf
http://www.archaeologytoday.net/1100toc/011701-atlantis.shtml


20-20 Hindsight 
 

 551 

 

R 
 
Rohlfs, J. H. 2001. Bandwagon Effects in High-Tech Industries. Cambridge, MA: MIT Press. 
Russell, A. L. 2005. ―The American System: A Schumpeterian History of Standardization. Part I.‖ 
Progress on Point, Release 12, The Progress Freedom Foundation, Washington, D.C., 
September 18. 
 

S 
 
SAC. 2004. ―Study on the Construction of National Technology Standards System.‖ Standards 
Administration of China, Beijing, September. 
 
Schumpeter, J. A. 1950. Capitalism, Socialism, and Democracy, 3d ed. New York: Harper & 
Brothers. 
 
Schwaag Serger, S., and M. Breidne. 2007. ―China‘s Fifteen-year Plan for Science and 
Technology: An Assessment.‖ Asia Policy 4 (July): 135–64. 
 
Shanghai Municipal Government. 2007. ―Outline of the Standardization Development Strategy 

of Shanghai (2007–2020),‖ April, 上海市标准化发展战略纲要(2007–2020). Available at 

http://www.shanghai.gov.cn/shanghai/node2314/node2319/node10800/node11408/node16796/
userobject26ai10444.html. 
 
Shenzhen Municipal Government. 2007.―Notice on the Implementation of Shenzhen 
Standardizations Strategy (2006–2010) from Shenzhen Municipal Government,‖ May 18, 

深圳市人民 政府关于印发深圳市标准化战略实施纲要(2006–2010)的通. Available at 

http://www.34law.com/lawfg/law/1797/3122/law_258909093846.shtml. 
 
Shen, Xiaobai. 2010. ―ICT Infrastructural Technology Innovation in China and the Role of the 
State.‖ Paper presented at the Conference on Chinese Approaches to National Innovation, UC 
San Diego, June 28–29. 
 
Sheremata, W. A. 2004. ―Competing Through Innovation in Network Markets: Strategies for 
Challengers.‖ Academy of Management Review 29 (3): 359–77. 
 
Shirk, S. 2007. China: Fragile Superpower. London: Oxford University Press. 
 
Siemens. 2004. ―White Paper on TD-SCDMA: The Solution for TDD Bands.‖ Available at 
http://www.tdscdma-forum.org/en/pdfword/200511817463050335.pdf. 
 
Smith, Adam. 1776. The Wealth of Nations. Book I, chap. III. Reprint, London: Penguin Books, 
1970. 

 

Soustelle, J. 1985. The Olmecs: The Oldest Civilization in Mexico. Translated by H. R. Lane. 
University of Oklahoma Press, Norman, Oklahoma.  
 

Spring, M. B. 2009. ―What Have We Learned About Standards and Standardization?‖ 
Unpublished manuscript, School of Information Sciences, University of Pittsburgh. 
 
Standards Administration of China. 2004. ―Study on the Construction of National Technology 
Standards System,‖ Beijing, September. 
 

http://www.shanghai.gov.cn/shanghai/node2314/node2319/node10800/node11408/node16796/userobject26ai10444.html
http://www.shanghai.gov.cn/shanghai/node2314/node2319/node10800/node11408/node16796/userobject26ai10444.html
http://www.34law.com/lawfg/law/1797/3122/law_258909093846.shtml
http://www.tdscdma-forum.org/en/pdfword/200511817463050335.pdf


20-20 Hindsight 
 

 552 

Stango, V. 2004. ―The Economics of Standards Wars.‖ Review of Network Economics 3:1–19. 
 
Steinfield, C. W., et al. 2007. ―Promoting E-Business Through Vertical IS Standards: Lessons 
from the U.S. Home Mortgage Industry.‖ In Standards and Public Policy, eds. S. Greenstein and 
V. Stango. Cambridge: Cambridge University Press. 
Stevenson-Yang, A., and K. DeWoskin. 2005. ―China Destroys the IP Paradigm.‖ Far Eastern 
Economic Review 168 (3): 9–18. 
 
Stewart, J. 2009. ―Final Report on Standards Dynamics in Domain of Mobile Telephony: 
Mobile Broadband from 3G to 4G, China EU Information Technology Standards Research 
Partnership.‖ Available at http://www.china-eu-standards.org/index.htm. 
 
Suttmeier, R. P., Xiangkui Yao, and A. Z. Tan. 2006. ―Standards of Power? Technology, 
Institutions, and Politics in the Development of China‘s National Standards Strategy.‖ NBR 
Special Report 10, June. Washington, DC: National Bureau of Asian Research. 
 

T 
 
Tapia, C. G. 2009. ―Intellectual Property Rights, Technical Standards, and Licensing Practices 
(FRAND) in the Telecommunications Industry.‖ Ph.D. diss., Max Planck Institute for Intellectual 
Property, Competition, and Tax Law, Munich and Universität Augsburg. 
 
Tapia, C. G., and D. Ernst. Forthcoming. ―Intellectual Property Rights and Standards: 
Challenges for Chinese Exporters.‖ East-West Center, Honolulu. Tassey, G. 2000. 
―Standardization in Technology-based Markets.‖ Research Policy 29:587. 
 
Tay, S. C. 2010. Asia Alone: The Dangerous Post-Crisis Divide from America. Singapore: John 
Wiley & Sons (Asia). 

 

Tompkins, P. 1976 Mysteries of the Mexican Pyramids. Harper & Row, New York. 
 

U 
 
U.S. International Trade Commission. 2010. Hearing on China: Intellectual Property 
Infringement, Indigenous Innovation Policies and Frameworks for Measuring the Effects on the 
U.S. Economy (Investigations No. 332-514 and 332-519), June 15, 2010. 
 
———. 2010. ―China: Intellectual Property Infringement, Indigenous Innovation Policies and 
Framework for Measuring the Effects on the US Economy.‖ Investigation No. 332-514, USITC 
Publication 4199. Washington, DC, November. 
 
U.S.–China Business Council. 2010. ―Comments on the April 2010 Draft Notice on the Launch of 
the National Indigenous Innovation Product Accreditation Work.‖ May 10. 
 
USITO. 2009. ―Written Comments to the U.S. Government Interagency Trade Policy Staff 
Committee regarding China‘s Compliance with its Accession Commitments to the World Trade 
Organization (WTO).‖ Available at http://www.tiaonline.org/gov_affairs/fcc_filings/documents/P-
USITO_Submission_on_China_WTO_Compliance_2009.pdf. 
 
———. 2010. ―Comment on the ‗Implementation Rules of PRC Government Procurement 
Law.‖ U.S. Information Technology Office, Beijing. 
 
U.S. Office of Budget Management. 1998. OMB Circular A-119. Available at 
http://www.whitehouse.gov/omb/circulars_a119. 
 

http://www.china-eu-standards.org/index.htm
http://www.tiaonline.org/gov_affairs/fcc_filings/documents/P-USITO_Submission_on_China_WTO_Compliance_2009.pdf
http://www.tiaonline.org/gov_affairs/fcc_filings/documents/P-USITO_Submission_on_China_WTO_Compliance_2009.pdf
http://www.whitehouse.gov/omb/circulars_a119


20-20 Hindsight 
 

 553 

W 
 

Wang, Lei, and Ni Dai. 2008. ―从智能天线入手的TD-SCDMA专利评估 [TDSCDMA Patent 

Evaluation by studying on the Smart Antenna Patent].‖ Mobile Communications 32 (17). 
 

———. 2009. ―TD-SCDMA与LTE的专利问题分析 [On patents of TD-SCDMA and LTE].‖ 

Communications World Weekly 12:24–25. 
 
Wang, Ping. 2010. ―An Overview on Standardization in China.‖ Available at http:// 
www.talkstandards.com/. 
 
Wang, Ping, Yiyi Wang, and John Hill. 2010. ―Standardization Strategy of China: Achievements 
and Challenges.‖ East-West Center Working Paper, Economics Series No. 107, January. 
 
Wessner, C. W., ed. 2008. An Assessment of the SBIR Program, Committee on Capitalizing on 
Science, Technology, and Innovation: An Assessment of the Small Business Innovation 
Research Program, National Research Council, Washington, D.C. 
 
Whalley, J., Weimin Zhou, and Xiaopeng An. 2009. ―Chinese Experience with Global 3G 
Standard-Setting.‖ CES-IFO Working Paper 2537, Center for Economic Studies of Indigenous 

Inovation, Munich. Available at http://www.cesifo-group.de/portal/page/portal/ifoHome/b-
publ/b3publwp/_wp_by_number?p_number=2537. 
 
Wolff, A.W. 2010. ―The Direction of China‘s Trade and Industrial Policies.‖ Testimony before the 
House Ways and Means Committee, U.S. House of Representatives, Washington, DC, June 16. 
 
Woolcock, M. 1998. ―Social Capital and Economic Development: Toward a Theoretical 
Synthesis and Policy Framework.‖ Theory and Society 27 (2): 151–207. World Economic Forum, 
―The Global Competitiveness Report 2010-2011‖ (2010). 
 
Wu, Xiaobo, Dou Wei, and Wu Dong. 2010. ―Indigenous Platform Technology and 
Inclusiveness: Case Study on TD-SCDMA and Shanzhai Systems in China.‖ Paper presented at 
the Conference on Chinese Approaches to National Innovation, UC San Diego, June 28–29. 
 

Y 
 
Yu, P. K. 2009. ―The Global Intellectual Property Order and Its Undetermined Future.‖ The 
WIPO Journal 1:1–15. 
 

Z 
 
Zhan, Ailan, and Zixiang Tan. 2010. ―Standardization and Innovation in China: TDSCDMA 
Standard as a Case.‖ International Journal of Technology Management 51 (2/3/4): 453–67. 
 
Ziegler, K. 2009a. ―Update on Infosec (Information Security System).‖ SESEC-2 First Quarterly 
Report, September 30. 
 
———. 2009b. ―Chinese Standardization System Update.‖ Presentation at China- EU Internet 
platform workshop, Brussels, October 16. Available at 
http://www.sustainableda.org/media/docs/platform_launch/2ChinaEU%20Standards%20Cooper
ation%20-%20Chinese%20perspective%20presented%20by%20Mr%20Klaus%20Ziegler.pdf. 
 
Ziegler, K. 2010. Foreword to Talk Standards Online Forum ―Standards policy in China,‖June 
24, 1. 

http://www.talkstandards.com/
http://www.cesifo-group.de/portal/page/portal/ifoHome/b-publ/b3publwp/_wp_by_number?p_number=2537
http://www.cesifo-group.de/portal/page/portal/ifoHome/b-publ/b3publwp/_wp_by_number?p_number=2537
http://www.sustainableda.org/media/docs/platform_launch/2ChinaEU%20Standards%20Cooperation%20-%20Chinese%20perspective%20presented%20by%20Mr%20Klaus%20Ziegler.pdf
http://www.sustainableda.org/media/docs/platform_launch/2ChinaEU%20Standards%20Cooperation%20-%20Chinese%20perspective%20presented%20by%20Mr%20Klaus%20Ziegler.pdf


20-20 Hindsight 
 

 554 

Other Suggested Reading 

Stephen J. Ezell and Robert D. Atkinson, ―The Good, the Bad, and the Ugly (and the Self 
Destructive) of Innovation Policy‖ ( Washington: Information Technology and Innovation 
Foundation, 2010), available at http://www.itif.org/files/2010-good-bad-ugly.pdf 
 
Nathan Rosenburg, ―Innovation and Economic Growth‖ (OECD, 2004), available at 
http://www.oecd.org/dataoecd/55/49/34267902.pdf 
 
Robert D. Atkinsin, ―Role the U.S. Government Can Play in Restoring U.S. Innovation 
Leadership‖ (Washington: Information Technology and Innovation Foundation, 2010), available 
at http://www.itif.org/files/2010-restoring-innovation-leadership-testimony.pdf 
 
Jonathan D. Moreno and Sean Pool, ―Shape Shifting: The Changing Distinctions between 
Science and Technology, and Invention and Innovation,‖ (Washington: Science Progress, 
2010), available at http://www.scienceprogress.org/2010/10/shape-shifting/ 
 
Jitinder Kohli, John Podesta, and Sarah Rosen Wartell, ―A Focus on Competitiveness‖ 
(Washington: Center for American Progress, 2010). 
 
The Economist Intelligence Unit, ―Unlock Innovation in China‖ (2009), available at 
http://www.finfacts.ie/biz10/EIU-Innovation_China-Cisco.pdf 
 
―R&D Giant Ascendant,‖ R&D Magazine, December, 2009, p.48-49. 
 
―China ranks fourth in R&D spending,‖ UPI, December 2, 2010, available at 
http://www.upi.com/Science_News/2010/12/02/Chinaranks-fourth-in-RD-spending/UPI-
89181291310006/ 
 
Jim Walker, ―Green Planet—State of the World, Chapter 5: ―CHINA: Malinvestment Nightmare‖ 
(Hong Kong: Asianomics Inc., 2010). 
 
Elizabeth C. Economy, The River Runs Black: The Environmental Challenge to China‘s Future 
(New York: Cornell University Press, 2004). 
 
World Economic Forum, ―The Global Competitiveness Report 2010-2011‖ ( 2011), available at 
http://www.weforum.org/reports 
 
―China GDP Growth Rate,‖ available at http://www.tradingeconomics.com/Economics/GDP-
Growth.aspx?Symbol=CNY 
 
Syetarn Hansakul, ―Domestic market for economic bliss,‖ ChinaDaily, October 8, 2010, available 
at http://www.chinadaily.com.cn/opinion/2010-10/08/content_11382943.htm 
 
GfK Group, ―Major Domestic Appliances Back in Worldwide Demand,‖Press release, September 
3, 2010, available at 
http://www.gfk.com/group/press_information/press_releases/006446/index.en.html 
 
Hansakul, ―Domestic market for economic bliss.‖; ―Mainland China‘s passenger aircraft fleet will 
triple in the coming 20 years,‖ GuanYi; Aero News, October 30, 2009, available at 
http://guanyiaero.com/web_reader.asp?nidn_rh393_34_54_dfd_46=10 
 
―Pioneering developments on China‘s high-speed railways,‖Asia Infrastructure, December 10, 
2010, available at http://www.asianinfrastructure.com/article/Pioneering-developments-on-
Chinas-high-speed-railways/# 
 

http://www.itif.org/files/2010-good-bad-ugly.pdf
http://www.oecd.org/dataoecd/55/49/34267902.pdf
http://www.itif.org/files/2010-restoring-innovation-leadership-testimony.pdf
http://www.scienceprogress.org/2010/10/shape-shifting/
http://www.finfacts.ie/biz10/EIU-Innovation_China-Cisco.pdf
http://www.upi.com/Science_News/2010/12/02/Chinaranks-fourth-in-RD-spending/UPI-89181291310006/
http://www.upi.com/Science_News/2010/12/02/Chinaranks-fourth-in-RD-spending/UPI-89181291310006/
http://www.weforum.org/reports
http://www.tradingeconomics.com/Economics/GDP-Growth.aspx?Symbol=CNY
http://www.tradingeconomics.com/Economics/GDP-Growth.aspx?Symbol=CNY
http://www.chinadaily.com.cn/opinion/2010-10/08/content_11382943.htm
http://www.gfk.com/group/press_information/press_releases/006446/index.en.html
http://guanyiaero.com/web_reader.asp?nidn_rh393_34_54_dfd_46=10
http://www.asianinfrastructure.com/article/Pioneering-developments-on-Chinas-high-speed-railways/
http://www.asianinfrastructure.com/article/Pioneering-developments-on-Chinas-high-speed-railways/


20-20 Hindsight 
 

 555 

―Technology Transfer from GE to China will Directly Compete Against the Boeing/Airbus 
Duopoly,‖ Global Economic Analysis, December 29 2010, available at 
http://www.24hgold.com/english/news-goldsilver-technology-transfer-from-ge-to-china-will  
directly-competeagainst-
theboeingairbusduopoly.aspx?article=3272960380G10020&redirect=false&contributor=Mish 
 
 
Martin Neal Baily, ―Adjusting to China: A Challenge to the U.S. ManufacturingSector‖ 
(Washington: Brookings, 2011). 
 
Joseph F. Coughlin, ―China‘s Gray Revolution: Why China May Inventthe New Business of 
Aging,‖ Disruptive Demographs: Global Aging,Technology, and Innovation Blog, February 21, 
2010, available at 
http://www.disruptivedemographics.com/2010/02/chinas-grayrevolution-why-chinamay_21.html 
 
Tianjin Economic-Technological Development Area, ―China‘s 1st Foreign-funded Consumer 
Finance Company Opens in TBNA,‖ News release, December 16, 2010, available at 
http://en.investteda.org/informationcenter/news/t20101216_68332.htm 
 
Laura MacInnis, ―While world slashed R&D in crisis, China innovated,‖Reuters, September 15, 
2010, available at http://www.reuters.com/article/idUSTRE68E1RM20100915 
 

MacInnis, ―While world slashed R&D in crisis, China innovated.‖ 
 
David Zweig, Chen Changgui, and Stanley Rosen, ―Globalization andTransnational Human 
Capital: Overseas and Returnee Scholars toChina,‖ The China Quarterly (179) (2004): pp 735 
757; ―China Absorbs Overseas Talent,‖ Confucius Institute Online, November 18, 2009,available 
at http://college.chinese.cn/en/article/2009-11/18/content_85186_4.htm 
 
Melinda Liu, ―Steal This Scientist,‖ Newsweek, November 14, 2009,available at 
http://www.newsweek.com/2009/11/13/steal-thisscientist.html# 
 
Xu Zhiguo, ―China on the look out for foreign scientists,‖ SciDev.Net,January 20, 2009, available 
at http://www.scidev.net/en/news/china-on-the-look-out-for-foreign-scientists.html 
 
 ―China Drawing High-tech Research from U.S.,‖ The New York Times, March 17, 2010, 
available at http://www.nytimes.com/2010/03/18/business/global/18research.html 
 
Honey Garcia, ―U.S. readies share in $150 million clean energy project with China,‖ 
EcoSeed.org, April 1, 2010, available at http://www.ecoseed.org/en/politics/funding-
aincentives/article/35-fundingincentives/6763-u-s-readies-share-in-$-150-million-
cleanenergyproject-with-china 
 
 ―Third Grant Announced for U.S.-China Clean Energy Research Center,‖ October 07, 2010, 
available at 
http://www.america.gov/st/energyenglish/2010/October/20101007134758tegdirb0.5067407.html 
 
 ―The Rising Power of the Chinese Worker,‖ The Economist, July 29, 2010, available at 
http://www.economist.com/node/16693333 
 
―China‘s ‗Technology Transfer‘ Draws Ire,‖ NPR.org, November 22,2010, available at 
http://www.npr.org/2010/11/22/131520776/china-s-technology-transfer-draws-ire 
 
 ―China to give more support to innovation of enterprises,‖ GOV.cn, February 9, 2006, available 
at http://www.gov.cn/english/2006-02/09/content_184426.htm 
 

http://www.24hgold.com/english/news-goldsilver-technology-transfer-from-ge-to-china-will%20%20directly-competeagainst-theboeingairbusduopoly.aspx?article=3272960380G10020&redirect=false&contributor=Mish
http://www.24hgold.com/english/news-goldsilver-technology-transfer-from-ge-to-china-will%20%20directly-competeagainst-theboeingairbusduopoly.aspx?article=3272960380G10020&redirect=false&contributor=Mish
http://www.24hgold.com/english/news-goldsilver-technology-transfer-from-ge-to-china-will%20%20directly-competeagainst-theboeingairbusduopoly.aspx?article=3272960380G10020&redirect=false&contributor=Mish
http://www.disruptivedemographics.com/2010/02/chinas-grayrevolution-why-chinamay_21.html
http://en.investteda.org/informationcenter/news/t20101216_68332.htm
http://www.reuters.com/article/idUSTRE68E1RM20100915
http://college.chinese.cn/en/article/2009-11/18/content_85186_4.htm
http://www.newsweek.com/2009/11/13/steal-thisscientist.html
http://www.scidev.net/en/news/china-on-the-look-out-for-foreign-scientists.html
http://www.nytimes.com/2010/03/18/business/global/18research.html
http://www.ecoseed.org/en/politics/funding-aincentives/article/35-fundingincentives/6763-u-s-readies-share-in-$-150-million-cleanenergyproject-with-china
http://www.ecoseed.org/en/politics/funding-aincentives/article/35-fundingincentives/6763-u-s-readies-share-in-$-150-million-cleanenergyproject-with-china
http://www.ecoseed.org/en/politics/funding-aincentives/article/35-fundingincentives/6763-u-s-readies-share-in-$-150-million-cleanenergyproject-with-china
http://www.america.gov/st/energyenglish/2010/October/20101007134758tegdirb0.5067407.html
http://www.economist.com/node/16693333
http://www.npr.org/2010/11/22/131520776/china-s-technology-transfer-draws-ire
http://www.gov.cn/english/2006-02/09/content_184426.htm


20-20 Hindsight 
 

 556 

 
 ―Top Chinese leaders meet to decide blueprint for next 5 years,‖ CNN.com, October 15, 2010, 
available at http://articles.cnn.com/2010-10-15/world/china.leadership.meeting_1_liu-xiaobotop-
chineseleaders-hu-jintao?_s=PM:WORLD 
 
Sophie L. Rovner, ―China Ascendant,‖ Chemical & EngineeringNews 88 (2) (2010): p. 35-57, 
available http://pubs.acs.org/cen/science/88/8802sci1.html 
 
Liz Gooch, ―Researchers in Asian Countries Raise Their Scientific Profiles Worldwide,‖ The New 
York Times, September 12, 2010, available at 
http://www.nytimes.com/2010/09/13/world/asia/13ihteducSide13.html?_r=1 
 
National Science Board, ―Science and Engineering Indicators: 2010‖ (2010). 
 
Evan Osnos, ―Science Superpowers,‖ The New Yorker, January 5, 2010, 
available at http://www.newyorker.com/online/blogs/evanosnos/2010/01/china-science.html 
 
Jeanne F. Loring, ―Up Next: Outsourcing for Sequencing,‖ ScienceProgress, February 9, 2010, 
available at http://www.scienceprogress.org/2010/02/china-gene-sequencing/ 
 
Andrew Nusca, ―China unveils world‘s fastest bullet train: 262 mph,‖ SmartPlanet, October 28, 
2010, available at http://www.smartplanet.com/business/blog/smart-takes/china-unveils-
worldsfastest-bullettrain-262-mph/11990/ 
 
―China Wrests Supercomputer Title from U.S.,‖ The New YorkTimes, available at 
http://www.nytimes.com/2010/10/28/technology/28compute.html 
 
World Economic Forum, ―The Global Competitiveness Report 2010-2011‖; ―Internet users as 
percentage of population,‖ available at 
http://www.google.com/publicdata?ds=wbwdi&ctype=l&strail=false&nselm=h&met_y=it_net_use
r_p2&scale_y=lin&ind_y=false&rdim=country&idim=country:CHN&tstart=725846400000&tunitY
&tlen=15&hl=en&dl=en 
 
World Economic Forum, ―The Global Competitiveness Report 2010-2011.‖ 
 
―World Bank Science and Technology Data Page,‖ available at 
http://data.worldbank.org/topic/science-and-technology 
 
Li & Fung Research Centre, ―Overview of the Industrial Clusters in China‖ (2006). 
 
Kate Gordon, JT McLain, and Julian L. Wong, ―Out of the Running? How Germany, Spain and 
China Are Seizing the Energy Opportunity and Why the United States Risks Getting Left Behind‖ 
(Center for American Progress, 2010). 
 
Ezell and Atkinson, ―The Good, the Bad and the Ugly (and the Self-Destructive) of Innovation 
Policy.‖ 
 
Jamil Anderlini, ―China: a future on track,‖ Financial Times, September 23, 2010, available at 
http://www.ft.com/cms/s/0/2b843e4c-c745-11df-aeb1-00144feab49a.html#axzz18sHPSMGc 
 
Owen E. Herrnstadt, Testimony before the U.S.-China Economic and Security Review 
Commission, ―China‘s Emergent Military Aerospace and Commercial Aviation Capabilities,‖ May 
20, 2010, available at 
http://www.uscc.gov/hearings/2010hearings/written_testimonies/10_05_20_wrt/10_05_20_herst
adt_statement.php 
 

http://articles.cnn.com/2010-10-15/world/china.leadership.meeting_1_liu-xiaobotop-chineseleaders-hu-jintao?_s=PM:WORLD
http://articles.cnn.com/2010-10-15/world/china.leadership.meeting_1_liu-xiaobotop-chineseleaders-hu-jintao?_s=PM:WORLD
http://pubs.acs.org/cen/science/88/8802sci1.html
http://www.nytimes.com/2010/09/13/world/asia/13ihteducSide13.html?_r=1
http://www.newyorker.com/online/blogs/evanosnos/2010/01/china-science.html
http://www.scienceprogress.org/2010/02/china-gene-sequencing/
http://www.smartplanet.com/business/blog/smart-takes/china-unveils-worldsfastest-bullettrain-262-mph/11990/
http://www.smartplanet.com/business/blog/smart-takes/china-unveils-worldsfastest-bullettrain-262-mph/11990/
http://www.nytimes.com/2010/10/28/technology/28compute.html
http://www.google.com/publicdata?ds=wbwdi&ctype=l&strail=false&nselm=h&met_y=it_net_user_p2&scale_y=lin&ind_y=false&rdim=country&idim=country:CHN&tstart=725846400000&tunitY&tlen=15&hl=en&dl=en
http://www.google.com/publicdata?ds=wbwdi&ctype=l&strail=false&nselm=h&met_y=it_net_user_p2&scale_y=lin&ind_y=false&rdim=country&idim=country:CHN&tstart=725846400000&tunitY&tlen=15&hl=en&dl=en
http://www.google.com/publicdata?ds=wbwdi&ctype=l&strail=false&nselm=h&met_y=it_net_user_p2&scale_y=lin&ind_y=false&rdim=country&idim=country:CHN&tstart=725846400000&tunitY&tlen=15&hl=en&dl=en
http://data.worldbank.org/topic/science-and-technology
http://www.ft.com/cms/s/0/2b843e4c-c745-11df-aeb1-00144feab49a.html#axzz18sHPSMGc
http://www.uscc.gov/hearings/2010hearings/written_testimonies/10_05_20_wrt/10_05_20_herstadt_statement.php
http://www.uscc.gov/hearings/2010hearings/written_testimonies/10_05_20_wrt/10_05_20_herstadt_statement.php


20-20 Hindsight 
 

 557 

 
Cheng Li, ―China‘s Telecom Industry on the Move: Domestic Competition,Global Ambition and  
Leadership Transition,‖ China Leadership Monitor (19) (2006), available at 
http://web.rollins.edu/~tlairson/china/chitelecom.pdf 
 
Li, ―China‘s Telecom Industry on the Move: Domestic Competition,Global Ambition, and 
Leadership Transition.‖ 
 
48 ―Air China Awarded ‗Most Globally Competitive‘ Chinese Company,‖ Business Wire, 2007, 
available at 
http://www.thefreelibrary.com/Air+China+Awarded+%22Most+Globally+Competitive%22+Chins
e+Company.-a0166982753 
 
 ―Why Lenovo LePhone can be a hit in China?‖ Androidos.ns, May 11, 2010, also available at 
http://androidos.in/2010/05/why-lenovolephone-can-be-a-hit-in-china/ 
 
Organisation for Economic Co-operation and Development, ―OECD Reviews of Innovation 
Policy: China‖ (2008). 51 World Economic Forum, ―The Global Competitiveness Report 2010 
2011.‖ 
 
Cheng Li, China‘s Changing Political Landscape: Prospects for Democracy (Washington: 
Brookings Institution Press, 2008). 
 
Goldman Sachs Global Economic Group, ―BRICs and Beyond‖ (2007). 
 
Jonathan D. Moreno, ―Chinese Science Rising?‖ Science Progress, January 11, 2010, available 
at http://www.scienceprogress.org/2010/01/chinese-science-rising/ 
 
Paul Mooney, ―Access to the Facts,‖ South China Morning Post, January 31, 2010, available at 
http://www.xys.org/forum/db/6/75/235.html 
 
Paul Mooney, ―The Lie Detector,‖ South China Morning Post, January 31, 2010, available at 
http://fangzhouzi-xys.blogspot.com/2010/01/south-china-morning-post-lie-detector.html 
 
Chinese language blog available at http://www.xys.org/ 
 
 ―Publish or Perish,‖ Nature 467 (7313) (2010): 252; David Cyranoski, ―Strong medicine for 
China‘s journals,‖ Nature 467 (2010): 261. 
 
English translation of Fang Zhouzi, ―China‘s Scientific and Academic Integrity Watch,‖ available 
at http://fangzhouzi-xys.blogspot.com/2010_01_01_archive.html 
 
World Economic Forum, ―The Global Competitiveness Report 2010-2011.‖ 
 
Zhouzi, ―China‘s Scientific and Academic Integrity Watch.‖ 
 
 ―Top Chinese Official doubts country‘s economic data,‖ International Business Times, 
December 6, 2010, available at http://www.ibtimes.com/articles/89164/20101206/li-
keqiangwikileaks.htm 
 
Sean Pool, ―How to Power the Energy Innovation Lifecycle‖ (Washington:Center for American 
Progress, 2010). 
 
David Barboza, ―As China‘s Wages Rise, Export Prices Could Follow,‖ The New York Times, 
June 7, 2010, available at 
http://www.nytimes.com/2010/06/08/business/global/08wages.html?_r=1&ref=business 

http://web.rollins.edu/~tlairson/china/chitelecom.pdf
http://www.thefreelibrary.com/Air+China+Awarded+%22Most+Globally+Competitive%22+Chinse+Company.-a0166982753
http://www.thefreelibrary.com/Air+China+Awarded+%22Most+Globally+Competitive%22+Chinse+Company.-a0166982753
http://androidos.in/2010/05/why-lenovolephone-can-be-a-hit-in-china/
http://www.scienceprogress.org/2010/01/chinese-science-rising/
http://www.xys.org/forum/db/6/75/235.html
http://fangzhouzi-xys.blogspot.com/2010/01/south-china-morning-post-lie-detector.html
http://www.xys.org/
http://fangzhouzi-xys.blogspot.com/2010_01_01_archive.html
http://www.ibtimes.com/articles/89164/20101206/li-keqiangwikileaks.htm
http://www.ibtimes.com/articles/89164/20101206/li-keqiangwikileaks.htm
http://www.nytimes.com/2010/06/08/business/global/08wages.html?_r=1&ref=business


20-20 Hindsight 
 

 558 

 
 
Keith B. Richburg, ―Labor unrest in China reflects changingdemographics, more awareness of 
rights,‖ The Washington Post, available at 
http://www.washingtonpost.com/wpdyn/content/article/2010/06/06/AR2010060603295.html 
 
Lucy Hornby and James Pomfret, ―New Generation Shakes China Labor Landscape,‖ Reuters, 
June 1, 2010, available at 
http://www.reuters.com/article/idUSTRE6500Z420100601?pageNumber=1 
 
Hornby and Pomfret, ―New Generation Shakes China LaborLandscape.‖ 
 
Anne Paisley, ―Chinese Strikes Put Virtuous Circles in Motion‖(Washington: Center for American 
Progress, 2010). 
 
―Rising Production Costs on Mainland a Challenge,‖ available at 
http://www.hktdc.com/info/mi/a/tdcnews/en/1X06XRAH/1/HKTDCNews/Rising-Production-
Costs-on-Mainland-a-Challenge--br-for-Hong-Kong-Manufacturers-br--font-size--2---i-HKTDC-
Reports-Also-Find-Chinese-Production-Bases-Still-Rated-Highest-in-Asia--i---font-.htm 
 
Jim Walker, ―Green Planet—State of the World, Chapter 5: ―CHINA: Malinvestment Nightmare‖ 
(Hong Kong: Asianomics Inc., 2010). 
 
Chandi Rathod and Gus Lubin, ―And Now Presenting: Amazing Satellite Images of the Ghost 
Cities in China,‖ Business Insider, December 14, 2010, available at 
http://www.businessinsider.com/pictureschinese-ghost-cities-2010-12?slop=1#slideshow-start 
 
Vincent Fernando; ―There Are Now Enough Vacant Properties in China to House Over Half of 
America,‖ Business Insider, September 8, 2010, available at 
http://www.businessinsider.com/there-are-now-enough-vacantproperties-in-china-to-house-
over-half-of-america-2010-9 
 
Wu Chong, ―China to build 30 new science and technology parks,‖SciDev.net, April 19, 2006, 
available at http://www.scidev.net/en/news/china-to-build-30-new-science-and-technology-
parks.html 
 
 ―The Cost of China‘s Stimulus Plan? Its Railway Network,‖ China Briefing, available at 
http://www.china-briefing.com/news/2010/02/04/the-cost-of-china%E2%80%99s-stimulus-
planits-railway-network.html 
 
Johnathan Sallet, Ed Paisley, and Justin R. Masterman, ―The Geographyof Innovation: The 
Federal Government and the Growth of Regional Innovation Clusters,‖ Science Progress, 
September 1, 2009, 
available at http://www.scienceprogress.org/2009/09/the-geography-of-innovation/ 
 
 ―Albert Einstein: Science / Physics Quotations,‖ available at 
http://www.spaceandmotion.com/Albert-Einstein-Quotes.htm#Einstein.Quotes.Science 
 
Pool; ―How to Power the Energy Innovation Lifecycle.‖ 
 
Krisztina Z. Holly, ―Moving Ideas from University to Market Place,‖ Science Progress, November 
4, 2010, available at http://www.scienceprogress.org/2010/11/moving-ideas-from-lab-bench-
tomarket-place/ 
 
World Economic Forum, ―The Global Competitiveness Report 2010-2011.‖ 
 

http://www.washingtonpost.com/wpdyn/content/article/2010/06/06/AR2010060603295.html
http://www.reuters.com/article/idUSTRE6500Z420100601?pageNumber=1
http://www.hktdc.com/info/mi/a/tdcnews/en/1X06XRAH/1/HKTDCNews/Rising-Production-Costs-on-Mainland-a-Challenge--br-for-Hong-Kong-Manufacturers-br--font-size--2---i-HKTDC-Reports-Also-Find-Chinese-Production-Bases-Still-Rated-Highest-in-Asia--i---font-.htm
http://www.hktdc.com/info/mi/a/tdcnews/en/1X06XRAH/1/HKTDCNews/Rising-Production-Costs-on-Mainland-a-Challenge--br-for-Hong-Kong-Manufacturers-br--font-size--2---i-HKTDC-Reports-Also-Find-Chinese-Production-Bases-Still-Rated-Highest-in-Asia--i---font-.htm
http://www.hktdc.com/info/mi/a/tdcnews/en/1X06XRAH/1/HKTDCNews/Rising-Production-Costs-on-Mainland-a-Challenge--br-for-Hong-Kong-Manufacturers-br--font-size--2---i-HKTDC-Reports-Also-Find-Chinese-Production-Bases-Still-Rated-Highest-in-Asia--i---font-.htm
http://www.businessinsider.com/pictureschinese-ghost-cities-2010-12?slop=1#slideshow-start
http://www.businessinsider.com/there-are-now-enough-vacantproperties-in-china-to-house-over-half-of-america-2010-9
http://www.businessinsider.com/there-are-now-enough-vacantproperties-in-china-to-house-over-half-of-america-2010-9
http://www.scidev.net/en/news/china-to-build-30-new-science-and-technology-parks.html
http://www.scidev.net/en/news/china-to-build-30-new-science-and-technology-parks.html
http://www.china-briefing.com/news/2010/02/04/the-cost-of-china%E2%80%99s-stimulus-planits-railway-network.html
http://www.china-briefing.com/news/2010/02/04/the-cost-of-china%E2%80%99s-stimulus-planits-railway-network.html
http://www.scienceprogress.org/2009/09/the-geography-of-innovation/
http://www.spaceandmotion.com/Albert-Einstein-Quotes.htm#Einstein.Quotes.Science
http://www.scienceprogress.org/2010/11/moving-ideas-from-lab-bench-tomarket-place/
http://www.scienceprogress.org/2010/11/moving-ideas-from-lab-bench-tomarket-place/


20-20 Hindsight 
 

 559 

 ―Federal Support for R&D,‖ Science Progress, available at http://www.scienceprogress.org/wp-
content/uploads/2008/06/print_edition/federal_support_data.pdf 
 
Jennifer Washburn, ―Big Oil Goes to College‖ (Washington: Center for American Progress, 
2010). 
 
 ―China will become world‘s second highest investor in R&D by end of 2006, finds OECD,‖ 
OECD.org, April 12, 2006, available at 
http://www.oecd.org/document/26/0,2340,en_2649_201185_37770522_1_1_1_1,00.html 
 
Gordon, Wong, and McLain, ―Out of the Running?‖ 
 
Xiong Tong, ed., ―China Won‘t Follow Energy-intensive Development Model, Expert Says,‖ 
Xinhua News Agency, December 5, 2010, available at 
http://news.xinhuanet.com/english2010/indepth/2010-12/05/c_13635657.htm 
 
Winnie Zhu, ―Chinese CDM Fund to Have $1.5 Billion for Clean-Energy Projects by 2012,‖ 
Bloomberg, October 22,2010, available at http://www.bloomberg.com/news/2010-10-22/china-
cdm-fund-tohave-1-5-billion-for-clean-energy-projects-by-2012.html 
 
Zhu, ―Chinese CDM Fund to Have $1.5 Billion for Clean-EnergyProjects by 2012.‖ 
 
Gordon, Wong, McLain, ―Out of the Running?‖; Jeremy van Loon, ―China Surpassed U.S. as 
Biggest Investor in Renewable Energy,‖ Reed Landberg and Randall Hackley eds., Bloomberg 
Businessweek, March 17, 2010, available at http://www.businessweek.com/news/2010-03-
17/china-surpassed-u-s-as-biggest-investor-inrenewable-energy.html 
 
Isaac Wang, ―China Leads the World in Solar Cell Exports: Government Moves Ahead With 
Programs to Stimulate Domestic Solar Growth,‖ iSuppli Market Research, June 7, 2010, 
available at http://www.isuppli.com/China-Electronics-Supply-Chain/MarketWatch/Pages/China-
Leads-the-World-in-Solar-Cell-Exports.aspx 
 
 ―Chinese Solar Energy, PV Companies, Manufacturers, Distributors, Dealers, Installers,‖ 
available at http://www.solarbuzz.com/CompanyListings/China.htm 
 
Xina Xie and Michael Economides, ―China‘s Photovoltaic Industry: Exporting On the Cheap,‖ 
Energy Tribune, September 3, 2009, available at 
http://www.energytribune.com/articles.cfm?aid=2262 
 
Wang, ―China Leads the World in Solar Cell Exports.‖ 
 
Joe McDonald, ―China promises new support to solar development,‖Associated Press, Dec 2, 
2010, available at http://www.washingtontimes.com/news/2010/dec/2/china-promises-new-
support-tosolar-development/ 
 
Environmental Expert, ―Yingli Green Energy Awarded Significant Orders from the Golden Sun 
Program‖ Press release, December 2, 2010, available at http://www.environmental-
expert.com/resultEachPressRelease.aspx?codi=213723&lr=1&utm_source=feedburner&utm_m
edium=feed&utm_campaign=Feed:+environmentalexpert/news+%28Environmental+Expert+Lat
est+News+%26+Press+Releases%29 
 
―Renewable energy country attractiveness indices,‖ Ernst and Young Quarterly, (27) (2010), 
available at 
http://www.ey.com/Publication/vwLUAssets/Renewable_energy_country_attractiveness_indices
_-_Issue_27/$FILE/EY_RECAI_issue_27.pdf 
 

http://www.scienceprogress.org/wp-content/uploads/2008/06/print_edition/federal_support_data.pdf
http://www.scienceprogress.org/wp-content/uploads/2008/06/print_edition/federal_support_data.pdf
http://www.oecd.org/document/26/0,2340,en_2649_201185_37770522_1_1_1_1,00.html
http://news.xinhuanet.com/english2010/indepth/2010-12/05/c_13635657.htm
http://www.bloomberg.com/news/2010-10-22/china-cdm-fund-tohave-1-5-billion-for-clean-energy-projects-by-2012.html
http://www.bloomberg.com/news/2010-10-22/china-cdm-fund-tohave-1-5-billion-for-clean-energy-projects-by-2012.html
http://www.businessweek.com/news/2010-03-17/china-surpassed-u-s-as-biggest-investor-inrenewable-energy.html
http://www.businessweek.com/news/2010-03-17/china-surpassed-u-s-as-biggest-investor-inrenewable-energy.html
http://www.isuppli.com/China-Electronics-Supply-Chain/MarketWatch/Pages/China-Leads-the-World-in-Solar-Cell-Exports.aspx
http://www.isuppli.com/China-Electronics-Supply-Chain/MarketWatch/Pages/China-Leads-the-World-in-Solar-Cell-Exports.aspx
http://www.solarbuzz.com/CompanyListings/China.htm
http://www.energytribune.com/articles.cfm?aid=2262
http://www.washingtontimes.com/news/2010/dec/2/china-promises-new-support-tosolar-development/
http://www.washingtontimes.com/news/2010/dec/2/china-promises-new-support-tosolar-development/
http://www.environmental-expert.com/resultEachPressRelease.aspx?codi=213723&lr=1&utm_source=feedburner&utm_medium=feed&utm_campaign=Feed:+environmentalexpert/news+%28Environmental+Expert+Latest+News+%26+Press+Releases%29
http://www.environmental-expert.com/resultEachPressRelease.aspx?codi=213723&lr=1&utm_source=feedburner&utm_medium=feed&utm_campaign=Feed:+environmentalexpert/news+%28Environmental+Expert+Latest+News+%26+Press+Releases%29
http://www.environmental-expert.com/resultEachPressRelease.aspx?codi=213723&lr=1&utm_source=feedburner&utm_medium=feed&utm_campaign=Feed:+environmentalexpert/news+%28Environmental+Expert+Latest+News+%26+Press+Releases%29
http://www.environmental-expert.com/resultEachPressRelease.aspx?codi=213723&lr=1&utm_source=feedburner&utm_medium=feed&utm_campaign=Feed:+environmentalexpert/news+%28Environmental+Expert+Latest+News+%26+Press+Releases%29
http://www.ey.com/Publication/vwLUAssets/Renewable_energy_country_attractiveness_indices_-_Issue_27/$FILE/EY_RECAI_issue_27.pdf
http://www.ey.com/Publication/vwLUAssets/Renewable_energy_country_attractiveness_indices_-_Issue_27/$FILE/EY_RECAI_issue_27.pdf


20-20 Hindsight 
 

 560 

 
 
National Academy of Sciences, ―Renewable Energy could Contribute to U.S. Electricity Needs, 
Yet Challenges Remain,‖ Press release, June 15, 2009, available at 
http://www8.nationalacademies.org/onpinews/newsitem.aspx?RecordID=12619 
 
Gordon, Wong, and McLain, ―Out of the Running?‖ 
 
―Federal Support for R&D.‖ 
 
Krizstina ―Z‖ Holly, ―The Full Potential of University Research,‖ Science Progress, June 8, 2010, 
available at http://www.scienceprogress.org/2010/06/the-full-potential-of-university-research/ 
 
Fred Block and Matthew Keller, ―Where Do Innovations Come From?Transformations in the 
U.S. National Innovation System, 1970-2006,‖(Washington: Information Technology and 
Innovation Foundation, 2008), available at 
http://www.bengin.net/jbc/be_systeme/23%20Innovation/Externe/Where_do_innovations_come
_from.pdf 
 
Sallet, Paisley, and Masterman, ―The Geography of Innovation: The Federal Government and 
the Growth of Regional Innovation Clusters.‖ 
 
Thomas Gephart and Dan Loague, ―Jumpstarting SustainableAmerican Jobs: Today‘s Small 
Companies are Tomorrow‘s Biggest Employers,‖ Science Progress, July 27, 2010, available at 
http://www.scienceprogress.org/2010/07/jumpstarting-sustainableamerican-jobs/ 
 
Mark G. Heesen, ―State of the Venture Capital Industry‖ (Arlington: National Venture Capital 
Association, 2009). 
 
Jian Gao and Wei Zhang, ― China‘s Venture Capital Industry: Institutional Trajectories and 
System Structure‖ (Beijing: Tsinghua University, 2002). 
 
Justin Lahart, ―Auction Highlights a Drop in U.S. Capacity,‖ The Wall Street Journal, May 17, 
2010, available at 
http://online.wsj.com/article/NA_WSJ_PUB:SB100014240527487044145045752447416395399
02.html 
 
Richard McCormack, ―Manufacturing Continues to Shrink as a Percentage of U.S. Economic 
Activity,‖ Maufacturing & Technology News, June 21,2006, available at 
http://www.allbusiness.com/manufacturing/computer-electronic-productmanufacturing/1182847-
1.html 
 
National Association of Manufacturers, ―The Facts About Modern Manufacturing‖ (2003). 
 
Gary Pisano, ―The U.S. is Outsourcing Away its Competitive Edge,‖ Is the U.S. Killing its 
Innovation Machine Blog, October 1, 2009, available at 
http://blogs.hbr.org/hbr/restoringamerican-competitiveness/2009/10/the-us-is-outsourcing-away-
its.html 
 

Pisano, ―The U.S. is Outsourcing Away its Competitive Edge.‖ 
 
Andy Rappaport, ―Outsourcing Isn‘t a Problem for Silicon Valley But is For Detroit,‖ Is the U.S. 
Killing Its Innovation Machine Blog, October 09, 2009, available at 
http://blogs.hbr.org/hbr/restoring-americancompetitiveness/2009/10/outsourcing-isnt-a-problem-
for.html 
 

http://www8.nationalacademies.org/onpinews/newsitem.aspx?RecordID=12619
http://www.scienceprogress.org/2010/06/the-full-potential-of-university-research/
http://www.bengin.net/jbc/be_systeme/23%20Innovation/Externe/Where_do_innovations_come_from.pdf
http://www.bengin.net/jbc/be_systeme/23%20Innovation/Externe/Where_do_innovations_come_from.pdf
http://www.scienceprogress.org/2010/07/jumpstarting-sustainableamerican-jobs/
http://online.wsj.com/article/NA_WSJ_PUB:SB10001424052748704414504575244741639539902.html
http://online.wsj.com/article/NA_WSJ_PUB:SB10001424052748704414504575244741639539902.html
http://www.allbusiness.com/manufacturing/computer-electronic-productmanufacturing/1182847-1.html
http://www.allbusiness.com/manufacturing/computer-electronic-productmanufacturing/1182847-1.html
http://blogs.hbr.org/hbr/restoringamerican-competitiveness/2009/10/the-us-is-outsourcing-away-its.html
http://blogs.hbr.org/hbr/restoringamerican-competitiveness/2009/10/the-us-is-outsourcing-away-its.html
http://blogs.hbr.org/hbr/restoring-americancompetitiveness/2009/10/outsourcing-isnt-a-problem-for.html
http://blogs.hbr.org/hbr/restoring-americancompetitiveness/2009/10/outsourcing-isnt-a-problem-for.html


20-20 Hindsight 
 

 561 

 
Nicholas Johnston, ―Obama Defends Stimulus Grants to Electric-Car Battery Plants,‖ Bloomberg 
News (2010), available at 
http://www.washingtonpost.com/wpdyn/content/article/2010/07/15/AR2010071500154.html 
 
Christian E. Weller and Holly Wheeler, ―Our Nation‘s Surprising Technology Trade Deficit‖ 
(Washington: Center for American Progress, 2008). 
 
Christian E. Weller, ―The Case for Strategic Export Promotion: Addressing the Looming High-
Tech Trade Deficit‖ (Washington: Center for American Progress, forthcoming). 
 
OECD PISA, ―What Students Know and Can Do‖ (2009), available at 
http://www.oecd.org/dataoecd/54/12/46643496.pdf 
 
―Change the Equation: Why Stem?‖ available at http://www.changetheequation.org/why/why-
stem/ 
 
Jonathan D. Moreno, Mind Wars: Brain Research and National Defense(Chicago: University of 
Chicago Press, 2006). 
 
World Economic Forum, ―The Global Competitiveness Report 2010-2011.‖ 
 
World Economic Forum, ―The Global Information Technology report 2009-2010,‖ (2010), 
available at http://networkedreadiness.com/gitr/main/analysis/showdatatable.cfm?vno=4.37 
 
President‘s Council of Advisors on Science and Technology, ―Report to the President, Prepare 
and Inspire: K-12 Education in Science,Technology, Engineering, and Math (STEM) for 
America‘s Future,‖ (Washington: Executive Office of the President, 2010). 
 
―Map of Performance in Asia,‖ Tapping America‘s Potential, available at 
http://www.tap2015.org/maps/asia/index.html 
 
Louis Soares and Christopher Mazzeo, ―College Ready Students, Students Ready Colleges: An 
Agenda for Improving Degree Completion in Postsecondary Education‖ (Washington: Center for 
American Progress, 2008). 
 
Kohli, Podesta, and Wartell, ―A Focus on Competitiveness.‖ 
 

Kohli, Podesta, and Wartell, ―A Focus on Competitiveness.‖ 
 
 ―Obama Lays Out ‗Competitiveness‘ Agenda,‖ The Chronicle of Higher Education, June 
17,2008, available at http://chronicle.com/article/Obama-Lays-Out/43274/ 
 
Maryann Feldman and Lauren Lanahan, ―Silos of Small Beer: A Case Study of the Efficacy of 
Federal Innovation Programs in a Key Midwest Regional Economy‖ (Washington: Center for 
American Progress, 2010). 
 
 Such as Change the Equation, a national non-profit dedicated to ―solving America‘s innovation 
problem‖ by way of improving STEM education, http://www.changetheequation.org/ 
 
National Academy of Sciences, ―Rising Above the Gathering Storm, Revisited: Rapidly 
Approaching Category 5‖ (2010). 
 
Brian K. Fitzgerald, ―Modeling STEM Success: Systems Model Offers New Solutions in the 
STEM Education and Workforce Quandary,‖ Science Progress, December 2, 2010, available at 
http://www.scienceprogress.org/2010/12/modeling-stem-success/ 

http://www.washingtonpost.com/wpdyn/content/article/2010/07/15/AR2010071500154.html
http://www.oecd.org/dataoecd/54/12/46643496.pdf
http://www.changetheequation.org/why/why-stem/
http://www.changetheequation.org/why/why-stem/
http://networkedreadiness.com/gitr/main/analysis/showdatatable.cfm?vno=4.37
http://www.tap2015.org/maps/asia/index.html
http://chronicle.com/article/Obama-Lays-Out/43274/
http://www.changetheequation.org/
http://www.scienceprogress.org/2010/12/modeling-stem-success/


20-20 Hindsight 
 

 562 

 
 
Louis Soares, ―Working for a Living, Learning for the Future: Updating the Workforce Investment 
Act to Create a Competitive 21st Century Labor Force‖ (Washington: Center for American 
Progress Action Fund, 2010). 
 
Krisztina Holly, ―Moving Ideas from University to Market Place: How to Manage University 
Intellectual Property for the Public Interest,‖ Science Progress, November 04, 2010, available at 
http://www.scienceprogress.org/2010/11/moving-ideas-from-lab-benchto-market-place/ 
 
Marshall Fitz, ―Prosperous Immigrants, Prosperous Americans: How to Welcome the World‘s 
Best Educated, Boost Economic Growth, and Create Jobs,‖ (Washington: Center for American 
Progress, 2009). 
 
Feldman and Lanahan, ―Silos of Small Beer.‖ 
 
Sallet, Paisley, and Masterman, ―The Geography of Innovation.‖ 
 
World Wildlife Foundation, ―Getting Back in the Game: U.S. Job Growth Potential from 
Expanding Clean Technology Markets in Developing Countries‖ (2010); Robert Pollin, James 
Heintz, and Heidi Garrett-Peltier, ―The Economic Benefits of Investing in Clean Energy: How the 
Economic Stimulus Program and New Legislation Can Boost U.S. Economic Growth and 
Employment‖ (Washington: Center for American Progress, 2009). 
 
Andrew Plemmons Pratt, ―Energy for Regional Innovation: DOE Programs Can Drive New 
Technology and Get the Most from Taxpayer Investments,‖ Science Progress, March 23, 2010, 
available at http://www.scienceprogress.org/2010/03/energy-for-regional-innovation/ 
 
The White House: Office of the Press Secretary, ―Weekly Address: President Obama Calls for 
Earmark Reform,‖ Press release, November 13, 2010, available at  
http://www.whitehouse.gov/the-press-office/2010/11/13/ 
 

 

 
 
 

http://www.scienceprogress.org/2010/11/moving-ideas-from-lab-benchto-market-place/
http://www.scienceprogress.org/2010/03/energy-for-regional-innovation/
http://www.whitehouse.gov/the-press-office/2010/11/13/


20-20 Hindsight 
 

 563 

 
APPENDIX 1: DESCRIPTION OF 16 MEGAPROJECTS 
 
 
1. Core electronic components, high-end general use chips and basic software 
products 

 This project focuses on the development of microwave and millimeter-wave devices, high-end 

general chips, and basic software products, including operating systems, database management 
systems and middleware. 

 It also emphasizes securing more patents and increasing indigenous innovation for computers 

and computer systems and basic software products with networking and national security 
applications. 
 
2. Large-scale integrated circuit manufacturing equipment and techniques 

 China will focus on achieving the mass application of 90nm manufacturing equipment and attempt 

to localize a number of key technologies and components. It also plans to develop a wide array of 
equipment for manufacturing 65nm circuits, while making breakthroughs in R&D of key technologies 
for 45nm and below. 

 A key aim is to develop many core technologies for the manufacture of very large scale integrated 

(VLSI) circuits, and building an innovation system for China‘s integrated circuit (IC) manufacturing 
industry. 
 
3. New generation broadband wireless mobile communication networks 

 China hopes to develop a new generation of broadband wireless mobile communication networks 

with large-scale communication capacities, as well as low cost and wide coverage broadband 
wireless communication access systems. Short-distance wireless communication systems and 
sensor networks also fall 
under the scope of this project. 

 China seeks to increase the number of Chinese patents in international technology standards and 

widen the application for these technologies while achieving an industry output of more than RMB 
100 billion. 
 
4. Advanced numeric-controlled machinery and basic manufacturing technology 

 This project calls for the study of two-to-three types of large high-precision computerized 

numerically controlled machine tools, and the development of key high-precision CNC (computer 
numerically controlled) machine tools and other basic equipment required by the aerospace, space 
shipbuilding, automotive and energy production equipment sectors. 

 China also seeks to make advancements in the R&D of CNC machine tools, and build research 

centers and training facilities to promote the development of medium and high-grade CNC machine 
tools. 
 
5. Large-scale oil and gas exploration 

 This project emphasizes the study of high-precision seismic exploration and exploitation 

technologies for oil, gas and coal-bed gas in western China. 

 Also of critical importance are technologies suited for exploration and exploitation of deep sea oil 

and gas resources, as well as resources with access complicated by difficult geological conditions. 

 China hopes to improve design and manufacturing capabilities for a broad range of related 

technology with the aim of raising oil and natural gas discovery rates by 10 to 20 percent, 
respectively, and achieving an oil recovery ratio of 40 to 50 percent. 
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6. Large advanced nuclear reactors 

 With this project China‘s goal is to combine imported technology and indigenous innovation to 

achieve advancements in a third generation of pressurized-water nuclear reactor power plants. 

 China also wants to complete standard designs and develop key technologies to build the first 

series of pilot high-temperature gas-cooled nuclear reactor power plants. This includes 200 MW 
high-temperature gas-cooled nuclear reactor power plant construction pilot projects. 
 
7. Water pollution control and treatment 

 China will select various types of river basins for zoning based on the ecological function of the 

water source, and study key technologies to control and prevent water pollution, and treat lake 
contaminants for the remediation of water resources. 

 China also aims to makes advancements in technologies to protect, process and distribute 

drinking water, and create a system to monitor water pollution and water quality improvement. 
 
8. Breeding new varieties of genetically modified organisms 

 The main goals of this special project are to obtain indigenous intellectual property rights for a 

series of valuable new genetically modified organisms (GMOs), and to breed new classifications of 
disease resistant, high-yield, high-quality GMOs to improve research and scientific capabilities in 
support of agricultural industrialization and sustainable development. 

 The implementation of the gene modification special project has significant strategic importance 

for increasing indigenous innovation in China‘s agricultural science and technology capabilities, 
improving agricultural efficiency and crop yield, and in increasing China‘s global agricultural 
competitiveness. 
 
9. Pharmaceutical innovation and development 

 China is placing a significant emphasis on domestic drug innovation. The goals of the project 

include advancing technologies for the identification, verification and manufacture of 30 to 40 new 
chemical and bio pharmaceuticals. 

 China seeks to increase capabilities to test the efficacy and safety of new drugs. 

 China also aims to develop new Traditional Chinese medicines with verified quality and reliability. 

 
10. Control and treatment of AIDS, hepatitis, and other major diseases 

 The aim of this project is to achieve breakthroughs in the R&D of key technologies for new 

vaccines and pharmaceuticals. In doing so, China hopes to independently develop 40 types of 
unique diagnostic reagents, and 15 vaccines. 

 China also will attempt to design standards for Chinese and western medicine based prevention 

and cure plans. 
 
11. Large aircraft 

 China will institute feasibility studies for developing the key technologies required for the domestic 

production of large aircraft. 

 Key focuses will include the design, R&D and manufacture of power systems and testing systems 

for large aircraft. 
 
12. High-definition earth observation system 

 China hopes to develop an all-weather and full-time earth observation system with advanced 

high-definition observation systems at satellite, aircraft and stratospheric levels. 

 An additional focus of this project is to establish an Earth observation data center and to improve 

the quality of space-related data produced in China. 
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13. Manned spaceflight and lunar probe programs 

 China seeks to make advancements in key technologies required for extravehicular activities for 

astronauts, and for the Rendezvous and Docking (RVD) for spacecraft. 

 A central focus of this project will be to establish a man-operated, orbiting space laboratory. 

 Laying the foundation for a lunar probe program is also a focus of this project. The plan includes 

developing satellites for moon exploration, the creation of an orbital moon exploration program, as 
well as general advancements in technologies for lunar exploration. 
 

14-16. Undisclosed, believed to be classified military projects 
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APPENDIX 2: ACRONYMS USED IN THE REPORT 

 

3GPP: Third Generation Partnership Project to develop a globally applicable third generation 

(3G) mobile phone system standard 

 

Ads: Area Directors of IETF 

AMD  Advanced Micro Devices, Sunnyvale, CA 

AML: Anti-Monopoly Law 

 

AMS: China‘s Academy of Military Science 

ANSI: American National Standards Institute 

AQSIQ: General Administration of Quality Supervision, Inspection, and Quarantine 

ASTR: Hong Kong Applied Science and Technology Research Institute 

ATIS: Alliance for Telecommunications Industry Solutions, a private U.S. standard 

organization  

AVIC: Aviation Industry Corporation of China 

AVS: China‘s Audio and Video Coding Standard Consortium 

 

BIS: Bank of International Settlements 

 

CAS: Chinese Academy of Sciences 

CATR: China Academy of Telecommunications Research 

CATT: China Academy of Telecommunications Technology 

CCC: China National Certification and Accreditation Administration‘s Compulsory 

Certification 

CDB: China Development Bank 

CDMA 2000: A family of third-generation mobile technology standards 

CESI: China Electronics Standardization Institute 

CMMB: China Multimedia Mobile Broadcasting 

CNC: Computer numerical control 

CNCA: China National Certification and Accreditation Administration 

CNIS: China National Institute of Standardization 

COMAC: China Commercial Aircraft Company  

CPC: Communist Party of China 

 

CPU: Central processing unit 

CTTL: China Telecommunication Technology Lab 
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DARPA: U.S. Defense Advanced Research Projects Agency 

DCP: Device Control Protocols 

DLNA: The Digital Living Network Alliance, an international standards consortium 

DSP: Digital Processing Chip 

DVB-SH: Europe‘s Multimedia Mobile Broadcasting standard 

 

ECFA: Economic Cooperation Framework Agreement between China and Taiwan 

EDGE: Enhanced Data Rates for GSM Evolution, a European telecommunications 

standard 

EDS: Electronic Data Systems, Plano, TX 

ETSI: European Telecommunications Standards Institute 

EV-Do: Evolution-Data Optimized is designed as an evolution of the CDMA2000 

standard 

 

FDI: Foreign Direct Investment 

FG IPTV: an Internet broadcasting standard organization that coordinates the work 

of ITU study groups 

FIE: Foreign-invested enterprise 

FLO TV: Forward Link Only TV, a proprietary standard developed by Qualcomm 

FRAND: Fair and reasonable non-discriminatory patent licensing conditions 

Indigenous Innovation and Globalization 113 

FTC: U.S. Federal Trade Commission 

 

GIN: Global innovation networks 

GMO: Genetically Modified Organism 

GP: Government procurement 

GPN: Global production network 

GPU: Graphic processing unit 

GSM: Global System for Mobile Communications, a standard set developed by the 

European Telecommunications Standards Institute (ETSI) to describe technologies 

for second generation digital cellular networks 

 

HTC: A Taiwanese mobile handset company 

 

IC: Integrated Circuit 

ICES: International Cooperation for Education About Standardization 

ICT: Information and communications technology 

ICT/CAS: Institute of Computing Technology of the Chinese Academy of Science 
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IEC: International Electro-Technical Commission of the ISO 

IEEE: The Institute of Electrical and Electronics Engineers, an international nonprofit 

professional association dedicated to advancing technological innovation 

IESG: Internet Engineering Steering Group 

IETF: Internet Engineering Task Force 

IGRS: The Intelligent Grouping and Resource Sharing, a Chinese standards consortium 

IPAC: Intellectual Property Affairs Center of China‘s Ministry of Science and Technology 

IPR: Intellectual property rights 

IPTV: Internet broadcasting 

ISO: International Organization for Standardization 

IT: Information technology 

ITC: U.S. International Trade Commission 

ITRI: Taiwan‘s Industrial Technology Research Institute 

ITU: International Telecommunication Union 

 

LED: Light-emitting diode, a semiconductor light source 

LTE: Long Term Evolution, a set of fourth-generation digital mobile standards 

 

MII: Ministry of Information Industry, the forerunner of MIIT 

MIIT: Ministry of Industry and Information Technology 

MLP: Medium- and Long-Term Plan for Science and Technology Development 

MLPS: China‘s Multi-Level Protection Scheme for information security standards and 

Certification 

MofComm: China‘s Ministry of Commerce 

MOE: Ministry of Education 

MoF: China‘s Ministry of Finance 

MoH: China‘s Ministry of Health 

MoR: China‘s Ministry of Railways 

MoST: China‘s Ministry of Science & Technology 

MPEG: Moving Picture Experts Group, a private standards consortium 

MPS: China‘s Ministry of Public Security 

MSI: A Taiwanese computer company 

 

NAI: China‘s Network Access Identifier regulations for telecommunications 

NAL: China‘s Network Access License regulations for telecommunications 

NCSC: China‘s National Computer Security Center 

NDRC: China‘s National Development and Reform Commission 

NEC: Japanese information technology company 
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NIST: U.S. National Institute of Standards and Technology 

NSFC: National Science Foundation of China 

 

ODM: Original design manufacturer 

OEM: Original equipment manufacturer 

OECD: Organization for Economic Cooperation and Development, Paris 

OFDM: Orthogonal Frequency Division Multiplexing, a modulation technique for 

transmitting large amounts of digital data over a radio wave 

OMA: Open Mobile Alliance, a San Diego-based international mobile telecommunications 

standards consortium 

OMB: U.S. Office of Management and Budget 

OMS: Open Mobile System 

OSCCA: China‘s Office of Security Commercial Code Administration 

 

PC: Personal computer 

PCT: International Patent Cooperation Treaty administered by WIPO 

PDA: Personal Digital Assistant 

PRC: People‘s Republic of China 

 

R&D: Research and development 

RAND: Reasonable and non-discriminatory patent licensing conditions 

RF: Royalty free 

RVD: Rendezvous and Docking 

 

SAC: Standards Administration of China  

SAIC: State Administration for Industry and Commerce 

SARFT: China‘s State Administration of Radio, Film and Television 

SASAC: China‘s State-owned Asset Supervision and Administration Commission 

SBIR: U.S. Small Business Innovation Research 

SCI: Science Citation Index 

SDO: Standard development organization 

SEMC: Shanghai Environmental Monitoring Center 

SILG: China State Information Leaders Group 

SIPO: China‘s State Intellectual Property Office 

SITC: Standard industrial trade classification 

SMEs: Small and Medium-sized enterprises 

SOE: State-owned enterprise 

SPARC: Scalable Processor Architecture, microprocessor design developed by Sun 

Microsystems 
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STiMi: A Chinese Satellite and Terrestrial Interactive Multiservice Infrastructure 

standard 

S&T: Science and Technology 

 

TCL: A Chinese consumer electronics company 

TCSEC: Trusted Computer System Evaluation Criteria 

TD: A short hand for China‘s mobile telecommunications TD-SCDMA standard 

TDIA: China‘s TD-SCDMA Industry Alliance 

TD-LTE: China‘s fourth-generation digital mobile telecommunications standard 

TD-SCDMA: Time Division Synchronous Code Division Multiple Access, China‘s 

third-generation digital mobile telecommunications standard 

TNC: Transnational corporations 

TRIPS: Agreement on Trade-Related Aspects of Intellectual Property Rights, administered 

by the WTO 

TV/SAT (DVB): Europe‘s mobile TV standard 

 

UBM: Ultra mobile broadband 

UHF TV: ultra-high frequency television 

UMC: A Taiwanese semiconductor company 

UPnP: Universal Plug and Play standard 

USB: Universal Serial Bus, a set of standards to establish communication between 

devices and a host controller 

USITO: US Information Technology Office, Beijing 

USTR: U.S. Trade Representative 

 

VCEG: Video Coding Experts Group, a standard working group, administered by the 

ITU 

VLSI: Very Large Scale Integrated circuits 

 

W3C: World Wide Web Consortium 

WAPI: WLAN Authentication and Privacy Infrastructure, a Chinese national standard 

for wireless local area networks 

W-CDMA: Wideband Code Division Multiple Access, Europe‘s third-generation digital 

mobile telecommunication standard 

Wi-Fi: An interoperability standard for wireless local area network products 

WiMAX Forum: A consortium for the interoperability standard for Microwave Access, 

a telecommunications protocol that provides fixed and mobile Internet access 

WIPO: World Intellectual Property Organization, Geneva 
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WLAN: Wireless Local Area Network 

WTO-GPA: WTO‘s Agreement on Government Procurement 

WTO: World Trade Organization 

 

ZTE: A Chinese telecommunications equipment company 
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CommIT Enterprises Inc. is a Veteran-Owned, small company that provides professional management, 
engineering, and technical services to our clients.  Our focus is, and has been, working with our client's 
most difficult demands.   CommIT has developed (and employs) enterprise management methodologies 
that provide our clients with immediate results.  These results provide the ability to discover resources or 
services available to them; as well as the dependencies these both have.   As a specialized, cutting-edge, 
niche company; CommIT works at strategic levels across multiple domains within the Federal space; 
[including the Department of Defense (DOD) and the Intelligence Community] implementing technical 
advancement while helping to foster cultural change. 
 

CommIT has five professional level core competencies.  Each of these five 

competencies incorporates a variety of highly skilled management and technology 

based capabilities.  These Competencies include: 
 

Enterprise Management 
 

In order to provide Enterprise Management support, CommIT has expertly developed processes that 
enable various business operations to interoperate seamlessly, effectively and efficiently within or across 
organizations. The business rules and processes of information integration provide better information 
utilization and cause and effect awareness across organizations; which significantly increases productivity 
throughout the enterprise. 
 

Science and Technology 

CommIT has driven the S&T standard for Government requirements processes for the emerging and 
critical technologies across the DOD enterprise. Commercial science and technology advancement has 
far exceeded the Government‘s ability to understand and employ much of it.  CommIT, working with the 
DOD, has developed means of S&T identification, maturation and operationalization of emerging and 
critical technologies. 
 

Decision Engineering 

Decision engineering brings in the human component to information and Command and Control systems 
that provide the right information to decision makers in an understandable fashion.  Approached through 
Knowledge Management principles of data, information and shared understanding; Decision Engineering 
further incorporates understanding of cognitive capabilities to enable the best possible interface and 
environment for decisions. 
 

Information Engineering 

Information engineering is the processes of bridging data to information through the context of that 
data. CommIT develops and employs data models, data management architectures and logic structures; 
coupled with the business, organizational and operations processes. Scalability and replication reduces 
costs on limited budgets through seemingly unrelated data and information reutilized across organizations 
and applications. 
 

Information Assurance and Security 

CommIT understands the key to information usage within a time critical environment or operation is to 
trust that information from detection, manipulation, or repudiation. We have extensive experience within 
the DOD and the global implementation of intelligence community assets; along with the technologies and 
processes required for their certification.   
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