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Copyright and Source Credits

The China Miscalculation is presented under the author name ABU MUSA.

Sources discussed in the text are credited in the Notes and Selected Bibliography. References to other publications, companies, and products identify the subjects of this book; their appearance does not imply endorsement or affiliation.






Author’s Note

This book begins with judgments made in an earlier decade and examines what the intervening years allow us to test. Its historical account and underlying research take September 17, 2026, as their principal evidence cutoff. Selected original publications and volatile claims were checked again through September 21, 2026; the September 20 DRAM announcement is dated where it appears. Figures are dated where they appear; they should not be mistaken for measurements of a later publication year.

A present technological lead is a measurement only after the technology, performance criterion, and date have been specified. A prediction about whether that lead will endure is a different proposition. I distinguish the two throughout. Statements about what could happen around 2030, 2035, or 2040 are the author’s conditional scenarios, not reported future events. The next decade in the subtitle is viewed from 2026; the 2040 horizon reaches beyond it.

The notes identify the publications used for consequential historical and empirical claims. A company announcement is attributed as an announcement; a technical demonstration is not quietly treated as a commercially established product. Where evidence is disputed or incomplete, the uncertainty belongs beside the relevant claim rather than in a blanket qualification elsewhere in the book.






Introduction — A Prediction Disguised as a Fact

In March 2014, Harvard Business Review published an article whose title seemed to settle a question before the reader had reached the first paragraph: “Why China Can’t Innovate.” Its authors, Regina M. Abrami, William C. Kirby, and F. Warren McFarlan, were examining whether a country with abundant entrepreneurs, resources, and market demand could develop the institutional conditions for sustained innovation. They were not claiming to have established an incapacity among Chinese people. Their argument concerned arrangements and incentives that, in their analysis, stood between industrial achievement and the kind of innovation they considered essential.I01-1

A headline travels more easily than the qualifications beneath it. Detached from the article, those four words could pass for an enduring description of a country. They fitted a familiar account of China: the workshop of the world, remarkably proficient at making things designed elsewhere, capable of unsettling established industries through sheer productive scale, yet destined to remain a follower. This shorthand drew on real history. Foreign investment and imported technologies, joint ventures, international demand, and the movement of manufacturing knowledge helped propel China’s development. Intellectual-property disputes belonged to that history, too. But the means by which an industry acquires its first capabilities do not, by themselves, establish the limits of what it may later learn.

Consider the distinction concealed by the word copycat. An engineer who turns a promising prototype into a reliable product may not have invented the underlying principle. Yet making that product consistently, reducing its defects, substituting materials when supplies fail, and coordinating the firms that produce its parts require knowledge. Manufacturing yield—the proportion of output that meets the necessary standard—can determine whether an ingenious design becomes commercially usable. Experience with these problems can inform the next design, though it may never produce a breakthrough in fundamental science. The important question is what kind of learning occurred and where it can lead. A label about a design’s origin cannot answer it.

Seven years later, Harvard Business Review published Zak Dychtwald’s “China’s New Innovation Advantage.” Dychtwald emphasized rapid consumer adaptation and the commercial consequences of a population accustomed to adopting new products quickly.I01-2 The two articles had different authors and different questions. The second was not a formal retraction of the first. That is what makes their juxtaposition useful. One examined institutional obstacles; the other brought customers, adoption, and commercialization toward the center of the discussion. Their different emphases reveal how much can disappear inside a single word: innovation.

By 2026, the question had become harder to keep abstract. The International Energy Agency reported that nearly 22 million electric cars were manufactured worldwide in 2025, with almost three-quarters produced in China.I01-3 The figure describes factory locations, not the nationality of every company that owns those factories. It establishes neither who invented each component nor whether every Chinese supplier works at the scientific frontier. What it does establish is the extraordinary scale of production concentrated in one place.

An electric car is not one invention multiplied by an assembly line. Its manufacture brings together battery cells, motors, power electronics, structural components, software-controlled systems, and the practical demands of a vehicle that must work reliably for its owner. Producing millions of them calls for repeated coordination among designers, suppliers, factories, and customers. The volume offers opportunities to discover failures and improve processes; it does not guarantee that those opportunities will be used well. The question raised by the IEA’s figure is whether experience accumulated in this system changes what its participants can attempt next—and under which conditions.

The agency reported a related concentration in batteries: more than 80 percent of the world’s battery cells were produced in China in 2025. It also identified Chinese, Korean, and Japanese producers as the central group of companies supplying cells worldwide.I01-4 Place of production and ownership describe different forms of power. Confusing them can exaggerate China’s corporate control; ignoring production geography can obscure where industrial experience is accumulating. Nor is concentration an uncomplicated advantage. Competition can squeeze margins, factories can outgrow profitable demand, and customers can seek alternative suppliers. A large industrial system may be capable of considerable learning while imposing considerable costs on some of its participants.

Put the 2014 headline beside those figures and it is tempting to declare the argument over. That would be precisely the wrong use of the evidence. Electric-car output does not directly test an institutional analysis published in 2014. It tells us little on its own about advanced semiconductor fabrication or original scientific research. Nor does a result in one industry demonstrate that expertise has moved into another. The productive comparison begins with the old claim itself: What did its author actually assert? What measure and time horizon did it concern? What later evidence addresses that same proposition? Which obstacles remain unresolved?

Here lies the miscalculation of the book’s title. A statement about a present gap can slip into an argument about the future without announcing the change. Suppose a manufacturer cannot obtain a particular machine or match a competitor’s cost and reliability in a specified year. That may be an accurate description of its position and a sound basis for assessing its immediate vulnerability. It is not yet evidence that the manufacturer will remain in the same position a decade later. Such a forecast requires assumptions about the incumbent’s progress, the challenger’s capacity to find substitutes, the effects of research and deployment on costs, and changes in suppliers, finance, skills, demand, and trade. Those assumptions may prove defensible. They still need to be stated and examined rather than carried silently inside the original measurement.

Errors can run the other way. An analyst might foresee rapid convergence and underestimate a barrier whose technical or economic demands remain stubbornly out of reach. A working substitute could cost too much to manufacture consistently; a scientific advance might resist commercialization. The purpose of this book is to investigate identifiable instances in which assessments of China gave too little weight to adaptive capacity, while leaving room for assessments that were accurate or remain unresolved. It is not an account of a supposedly uniform American or European attitude. Scholars, executives, and institutions have disagreed, and nationality cannot stand in for a documented argument.

To understand why the distinction matters, return to a moment before the outcomes were known. Imagine examining China in 2015, with no access to the following eleven years. Its manufacturing scale and expanding electronics industries were visible. So were ambitious industrial-policy announcements and dependence on international suppliers, especially at difficult points in the semiconductor system. A government plan was evidence of an objective, not proof that it would be achieved. A large factory showed capacity, but could not reveal which bottleneck would disappear by 2026. The observer had to consider how production experience might develop, which research institutions were needed, how foreign collaboration might contribute, and how competing firms would advance over the same period.

We can now see one of the paths that history took. The 2025 electric-car figures are available to us; they were not available to the observer in 2015. Chinese manufacturers and researchers also occupy consequential positions in other industries, though their achievements must be tested with different evidence. Some ambitions remain laboratory demonstrations, announced roadmaps, or products whose costs and reliability have not been independently established. To put today’s outcomes into the imagined observer’s mind would be to write history backward. The exercise is useful only if the information available in 2015 stays separate from the evidence collected afterward.

Memory introduces another distortion. A forecast remembered as confidently wrong may originally have referred to one process, one market, or a limited period. A paragraph surrounding a striking headline may have acknowledged obstacles that still exist. Conversely, a precise measurement may have been used to support a claim of indefinite superiority that the data could not justify. An honest audit must distinguish the headline, the argument, any forecast it contains, and the subsequent result. A book about faulty reasoning would defeat its own purpose if it reconstructed its subjects carelessly.

The method is demanding but straightforward. Return to the original wording and date; identify the relevant measure; compare it with genuinely comparable later evidence. An installed machine is not a planned one. A chip identified in a commercially sold phone does not reveal the manufacturing yield of the plant that made it. A scientific paper is not a product in routine service. The analyst must ask what was knowable at the time, allow contrary evidence to change the conclusion, and leave unresolved what the public record cannot settle. A new headline cannot fill a gap in the evidence simply because it makes an appealing reply to an old one.

The technological system itself complicates any such audit. A semiconductor may be designed with American software and intellectual property, manufactured in Taiwan, and produced using specialized machinery and materials supplied by firms in several countries. ASML, the Netherlands-based lithography-equipment maker, describes its business as supplying the hardware, software, and services chipmakers need to print circuit patterns at volume; its operations extend across national borders.I01-5 A chip sold under a Chinese brand may embody work performed in several jurisdictions. It may also reflect an attempt to replace a component that has become difficult to obtain. National origin matters when assessing control or exposure to restrictions, but it rarely describes the whole engineering process.

This is why catching up needs a stated definition. A domestic machine that is more expensive or less productive than the leading imported model may nevertheless let a factory continue operating when purchases from abroad become uncertain. It creates an option that did not previously exist: a change in resilience. It does not establish parity. A laboratory might demonstrate an original principle and still be years from dependable production. Another industry might manufacture at enormous scale while remaining dependent on crucial foreign software. These capabilities move at different speeds and answer different questions. Compressing them into one national measure would conceal the very changes the book is trying to understand.

The imperfect substitute is especially revealing. It can give engineers something to test, customers a limited alternative, and its maker information about defects that emerge in actual use. Under favorable conditions, the next iteration may improve. But the substitute can also consume scarce capital, perform poorly at scale, or depend on imported components of its own. Learning is possible, not automatic; resilience can improve before an alternative becomes commercially competitive. Both the new choice and the remaining vulnerability belong in the account.

Artificial intelligence presents a different measurement problem. A model’s result on a specified benchmark establishes something about its performance on that test, under that configuration. It does not by itself establish access to training chips, high-bandwidth memory, reliable networks, electricity, or a commercial ecosystem prepared to deploy it. Nor does the country in which a model was developed necessarily determine the country in which another firm hosts it or who receives users’ data. A claim about national AI capability has to name the layer under examination. The same result can be important in one layer and inconclusive in another.

Frontier research calls for similar precision. A quantum processor performing a specialized sampling task should be assessed against the task it was built to perform, not against every application promised for future quantum computers. A quantum-communications experiment addresses another problem altogether. Novel experimental work deserves recognition as research; uncertain commercial utility deserves to remain uncertain. Otherwise, a society’s scientific contribution is either dismissed because it has not yet become a consumer product or inflated into a claim of technological supremacy.

Geopolitical restrictions can change the pace and direction of these efforts without making their effects simple. Export controls may raise the price of obtaining a component or make it inaccessible altogether. Restricted access can also increase the value of designing around the missing item or cultivating another supplier. Chinese programs to expand domestic technological capacity predated major U.S. advanced-computing controls introduced in 2022; those controls cannot explain every subsequent initiative. Nor can we observe the alternative history in which they never existed. A responsible analysis keeps a rule’s stated rationale, its documented immediate effects, and hypotheses about longer-term substitution distinct. One conspicuous product cannot establish the overall outcome of a policy.

The resulting picture of power is relational. A buyer of advanced machinery depends on the manufacturer, while that manufacturer also needs its own suppliers, workers, customers, and markets. Battery and materials processing can expose industries outside China to interruptions even as Chinese producers rely on foreign technology or export demand. These dependencies are not automatically equal. Their consequences depend on how easily a missing supplier can be replaced, how long replacement takes, and what the interruption costs. A map of technological power must show the particular links rather than draw a border around an entire supply chain and call it self-sufficient.

These distinctions give the book its course. The historical record must be examined without hindsight. Manufacturing must be understood as a system capable of generating knowledge but also wasting resources. Technical constraints must be located in particular machines, processes, software, and cross-border relationships. Only then can a proposition about the future be tested against both the capacity to adapt and a frontier that competitors continue to move. Each perspective corrects something the others cannot see.

From the vantage point of 2026, I take seriously three possibilities. Around 2030, selected critical technologies could approach near-parity on specified measures. By approximately 2035, advances in compatible fields might reinforce one another and make a more integrated industrial system possible. By 2040, Chinese firms or research institutions might help establish the technical direction in certain fields. These are scenarios, not findings about events that have yet to occur. The first is a nearer checkpoint within the decade invoked by the book’s subtitle; the second concerns interactions among capabilities; the third extends beyond that decade and does not imply dominance across every technology.

Each scenario can fail. Competitors may advance faster than the gap closes. Domestic alternatives may suffer low yields, unreliable software, high costs, or insufficient demand. Capital can be absorbed by duplicative factories, and restrictions can delay learning even when they strengthen incentives to find substitutes. Security, privacy, standards, and trust can shape international adoption; scientific demonstrations may prove difficult to turn into dependable systems. These are not decorative qualifications. They determine what the proposed futures could mean, and what evidence would require them to be revised.

The author of a book about miscalculation has a particular obligation here. Once a persuasive account of earlier underestimation takes shape, every new announcement can begin to look like confirmation, while failed projects and advances by rivals recede from view. A date attached to a scenario can become an appointment with destiny. I cannot ask readers to inspect old predictions carefully while shielding my own from the same scrutiny. The measure must be defined before the result, contrary evidence must remain capable of changing the argument, and the conditions for revision must be visible. Some of these possibilities may never materialize. They are worth examining only insofar as they clarify the mechanisms and uncertainties of the years ahead.

Nor can industrial scale be celebrated without asking what it delivers. Production can rise while profits fall. Wider access to a technology can accompany surveillance or privacy risks, depending on its design and operator. Technology transfer can be legitimate, disputed, or unlawful in particular cases; allegations require evidence rather than national presumptions. Industrial policy can announce an objective without delivering it. Such distinctions bear directly on whether an achievement becomes durable, useful, and widely trusted.

We can observe changes between 2015 and 2026 that no analyst in 2015 could have known in full. We cannot approach 2030, 2035, or 2040 with the same retrospective certainty. History offers examples of systems learning, failing, and altering their course. It does not supply a timetable the future must obey. Recognizing a present disadvantage does not require declaring it permanent; recognizing an extraordinary achievement does not require treating it as the beginning of an inevitable triumph.

Return to that 2014 headline. The point is not to make four words look foolish beside a later statistic. It is to recover the specific argument they introduced, examine the limits of its claims, and understand how capabilities can develop in places that an easy description overlooks. Before asking how far China stands from a technological frontier, we need to decide what kind of innovation is being measured. The answer begins with the different forms of work hidden by the word copycat.






PART I — THE COPYCAT STORY




1. The Verdict Before the Evidence: How the Copycat Image Took Hold

Copycat.

The word is economical. It assigns an originator and a follower, then encourages the reader to imagine that neither can change places. A product resembling an earlier design becomes evidence of a national habit. A factory making goods conceived elsewhere is assumed incapable of designing its own. Before long, an account of how a country entered an industry has become a theory of how far it can ever go.

The Introduction began with the title of a March 2014 Harvard Business Review article, “Why China Can’t Innovate.” Its authors, Regina M. Abrami, William C. Kirby, and F. Warren McFarlan, deserve to be read more carefully than that headline is sometimes read. The publisher’s summary acknowledges China’s entrepreneurs, market demand, and wealth while questioning whether the country’s institutional environment could support the innovation needed for global leadership. In a related excerpt from their 2014 book, the authors discuss the governance of state-owned enterprises and universities, along with the incentives that can make incremental improvements more attractive than risky breakthroughs. Their subject was the institutional setting in which resources and talent become sustained advances. They did not establish that Chinese people lacked the intellectual capacity to invent.C01-1

This is not merely a distinction made in fairness to three scholars. If university governance obstructs research, a successful new consumer product does not, by itself, refute that concern. Profitable incremental changes may even illustrate the incentive structure the authors described. Yet those same improvements might, under other conditions, equip firms with capabilities that an account focused on institutional constraints did not fully anticipate. We need a vocabulary that can recognize both possibilities before asking what the evidence says.

The larger copycat story had recognizable historical foundations. China’s export factories worked extensively with designs from foreign firms. International companies supplied equipment, investment, patents, training, and access to customers; manufacturers assembled goods for brands headquartered elsewhere. Some businesses imitated successful products, and intellectual-property disputes were real. None of this needs to be denied. The questionable step comes later, when dependence at the beginning of an industry’s development is treated as evidence that another capability cannot emerge from it.

The point is easiest to see by separating five activities that ordinary conversation often compresses into the same word. Invention produces a new technical idea, principle, design, or method. It may result from fundamental research, applied engineering, or an unexpected combination of earlier knowledge. Its origin matters when we ask who made a discovery or who possesses a legally protected invention. A patent may provide evidence about a claimed invention and its priority, but the existence of a patent does not tell us whether a product will be safe, affordable, commercially successful, or even built. Nor is every valuable invention patentable or patented.

Adaptation changes an existing product or technique to fit a different purpose, constraint, or set of users. A design developed for one environment may require different materials, dimensions, software, maintenance procedures, or cost assumptions when it moves elsewhere. Some adaptations are trivial. Others demand extensive engineering and result in an improved product. The originator of the underlying technology retains that historical contribution; the engineers who solve a new adaptation problem may make a separate contribution of their own. The two can be acknowledged without awarding the entire product to one party.

Process innovation changes how work is actually done. In manufacturing, this might mean a materially better way to control a machine, handle a sensitive material, detect defects, sequence operations, or achieve reliable output. It may leave the product’s outward appearance unchanged. That invisibility is one reason it so often disappears from public accounts of technological power. A photograph can show a finished battery. It cannot show the years of testing required to know which manufacturing conditions consistently produce cells that meet the intended specifications.

Scaling makes a method function at a substantially larger volume, often across facilities and suppliers, without losing the characteristics that gave it value at smaller volume. Mere multiplication of identical production lines is expansion; it is not automatically innovation. Scaling becomes an engineering achievement when larger volumes expose bottlenecks and compel significant new solutions in quality control, scheduling, materials handling, equipment, or coordination. A company can build more of the same and learn little. It can also discover that the process it mastered for a thousand units behaves quite differently when asked to deliver a million.

Commercialization takes a useful development into actual use. Its work includes product integration, service, distribution, pricing, maintenance, customer feedback, and sometimes a new business model. Being first to invent a component does not guarantee being first to devise a product customers can afford and use dependably. On the other hand, a persuasive marketing campaign attached to an unchanged product does not become a technological breakthrough just because sales are large. These categories are analytical tools, not five mutually exclusive boxes. An improved product may require invention, adaptation, process change, scaling, and commercialization together. The useful question is which work was performed, by whom, and with what demonstrable result.

The vocabulary matters because innovation has a narrower meaning in formal measurement than in everyday argument. The OECD and Eurostat’s Oslo Manual distinguishes an invention from an innovation that has been introduced to users or brought into operation. For businesses, its central categories are product and process innovation; a product or process must differ significantly from the firm’s previous offerings or practices and be implemented. A firm can therefore innovate by adopting a method first developed elsewhere, provided it is substantially new to that firm. That does not make the firm the original inventor. The manual also distinguishes degrees of novelty, including what is new to a firm, a market, or the world.C01-2

My five activities are an explanatory map, not the OECD’s official classification. That matters in two directions. Significant improvements should not disappear because they are not discoveries new to humanity; equally, an ordinary purchase, routine adjustment, or rise in sales should not automatically be promoted to evidence of technological leadership. A precise description may sound less dramatic. It also tells us more.

Consider a hypothetical factory that buys a machine developed overseas and follows its supplier’s instructions exactly. The purchase shows access to equipment and the adoption of a technique. If the machine represents a substantial change from the firm’s previous process and is actually put to work, a statistical survey might classify it as a new-to-firm process innovation. That classification says nothing about who invented the machine. Now suppose engineers discover that the supplier’s recommended settings produce an unacceptable number of rejected units under local conditions. They develop a control method that significantly improves output and put it into routine use. The foreign origin of the equipment is unchanged, but the firm has made a further process improvement that deserves examination on its own terms.

This is an analytical illustration, not a report about a particular factory. To substantiate the second claim, an investigator would need production records, comparable periods, a consistent quality threshold, the cost of the change, and evidence that the new method was implemented. A reported reduction in defects could conceal a looser specification or the rejection of difficult orders. The improved process might also raise a separate question about patent rights. Categorizing the achievement does not settle its value or legality; it shows what must be checked.

The history that made the copycat image plausible should now be restored in full. China’s export-oriented expansion depended heavily on foreign demand and the movement of knowledge across borders. Multinational firms contracted with Chinese manufacturers, established ventures, and supplied technology. Domestic producers learned to meet the tolerances, delivery schedules, and quality requirements of distant buyers. Governments developed infrastructure and sometimes structured access to large domestic markets in ways that encouraged foreign companies to transfer know-how. Workers and engineers moved among firms; suppliers developed capabilities in response to demanding customers. For some enterprises, the initial task really was to reproduce an established product faithfully. A story that begins here need not be dishonest. A story that cannot proceed beyond here will be incomplete.

Foreign investment is not a magical transfer of mastery. Ownership, permission, equipment, drawings, and the ability to solve new problems are different assets. A foreign company may retain control over a sensitive component while contracting out assembly. A license may permit manufacture but restrict further use of the design. A joint venture may develop local engineering capacity while keeping the critical research function at a foreign parent’s headquarters. Employees may learn much from operating a production process yet remain unable to redesign its underlying machine. Technology moves through contracts and equipment; practical understanding also has to be acquired through people, experimentation, repeated work, and the ability to use the resulting knowledge. How much passes through each channel depends on the arrangement.

High-speed rail gives this distinction a documented setting. Chinese train manufacturers entered technology-transfer contracts with established foreign suppliers during the industry’s early development. Economists Yatang Lin, Yu Qin, and Zhuan Xie studied what happened beyond the companies that directly received that technology. Using patents, productivity, and revenue, they found localized gains among nearby firms, particularly those working with technically similar knowledge. Their study identifies an important condition for diffusion: a recipient must possess enough related expertise to absorb what arrives.C01-3

The starting technology was foreign. That fact cannot be erased by later patents, and a license did not necessarily transfer every trade secret or future right. The contractual terms may have benefited both sides in some respects while reflecting unequal bargaining power in others; the individual agreements have not been independently examined here. The study’s contribution is more specific. It finds measurable activity beyond the direct recipients and indicates that technological similarity, rather than ordinary supplier relationships alone, helps explain where spillovers appeared. Knowledge traveled, but not everywhere or equally.

The study does not establish that every patent represented fundamental research or that every nearby firm’s growth arose solely from the imported technology. Its results concern particular firms, places, years, and measures. Their mechanism is nevertheless instructive. Imported designs can introduce a cluster of related technical problems that neighboring firms are equipped to recognize. Skills acquired on one project may help a firm tackle another involving similar tolerances or materials. In the researchers’ account, this ability to recognize and use outside knowledge helps explain the pattern of spillovers. Transfer created an opportunity for learning, not a guarantee of independent mastery.C01-3

The World Bank’s 2019 study of China’s high-speed rail development broadens the frame to the planning and delivery of a large transport system. Its account examines the arrangements that made extensive construction possible and the considerations facing other countries contemplating comparable investments.C01-4 Trains also require organizations able to integrate, operate, and maintain equipment over time. That achievement must be assessed alongside questions about costs, financing, and whether particular lines attract enough passengers. The shift from obtaining technology to maintaining a working system is consequential, but it is not evidence that every part of the system was invented domestically.

What travels from rail to other industries is a question about mechanisms, not a claim that all manufacturing skills are interchangeable. Every difficult factory must establish acceptable tolerances, compare materials from suppliers, detect failures before they multiply, and respond when a once-stable process changes. These routines may require new instruments, redesigned parts, or a different sequence of operations. Experience in one field helps another only when there is a usable technical connection and people or institutions able to carry the knowledge across. A common location, however dense its industrial landscape, does not accomplish that transfer by itself.

Battery-cell production brings the less visible work into focus. A promising chemistry can perform well in laboratory tests yet prove difficult to manufacture consistently. Producers must control materials, contamination, moisture, and electrode conditions. After assembly comes formation: controlled early charging and discharging that helps establish the cell’s internal operating conditions. A 2024 review in Energy & Environmental Science explains that formation influences lifetime, safety, performance, energy use, and manufacturing cost. It consumes time, and the appropriate procedure depends on the cell’s materials and design.C01-5

The review is a study of the manufacturing process, not a report on a named Chinese factory or a claim that Chinese firms invented formation. Take the following comparison as hypothetical. Two production lines use the same licensed cell design, but one cannot carry out formation consistently. More cells may fail to meet specifications, testing may become expensive, and the line’s usable output may fall. Improving the procedure means balancing competing demands: shorten it without damaging cell life, identify defects without discarding sound cells, and keep its throughput consistent with the rest of production. Speed alone does not establish progress if cells deteriorate sooner; superior quality may still be uneconomic if the procedure consumes excessive time or electricity.

What would count as new knowledge here? Engineers might learn, through documented tests, that a particular sequence produces a more stable result for a specified cell design. They might design instrumentation that detects a fault earlier. They might discover that a material substitution demands a different processing window. If those findings produce a significant implemented change, process innovation has occurred. If they merely follow the supplier’s unchanged procedure, the achievement is reliable production and perhaps adoption, with no demonstrated independent invention. Both require skill. They answer different questions. The distinction matters because a company can become commercially formidable through manufacturing expertise while remaining dependent on external research for a crucial material or piece of equipment.

The knowledge gained on a production line is not a national research system. One successful plant says nothing conclusive about university autonomy, the enforcement of patents, or the ability of laboratories to pursue uncertain scientific ideas. Shipment volume cannot establish a breakthrough in materials science. Nor does learning always begin on the factory floor: new research or an ambitious product design may be needed before a production problem is worth solving. Research, design, manufacturing, and markets can reinforce one another, but none proves the excellence of the others. The institutional questions raised in 2014 therefore remain relevant even when industrial learning can be demonstrated.

The incentives may even pull in different directions. A profitable incumbent technology can make cost reduction and reliability improvements more attractive than a distant, uncertain research program. The 2014 authors identified the rewards of incremental advance as a possible obstacle to breakthrough innovation.C01-1 For a firm, choosing predictable returns may be entirely rational. Across an economy, however, repeated avoidance of uncertain work could leave important capabilities undeveloped. Mastery of yesterday’s process cannot replace every kind of research needed for tomorrow’s products.

Incremental improvements can also finance research, draw skilled people into an industry, and expose problems that require new scientific work. Manufacturers operating at volume encounter failures too rare to be visible in a small laboratory; customers may ask for features existing methods cannot deliver. The relationship is contingent. An institutional constraint can remain consequential while an industry develops capacities through channels that constraint does not wholly close. Neither the 2014 concern nor the case for learning becomes stronger when the other is reduced to a caricature.

The same care is needed when discussing the part of the historical record that the language of learning can too easily sanitize. Technology has owners, legal protections, confidential information, and contractual boundaries. A licensing agreement may authorize a specified use; it is not blanket permission to duplicate the rights holder’s entire portfolio. Employees can carry general skill to a new employer, but taking a protected trade secret is a different matter. Some technology-transfer arrangements have been criticized as occurring under pressure rather than through genuinely free bargaining. A rigorous account cannot convert every contested transaction into voluntary collaboration merely because the resulting industry learned something.

In March 2018, the Office of the United States Trade Representative published Section 301 findings that identified, in the agency’s assessment, Chinese policies and practices pressuring technology transfer through investment and joint-venture requirements, administrative procedures, licensing restrictions, and unauthorized access to commercial information. These were findings of a U.S. trade investigation, not a court judgment about every Chinese company’s conduct. China’s Foreign Investment Law, adopted in 2019 and effective January 1, 2020, subsequently prohibited administrative authorities from forcing technology transfers and included protections for foreign investors’ intellectual property and trade secrets. Its text establishes a legal commitment; it does not establish that every later transaction complied with the law.C01-6

Neither document should be used as a substitute for a particular case. A technology-transfer agreement may be valid, disputed, pressured, or unlawful depending on the evidence and relevant law. The national government, a private Chinese company, a foreign multinational, a Taiwan-based manufacturer, and individual employees are not interchangeable actors. Assigning responsibility accurately is more laborious than saying that an entire country copies. It also gives real complaints their proper weight. Where appropriation is established, the injured rights holder’s loss and the consequences for incentives to invest deserve serious attention. Industrial competence acquired through an unlawful act does not make that act legitimate.

One semiconductor prosecution shows why identifying the actor and the outcome matters. In October 2020, United Microelectronics Corporation (UMC), a foundry headquartered in Taiwan, pleaded guilty in the United States to one count of receiving and possessing a stolen trade secret related to Micron’s memory technology. It agreed to pay a $60 million fine and cooperate with prosecutors in the case involving its codefendant, Fujian Jinhua Integrated Circuit, a state-owned company based in mainland China.C01-7 UMC’s plea resolved the charge it admitted. The plea alone did not establish guilt for the other defendant.

In February 2024, following a nonjury trial, a federal judge found Fujian Jinhua not guilty of the trade-secret charges, Reuters reported from the court record.C01-8 The two outcomes must be allowed to coexist. Fujian Jinhua’s acquittal does not erase UMC’s guilty plea; UMC’s plea does not turn Fujian Jinhua into a convicted company. Nor does the word China accurately identify the corporate defendant that admitted the offense: UMC is headquartered in Taiwan. An account that collapses different organizations into one national actor cannot even state this case correctly.

The case cannot determine whether all development in China’s memory industry involved unlawful acquisition or how competitive a particular product became. Those questions require their own evidence. It shows instead that intellectual-property misconduct can be documented without treating an allegation against another party as a conviction. Real complaints should not be brushed aside as geopolitical rhetoric; neither should their existence authorize a conclusion about an entire country’s firms. Responsibility belongs to identified actors, conduct, rights, and findings.

The temptation to overread evidence also affects the positive case for innovation. A patent application records a claimed invention, not the demonstrated value of a finished product. A research paper reports work for scholarly assessment; it does not establish reproducible, economical manufacturing. A prototype may function under controlled conditions and fail in ordinary service. A launch may depend on subsidies, imported components, or demand that proves temporary. Each is potentially meaningful evidence. None answers a question it was not designed to measure.

The Oslo Manual adds an important distinction. A significant, implemented process can count as innovation even if it is new only to the firm adopting it. The manual does not require the innovation to succeed commercially or confer a social benefit.C01-2 A company may introduce a genuinely different process and lose money; an inventive service may create harms. Measurement identifies the kind and degree of change. Profitability, durability, safety, and the distribution of benefits remain separate inquiries.

The familiar label often hides all of these distinctions. It can make a licensed manufacturing arrangement sound like theft, although permission was negotiated. It can conceal documented infringement beneath admiration for the resulting product. It can give a laboratory inventor sole credit for a product that required substantial engineering elsewhere, or dismiss engineers who solved a serious process problem because the original design came from abroad. None of these questions can be settled by the label. Each demands evidence about a different activity.

There is also a geographical mistake embedded in many casual versions of the story. A phone assembled in mainland China may be designed by a firm headquartered in the United States and contain components designed or fabricated in Taiwan, South Korea, Japan, or elsewhere. A multinational may employ Chinese engineers who contribute to a globally owned patent. A Chinese-owned enterprise may manufacture abroad. Work done inside China’s borders and the legal ownership of the resulting technology are not identical. The classification must follow the actual institution and transaction. A national account can be useful when it measures employment, production geography, policy, or dependence; it becomes misleading when it quietly changes the definition of ownership midway through the argument.

Consider the other end of production. A firm may adopt an invention developed overseas and reduce the finished product’s cost enough for many more people to use it. Its contribution to diffusion may be substantial without changing where the scientific discovery originated. The inventor’s claim remains; so does the work of the organization that made the product accessible. Patent rights, commercial returns, and practical impact need not belong to the same institution or country.

Adaptation also has a more demanding side than the word suggests. A product made for a wealthy niche may not work at a price customers elsewhere can pay. Redesigning it may require changing the bill of materials, rethinking repair, reducing energy use, or combining functions once offered separately. Some of these choices lower quality. Others create a product with a different and legitimate balance of attributes. Determining whether such work is innovative means specifying what changed and for which users. A low price achieved by unsafe shortcuts is not the same achievement as a low price achieved through a new, reliable production method. Without an account of quality and consequences, the sales number can flatter the producer while telling the reader very little.

Markets and institutions complicate the picture further. A large customer base can reward small modifications quickly, but it can also encourage short-term imitation or duplicate investment. Governments may provide infrastructure, training, and research support while imposing constraints on inquiry or steering money toward unsuccessful projects. Competition can expose weak products and at the same time drive ruinous price cuts. Universities may educate engineers without giving a particular laboratory the freedom or funding required for basic research. Saying that institutions matter is only a beginning. An explanation has to specify which arrangements affect which kind of work, and how.

Dychtwald’s May–June 2021 Harvard Business Review article supplies a useful contrasting mechanism. It traces an advantage to consumers accustomed to adopting and adapting to new products rapidly, while acknowledging the earlier importance of producing foreign innovations.C01-9 His interest was the commercial impact of responsiveness to demand. This was a different author’s account, seven years after the 2014 piece, not a withdrawal of Abrami, Kirby, and McFarlan’s institutional criticism. A highly adaptive consumer market can coexist with barriers to particular kinds of frontier research.

Read together, the articles establish the need for distinctions rather than a tidy reversal. The 2014 authors raised questions about institutions and incentives for breakthroughs; Dychtwald emphasized adoption and the commercial effects of rapid change. Neither article, by itself, determines who invented a given component, whether a transfer was lawful, how much a factory improved, or whether a research finding can reach the market. Their different subjects reveal why innovation is an unstable measure until its meaning, actor, and evidence are specified.

A skeptical reader can now ask more useful questions. When a new high-speed train appears, which designs were licensed, what changed, and who owns the relevant rights? When a battery maker announces a cost reduction, did it improve chemistry or manufacturing, gain purchasing power, accept lower margins, or change its accounting? Does a semiconductor patent cover a technique used in a product anyone can buy? In an infringement case, who was accused, what was alleged, and what did a court actually decide? These are questions about evidence and responsibility, not tests of loyalty to a country.

An industrial history can begin with technology invented elsewhere and develop in several directions. Transfer may create enduring dependence if critical rights, tools, or research stay outside the recipient’s control. It may also support useful advances in production or commercialization. Licensed acquisition, original invention, ordinary imitation, substantial adaptation, and unlawful appropriation can all occur within the same broad economy. Treating that mixture as a single national identity makes its genuine achievements and failures harder to understand.

The copycat image took hold because it reduced visible features of China’s earlier industrial development to a memorable verdict. Its weakness appears when a description tied to particular dates, institutions, and technologies becomes a permanent identity. The point is not to reverse the verdict. It is to keep the original evidence while asking what its categories can establish. We can distinguish an invention from its transfer, an adopted process from an improved one, production scale from the knowledge sometimes required to achieve it, and commercial success from scientific leadership. These distinctions leave the historical arguments open to scrutiny on their actual terms.

What, then, did particular observers say—and what evidence would fairly test their words?




2. Forecasts on Trial: What Was Said, What Actually Changed

In February 2014, Foreign Policy published an article describing China as an emerging innovation powerhouse. A month later, Harvard Business Review asked why China could not innovate. Seen only as headlines, the two publications seem to describe incompatible countries. David Wertime, writing in February, examined evidence of rising research investment, a growing scientific workforce, and high-technology output. The March authors were concerned with institutions and incentives for breakthroughs. A country could expand its research capacity rapidly without overcoming every obstacle to original discovery. The apparent contradiction has to be examined before it can be declared real.C02-1C02-2

The difficulty becomes sharper when a technical assessment contains a number. In September 2023, analysts at the Center for Strategic and International Studies (CSIS) described China’s leading domestic chipmaker as roughly four to five years behind Taiwan’s TSMC at an identified production generation. Their analysis also acknowledged that the Chinese manufacturer, SMIC, had made chips at that generation and questioned whether it could do so economically at scale. The number of years can sound like a prediction about 2028. The authors were primarily measuring a gap in 2023.C02-3 A dated comparison is not automatically a timetable.

Chapter 1 separated invention from adaptation, process improvements, scaling, and commercialization. Those distinctions help us identify an achievement; they do not tell us whether an earlier judgment about it was sound. That requires a forecast audit: reconstruct an identifiable statement as it was made, establish its date, object, measure, and horizon, then seek genuinely comparable evidence. The first question is whether the statement predicted anything at all.

A measurement is a snapshot, limited by its date and the boundaries of what was observed. A forecast makes a claim about an unobserved outcome. A statement about a firm’s current manufacturing process does not become a forecast merely because someone later repeats it as proof of an inevitable future. A claim that a barrier will remain in place through a named year, by contrast, invites a test when that year arrives. The difference is not rhetorical: it determines what the evidence must establish.

A reproducible audit needs four records. Identify the speaker, the original wording, the publication date, and relevant qualifications. Identify the object and metric: a company, manufacturing process, model, institution, performance threshold, or share of capacity. Record the reference date and any forecast horizon; an observation made in 2023 and a claim about 2030 do not have the same burden of proof. Finally, compare the claim with a later result using the same unit, population, geography, and threshold, and record what cannot be determined. A headline chosen because it makes an appealing rebuttal is not a substitute for that final step.

This procedure creates several possible findings. An observation may have been accurate when published. A forecast may have reached its horizon, or its stated conditions may never have occurred. An interpretation may resist testing by a single measurement. The original wording may be unavailable. An undefined metric weakens a forecast, but does not prove its opposite. Where only a publisher’s summary survives access restrictions, we may audit the summary, not invent the contents of the full article. An alleged historical error must withstand a faithful reconstruction of the source before it becomes part of the story.

The March 2014 Harvard Business Review article supplies a useful first investigation precisely because its title seems to offer an unusually easy target. Regina M. Abrami, William C. Kirby, and F. Warren McFarlan published “Why China Can’t Innovate.” The publisher’s original issue archive, however, frames the article as a question about China’s ability to become a leading innovation economy. It recognizes existing entrepreneurship, wealth, market demand, research programs, and high-technology initiatives. Its central concerns include institutional controls and the incentives that lead companies to concentrate on lucrative incremental improvements. It explicitly allows that China has innovative potential. These are claims and questions more specific than the headline’s apparent prohibition.C02-2

The full 2014 article was not accessible for this examination. Its publisher’s issue summary and publicly available opening therefore set the evidentiary limit. They establish the headline, authors, date, and qualified institutional argument; they do not authorize me to manufacture a sentence from an inaccessible page predicting that China would never produce a named technology. Losing such a convenient adversary is an acceptable price for knowing what the record actually says.

What would a test of the accessible argument require? If the proposition is about the incentives facing a firm, the relevant evidence concerns how that firm allocates resources among reliable improvements, uncertain research, and the development of an original product. If the proposition concerns university governance, one would investigate institutional independence, research conditions, and the work they make possible or prevent. A growing patent count may be relevant to output, but it cannot establish that a university is autonomous. A commercially successful electric car may contradict a sweeping statement that Chinese enterprises cannot produce useful innovations. It cannot, without further evidence, establish that the incentives described by the 2014 authors disappeared. The same object must remain under examination from beginning to end.

The headline also contains a logical trap. Cannot suggests a boundary; an argument that current institutions make something difficult describes obstacles and mechanisms. A later invention might contradict a literal assertion of incapacity without showing that the underlying institutional obstacles vanished. The accessible archival record supports treating the March article as a critique of institutions and incentives, with questions about future capability—not as a verified wager that no Chinese breakthrough would occur by a particular year. The headline is more categorical than the proposition this audit can responsibly test.

The article’s appearance in 2014 did not mean American or European commentators spoke with one voice. On February 7 of that year, David Wertime published “It’s Official: China Is Becoming a New Innovation Powerhouse” in Foreign Policy. His article discussed a U.S. National Science Board report documenting China’s growing research investment, expanding high-technology industry, and scientific workforce. It acknowledged the United States’ substantial existing research capabilities while presenting China’s catch-up as a development already worth taking seriously. The piece also reported caution from National Science Board officials about China’s ability to translate discoveries into products.C02-1 This is a contemporary alternative, not a later writer claiming to have been wise after the outcome was visible.

Wertime’s title, too, needs restraint. An increasing research budget cannot itself certify a world-first scientific achievement. A high-technology output statistic may include products assembled for foreign companies; a country that manufactures a device need not own all its intellectual property. The American board members described in his report did not announce that a future national contest had been decided. The article’s significance is narrower and historically sufficient: a U.S.-based observer, writing one month before the famous Harvard Business Review headline, already saw a developing innovation system and recognized that a familiar assembly-line picture was incomplete. Any story of a uniform Western conviction of permanent Chinese incapacity is contradicted by its own contemporary archive.

Two more dates prevent the magazine comparison from becoming a false conversion story. In 2017, a Center for Strategic and International Studies commentary by William A. Carter wrote that China and others were catching up in artificial intelligence, and warned that competition in the field required attention. That was a contemporaneous assessment of a changing capability, not a retrospective discovery following DeepSeek. In May–June 2021, Harvard Business Review published Zak Dychtwald’s “China’s New Innovation Advantage,” emphasizing the commercial force of rapid consumer adoption. Dychtwald was not one of the three 2014 authors. The second magazine article cannot be treated as their retraction, and Carter’s concerns cannot be turned into an endorsement of every later technological claim.C02-4C02-5

The first case therefore ends with a distinction, not an acquittal or conviction of the authors. The available summary does not support reading its headline as an unconditional claim of national incapacity. Its institutional questions require evidence about particular organizations and incentives. Contemporary U.S. commentary already recognized China’s growing research system, making any account of unanimous Western pessimism untenable. Nothing in this record establishes that the three HBR authors made a precisely dated forecast about a future chip or AI model. To judge that imagined forecast would be to put words in their mouths.

A chip seems a less elusive object than a magazine headline: it can be taken apart and examined. Yet even the word chip conceals several different comparisons. The process used to fabricate a processor, the proportion of usable chips produced, the price per working chip, and the volume a factory can sustain are not interchangeable measures. A physical artifact can settle one of those questions while leaving the others open.

Take the Huawei Mate 60 Pro, introduced in 2023. TechInsights examined its Kirin 9000s processor and identified fabrication by Semiconductor Manufacturing International Corporation, the mainland Chinese foundry usually called SMIC. The technical analyst classified the process as SMIC’s second-generation seven-nanometer-class technology, N+2, and identified a functional system-on-chip. Its public findings describe an achievement accomplished without extreme ultraviolet, or EUV, lithography equipment.C02-6 This is evidence from examination of a physical device, rather than simply the manufacturer’s intended roadmap. It supports the existence of an advanced chip fabricated by SMIC and found in a sold phone. It does not tell us the cost of every functional die made during production or how much unused capacity the plant possessed.

That difference determines how the September 26, 2023, CSIS assessment should be read. Matthew Schleich and William Alan Reinsch described SMIC’s limited earlier production of seven-nanometer chips, the move to a more demanding smartphone processor, and doubts about sustainable scale using deep ultraviolet, or DUV, equipment. Their comparison put SMIC roughly four to five years behind TSMC at the relevant seven-nanometer production generation. The authors did not announce that the Mate 60 Pro proved SMIC had matched the Taiwanese company. Nor did they deny the existence of the chip found inside it.C02-3

Before treating their estimate as precise arithmetic, one historical detail needs correction. The CSIS authors say TSMC had scaled seven-nanometer production by 2019. TSMC’s own published technology history dates the start of volume production for its N7 process to 2018.C02-7 That discrepancy changes the starting year for any exact calculation, though it does not erase the analysts’ broader point that SMIC reached the process generation later. ‘Four to five years’ is an approximate historical comparison, not a universally standardized physical measurement.

Three distinct propositions are now visible. SMIC could fabricate an identified seven-nanometer-class smartphone processor in 2023: the independent examination supports this. SMIC could manufacture comparable chips at TSMC-like yields and cost: the examined processor alone cannot establish that. The distance between the two firms would remain unchanged for years: neither the teardown nor the CSIS snapshot proves it. A declaration of complete semiconductor independence would jump from the first proposition to the second and beyond. Treating a measured lag as a permanent law would commit a similar leap in the opposite direction.

Production economics cannot be read from the surface of a single chip. A semiconductor wafer contains many copies of a circuit, and some fail testing. Yield is the proportion that meet the required specification. Cost per usable chip depends on yield, wafer cost, die size, process steps, equipment time, utilization, and other variables. A working processor establishes the feasibility of a manufacturing route. It does not show that a foundry can supply thousands or millions of processors at a price and reliability that attract customers. Demonstration and competitive production require different tests.

A process label adds a second complication. Nanometer node names are commercial generations, not interchangeable readings of one transistor dimension. SMIC’s N+2 and TSMC’s N7 can both be described as seven-nanometer-class processes without being equivalent in transistor architecture, density, libraries, power consumption, or manufacturability. TSMC did not freeze its technology while SMIC worked on N+2. Its published record places five-nanometer volume production in 2020, three-nanometer high-volume production in 2022, and the start of two-nanometer high-volume manufacturing in the fourth quarter of 2025.C02-7 A challenger can reach a generation the incumbent previously occupied while the incumbent has moved on. The gap measured in process-generation history and the gap measured in a customer’s present options will not be identical.

The CSIS caution retains substance. Access to suitable lithography equipment, process control, accumulated experience, customer confidence, and the economics of large chip designs cannot be settled by one working processor. A difficult DUV route demonstrates manufacturing skill under a constraint; it does not establish that SMIC owns a domestically made EUV scanner, or that any such scanner matches an established supplier’s commercial performance. Equipment, process capability, yield, and profitability need separate evidence. The later manufacturing chapters will examine these barriers directly. Here they clarify exactly what the 2023 assessment did and did not claim.

An earlier projection makes the semiconductor file even more instructive. In August 2022, research firm TrendForce forecast that China would account for approximately 1 percent of global capacity at seven-nanometer-and-below processes by 2025. The same release already recognized that SMIC had successfully mass-produced seven-nanometer-class products and identified the availability of DUV equipment as a risk for further expansion. TrendForce therefore did not predict that China could make no seven-nanometer chips. Its claim was about a projected share of capacity across a specified process range and year.C02-8

The 2023 TechInsights teardown cannot decide whether that projection came true. It identifies the process used for one processor, not China’s 2025 share of worldwide installed or usable seven-nanometer-and-below capacity. TSMC’s annual report describes its own operations and revenues, not the complete global denominator in TrendForce’s forecast. An estimate that includes fourteen- or sixteen-nanometer production, or measures output instead of capacity, would introduce a new definition halfway through the test. The capacity forecast remains unresolved on the verified comparable evidence. A retrospectively measured series using the original denominator could change that status; the sources established here do not provide it.

Notice what this unresolved finding preserves. TrendForce’s original report both anticipated a small Chinese share of the most advanced manufacturing capacity and acknowledged domestic seven-nanometer production. Its reasoning contained a bottleneck and an opening. A simplified retelling in which a surprised foreign research firm declared Chinese seven-nanometer manufacturing impossible would invert the record. The projection itself might later prove inaccurate, but we must not manufacture the inaccuracy with the wrong denominator. An audit can teach something decisive about a misleading retelling even when it cannot decide the numerical forecast.

The moving frontier makes the problem more demanding still. Suppose a manufacturer advances from an older commercial generation to a seven-nanometer-class process after a period of restricted equipment access. Has its technological position improved? Yes, on the specific dimension of demonstrated domestic process capability, assuming the source establishes the process rather than reporting an aspiration. Has it caught the industry frontier? No inference follows without comparing contemporary production, cost, and customer requirements. Has it reduced vulnerability? It may have gained an option, though the option could still rely on foreign machinery and materials. None of these results is a paradox. They describe separate dimensions that an imprecise headline might collapse into one.

Here the mechanism behind an erroneous forecast becomes visible. An observer may know that a company lacks access to a particular tool and infer that the relevant process cannot be developed at any meaningful level. That inference requires evidence that all alternative routes are technically or economically unavailable. An engineer may instead use an older machine with additional processing steps, accepting higher cost or complexity. The route may be commercially uncompetitive, restricted to selected products, or too difficult to extend. But its existence can still falsify a literal claim of physical impossibility. To test a claim about competitive mass production, by contrast, the alternative route has to satisfy yield, throughput, cost, and demand thresholds. The two tests should never be swapped after the result is known.

CSIS’s more detailed 2023 follow-up supplies a useful counterweight to the notion that American analysis was blind to this engineering possibility. The center reported that SMIC was producing and selling seven-nanometer chips by July 2022 at the latest, possibly earlier, and explained that DUV could be used as an alternative to EUV for that production generation. It distinguished the earlier, relatively specialized mining chip from the more complicated smartphone processor, and acknowledged improvements in SMIC’s manufacturing skill. It also described substantial foreign equipment and expertise still present in the supply chain, together with uncertainty about efficient scale.C02-9 The document contains an account of learning under constraint and an account of remaining dependence. They belong in the same history.

The semiconductor archive thus resists the familiar reversal in which experts declare a technology impossible, a new phone proves them wrong, and a country suddenly reaches the frontier. Some of the original analysts knew about earlier seven-nanometer production and described plausible routes to further development. The processor supplies a concrete later result; factory economics and the moving frontier preserve important uncertainty. The 2025 worldwide-capacity forecast remains untested on a matching measurement. The more clearly demonstrated problem is what happens when someone repeats a dated, qualified estimate as though it established an enduring ceiling.

Artificial intelligence introduces a different difficulty. Semiconductor production at least leaves a physical device to examine, although its cost and output remain elusive. With AI, even the object being compared can change: a laboratory evaluates one model, then releases another; benchmarks alter their test sets or scoring; a public chatbot combines the underlying model with tools and service settings. Reliable comparison is possible, but a claim that one nation’s AI is a fixed number of years behind another’s requires a method that survives those changes.

In 2023, the public shock produced by ChatGPT and GPT-4 brought this difficulty into the open. A March 27 South China Morning Post report described two Chinese technology executives offering very different estimates. Baidu founder Robin Li characterized his company’s Ernie chatbot as approximately one or two months behind an earlier ChatGPT level, according to the report; Zhou Hongyi of Qihoo 360 placed Chinese large-language-model technology about two or three years behind GPT-4. They were describing different referents. One compared a particular company’s product with a prior version of ChatGPT. The other offered a broader estimate relative to GPT-4. The published news report makes the divergence observable, but without verified full original remarks and a common benchmark it cannot make the two quantities directly comparable.C02-10

The word behind needs a reference point. Behind which release, on what tasks, and by which definition of equivalent capability? A time gap might be computed from the date at which another model achieved the same score. It might instead be an executive’s informal comparison with an older product. Robin Li’s estimate and Zhou Hongyi’s estimate use different referents and came through a news report, not a common evaluation protocol. Their disagreement is historically significant; it is not a calibrated measure of national technological distance or an unconditional forecast of future models.

Stanford University’s AI Index provides a more reproducible comparison because it identifies benchmark families and dates. Its 2024 report counted 61 notable AI models from U.S.-based institutions in 2023, compared with 15 from Chinese institutions. Those were counts of models the report classified as notable, not percentages of the world’s AI expertise. The count could demonstrate a difference in the reported production of a defined category. It did not measure the performance gap on an individual task, the cost of training, the supply of advanced chips, or the ability of Chinese developers to make a competitive model in 2025.C02-11

The 2025 AI Index gave a different kind of evidence: top U.S. and Chinese models’ performance on specified tests. It reported that at the end of 2023 their gaps were 17.5 percentage points on MMLU, 13.5 on MMMU, 24.3 on MATH, and 31.6 on HumanEval. By the end of 2024, the corresponding differences had narrowed to 0.3, 8.1, 1.6, and 3.7 points. Those paired observations have the same named benchmark families within a retrospective series. They support a clear conclusion that the measured performance distance closed sharply across several tests during the reported interval. They do not say a Chinese company built an equally extensive data-center network, that every model on the Chinese side matched its American counterpart, or that the change resulted from one policy.C02-12

One can select Stanford’s 0.3-point MMLU difference to tell a story of convergence, or its 8.1-point MMMU difference to emphasize a remaining separation. Both are in the same snapshot. Average benchmark scores also conceal differences among tasks, languages, and use cases, as well as limits of the evaluation itself. Model performance does not settle a commercial service’s reliability or its suitability for medical, legal, or security-sensitive work. A claim about MMLU can be tested on MMLU; a claim that an entire AI industry lags in every important respect cannot be decided by a few scores.

The 2026 AI Index extends the investigation without closing every uncertainty. In its April 2026 report, Stanford said top models from the United States and China had exchanged positions more than once since early 2025; on its reported frontier comparison, the leading U.S. model was ahead by 2.7 percent as of March 2026. It separately reported that U.S.-based institutions produced 59 notable models in 2025, compared with 35 from China-based institutions. The performance series, model count, and data-center infrastructure are separate measurements. A competitive result in the first does not erase the difference in the second or equalize the third.C02-13

Another official evaluation provides an essential check on how far such a result can be generalized. In May 2026, the U.S. National Institute of Standards and Technology’s Center for AI Standards and Innovation reported that, on its suite of 16 benchmarks covering 35 models, DeepSeek V4’s capabilities lagged its estimated frontier by about eight months. The agency used a fitted capability measure over specified domains and tested results that included nonpublic benchmarks. Its comparison is not the same metric as Stanford’s March leader-to-leader percentage. Both can be accurately reported without either replacing the other. The NIST report also found DeepSeek’s model more cost-efficient than selected U.S. reference alternatives on some, but not all, of its cost comparisons.C02-14

These two official analyses are not necessarily in conflict. NIST’s estimate of months comes from a fitted capability measure based on specified tests and model results; Stanford’s percentage comes from its own frontier comparison. Their models, dates, benchmarks, and methods differ. A model might approach the leader on one public comparison yet fall farther behind on held-out tasks, while costing less on several workloads. What would be an error is converting Stanford’s 2.7 percent directly into NIST’s eight months, or using either figure as a measurement of the whole national AI system.

The AI case allows a definite but bounded finding. Stanford recorded a sharp narrowing on the named tests between the end of 2023 and the end of 2024. Its later frontier comparison showed a small specified performance gap in March 2026, alongside different counts of notable models. NIST’s separate evaluation identified a larger residual capability lag for DeepSeek V4 under its methods. The March 2023 executives’ remarks cannot be judged as precise forecasts: the available reporting supplies neither a shared benchmark nor a defined future outcome. The convergence is documented. A story that an identified speaker predicted permanent, universal inferiority—and was conclusively disproved—requires an original statement not established here.

The temptation to exaggerate is strongest when history offers a vivid result. Investigators may work backward from a new chip or model to find an earlier sentence that sounds dismissive. Qualified assessments with still-relevant warnings attract less notice; contemporaries who anticipated change disappear. A headline stands in for an article, a measured lag becomes a permanent promise, and a prototype is offered as the answer to an industrial-capacity forecast. The narrative grows more satisfying as its distinctions vanish.

There is a more demanding way to look for a forecasting error. Find the dated original statement before choosing the later result that will judge it. Record the original denominator and the information then available. Ask what other outcomes its argument allowed. Only afterward bring in evidence from the specified horizon. If the author said that a foundry had limited production capacity in 2023, a larger capability in 2026 may show improvement while leaving the old observation intact. If the author predicted that a named threshold would remain unreachable through 2025, documented achievement of that exact threshold in 2025 could disconfirm the prediction. If the author predicted a particular share of worldwide capacity but the only new information is a teardown, the case remains unresolved. The apparent severity of the original wording is irrelevant until the terms are matched.

This method also preserves a real possibility of underestimation. A sound observation can be embedded in poor reasoning about the future. An analyst might correctly locate the incumbent’s present advantage and then assume that the challenger must acquire every piece of the incumbent’s equipment before it can make useful progress. That conclusion may neglect imperfect alternatives, product redesign, and the feedback from repeated production. Another might correctly identify the difficulty of basic research while ignoring adaptation and commercialization, as though the economic effects of a technology begin and end with its initial invention. If the claim had a horizon and the observed outcome later contradicts it on the same terms, the forecast has failed
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