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 Introduction

Knowledge, Institutions, and Economic Progress

A page of history is worth a volume of logic.
— Oliver Wendell Holmes (1921)

 Economists, regardless of their orientation, are part of a quest to understand the 
wealth and poverty of nations, and few would dispute that technological change 
is one of the most significant determinants of societal development. Technology 
dominates all facets of modern life from corporate enterprise to popular culture. 
The celebrated opening sequence from the movie 2001: A Space Odyssey offers 
a “striking” metaphor for technological progress. A group of primates are en-
gaged in battle, and the victor wields a heavy bone as a weapon to vanquish his 
opponent. He tosses the bone in the air in triumph, and the jump shot follows 
its transformation into a modern spaceship. This director’s cut of technolog-
ical advances suggests a continuous transition from the simple manipulation of 
natural resources to the complex combinations of digital inputs that allow poor 
farmers with cell phones in remote areas to tap into international grain markets.

However, in New England we do not have to reverse that tracking shot and 
travel back in time to acquire insights into the world that technology has wrought. 
Maine in particular endures harsh winters, with frequent snow and ice storms 
that can down power lines for days or even weeks. When the electricity goes off 
grid, and cell phones or computers cannot be recharged, we rapidly return to 
a premodern world. Life is reduced to the primal dilemmas of keeping warm, 
finding food, and ensuring that the water runs through frozen pipes. Of course, 
compensatory benefits include a keener appreciation of human interactions 
unfiltered by distracting or divisive technologies. These wintry storms offer a 
sobering seasonal reminder that progress is not destiny, and material gains can 
be reversed as rapidly as they were attained.

Indeed, for much of human experience, the struggle for subsistence and bio-
logical replication was accomplished with little leeway for productivity advances 
or improvements in the quality of life. A time series chart of economic gains per 
person over the millennia would be indistinguishable from a flatline of “secular 
stagnation.” An era of modest advances initiated in eighteenth- century Europe 
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led to gains that have been (contentiously) touted as an industrial revolution 
in Britain.1 With greater certainty, we can identify a “second industrial revolu-
tion” in the extraordinary arc of sustained growth and technological creativity 
that began in the United States in the second half of the nineteenth century and 
heralded the modern knowledge economy. The past two centuries have therefore 
been unique in world history, and a crucial charge for scholars is to identify the 
drivers of this exponential surge that has enormously enriched some countries, 
and the reasons for divergent outcomes in others. The answers are vital for our 
perspective about the future, leading to a parallel intellectual divergence between 
the optimists and pessimists, who gloomily predict the demise of economic 
growth even in wealthy countries like the United States.2

Much of the scholarly attention has been directed to the first triumph over 
subsistence and the start of modern economic growth in Northern Europe. 
Candidate explanations for European advances range from the specific (deposits 
of coal, relative wages, demographics, even genetics), to the political (civil wars, 

 1 For coverage of the debates and contentions, see Mokyr (2018).
 2 Gordon (2017).

Figure 1.1 Patentees of Progress
The celebrated American inventors in this painting are all patentees, depicted as if 
they were convened in the U.S. Patent Office building.
Source: Men of Progress, by Christian Schussele, 1862. Image provided courtesy of National Portrait 
Gallery, Smithsonian Institution.
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subjugation and exploitation of colonial empires, kings, and constitutions), to 
the general (cultural values, psychology, and the scientific enlightenment). 
A  number of popular accounts propose that differential outcomes today are 
related to fixed factors or persistent and slowly evolving long- run processes. 
Jared Diamond attributed thirteen thousand years of social development to ge-
ography and the disease environment, a thesis that echoes the writings of the 
French philosopher Charles- Louis de Secondat (Montesquieu).3 Philip Hoffman 
argues that the course of two millennia of economic changes owed to military 
prowess and gunpowder technology, because elites had an incentive to engage in 
conflicts from which they benefited, while ensuring that the costs were borne by 
the masses.4

Historical debates about why Britain was the first industrial nation also con-
trast the differential economic experience in Europe and China.5 As visitors to the 
Asia wing in major museums appreciate, that region made lasting contributions 
to cultural, organizational, and technological innovations, and its achievements 
equaled those of its Western counterparts at least through 1500. The early 
Chinese empire was spatially integrated, and the scale of the market allowed for 
specialization and the division of labor, rural handicraft and manufacturing ac-
tivities, and flourishing long- distance trading networks. China then experienced 
an extended era of divergence and stasis (or even decline) from 1800 to 1950. The 
timing and causes for this retreat from innovation and growth remain disputed. 
China lost ground and failed to industrialize along European lines for reasons 
variously identified as cultural, serendipitous lack of access to crucial natural re-
sources, differences in relative prices for inputs, legal institutions, and a lack of 
political competition. An important contributory factor was a centralized elitist 
system that ultimately protected its own vested interests at the expense of tech-
nological progress and benefits for the masses.6

Some of the most captivating (and contentious) narratives about why na-
tions succeed or fail point to the importance of appropriate institutions. Daron 
Acemoglu and Jim Robinson’s magisterial work draws on insights from the 
Roman empire, medieval Venice, Latin America, Europe, Tunisia, and the 
U.S.  town of Nogales in Arizona to make a compelling case that politics and 
inclusive political institutions that aligned with notions of distributive jus-
tice were responsible for national prosperity.7 They further highlight the spe-
cific role that “state infrastructural capacity” played in providing the conditions 
that were favorable for the creation of important technological advances in the 

 3 Diamond (1998).
 4 Hoffman (2015).
 5 These issues are admirably covered in Rosenthal and Bin Wong (2011).
 6 Brandt et al. (2014).
 7 Acemoglu and Robinson (2013).
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nineteenth- century United States.8 Outcomes in the twenty- first century, ac-
cording to this thesis, can be explained by the persistence of centuries- old polit-
ical arrangements, which have determined the distribution of power and wealth, 
and thus the potential for efficiency and growth.

Avner Greif offers a timely reminder that institutions are more complex than 
simple rule- making structures, examining patterns of medieval trade to show 
that economic modernity was related to the rise of decentralized merchant 
guilds and self- governed institutions, rather than the state and collective ac-
tion.9 Another important strand of this literature on the state and innovation 
demonstrates how societies fail to achieve their full potential when rent- seeking 
coalitions monopolize and limit access to the political and economic system. 
Rewards that are bestowed on rent- seekers rather than entrepreneurs typically 
result in a misallocation of talent that can lead to economic stagnation or de-
cline.10 William Baumol concluded that a major determinant of a nation’s eco-
nomic capacity is the incentive structure that governs and directs entrepreneurial 
efforts between “productive” and “unproductive” endeavors. He speculated that 
the misallocation of entrepreneurial efforts, which occurs when unproductive 
activities receive disproportionate returns, could have a lasting effect on patterns 
of innovation and on the diffusion of technological information.11 By contrast, a 
number of popular accounts are more vociferous about the necessity for inter-
vention by an “entrepreneurial state.”12

Stanley Engerman and Kenneth Sokoloff amassed an impressive amount 
of comparative evidence to assess why areas that were initially rich fell behind 
the North American region. They meticulously trace the ways in which factor 
endowments (broadly defined to incorporate climate, soils, and natural re-
sources) influenced growth paths, through their effects on inequality and insti-
tutional development. In unequal societies, elites maintained their power and 
redistributed wealth to their own advantage, channeled through self- serving 
rules about suffrage, access to education, political economic policies, and fi-
nancial organizations.13 Engerman and Sokoloff reject the “axiom of indispen-
sability,” or the notion that any one specific institution is necessary for growth, 
because there is substantial variation in the degree of substitutability across dif-
ferent rules and standards. These scholars conclude that a central feature of pro-
ductive social arrangements lies in whether institutions are sufficiently flexible 
and responsive to changing circumstances.

 8 Acemoglu et al. (2016).
 9 Greif (2006).
 10 Acemoglu (1995); Murphy et al. (1991).
 11 Baumol (1990).
 12 Mazzucato (2015).
 13 Engerman and Sokoloff (2005).
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Over the past three decades, Joel Mokyr has produced close to a dozen 
thought- provoking monographs that directly address the nature of technolog-
ical change and economic growth, from The Lever of Riches (1990) to the Culture 
of Growth (2016). The scope of coverage spans a dizzying number of centuries 
and societies, but the focus is squarely on Europe, because of the “fundamental 
unity of the Western world, transcending the superficial differences in na-
tional style.”14 This rich tapestry of historical and intellectual insights illustrates 
the thesis that the modern knowledge economy has its origins in the cultural 
attitudes and preferences of the European “industrial enlightenment.” A forum 
for ideas flourished during this period, where reputation, rather than expected 
financial gains, was the most valued currency. Elites and institutions such as the 
Royal Society of Arts (RSA) helped to lower the costs of access to knowledge 
and created incentives for productive inventions. A unifying theme across the 
decades in this body of work is that useful ideas are in scarce supply or exog-
enous “gifts of Athena,” and this scarcity points to the central role of exclusive 
institutions and great men (“cultural entrepreneurs” like Francis Bacon), great 
inventions (“macroinventions”), and scientific theories and techniques origin-
ating among a small select group of enlightened intellectuals.

Such questions are at the heart of more formal mathematical models of 
macroeconomists investigating “why the whole world isn’t rich,” which differ in 
their treatment of ideas, knowledge, and technology. According to the standard 
neoclassical models, growth depends on exogenous (external and unexplained) 
shocks to technology and accumulations in physical capital. Augmented exog-
enous growth models highlight the role of different sorts of human capital in 
achieving desired levels of knowledge and technology. Some of these studies are 
not as concerned about knowledge creation, because of their conviction that 
poor countries can free ride off the investments of the richer countries.15

By contrast, Paul Romer, in a series of influential papers, “endogenized” or 
tried to explain what determines variation in new ideas.16 The Nobel Prize in 
Economic Sciences for 2018 was awarded to Romer and William Nordhaus “for 
integrating technological innovations into long- run macroeconomic analysis.” 
The committee noted that their research “significantly broadened the scope of 
economic analysis by constructing models that explain how the market economy 
interacts with nature and knowledge.”17 Other endogenous growth theorists 
have similarly explored how institutions and incentives influence innovation 
and technological progress. However, for many macroeconomists, this “new 

 14 Mokyr (2002).
 15 Parente and Prescott (2002).
 16 For a sample of these works, see Romer (1990, 1994) and Aghion et al. (1998).
 17 See http:// www.nobelprize.org.
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growth theory” still remains unpersuasive owing to the mathematical properties 
of the models and the lack of empirical backing for its predictions. As a result, 
theoretical macroeconomics seems to have diverged into separate camps, with 
little prospect for convergence to a consensus about sources of the wealth of na-
tions, unified only by a Platonic perspective that real- world complexities distract 
from true insights.

In sum, the economic literature on the transformation of human civilization 
in the very long run offers valuable clues to help resolve the puzzle of the marked 
variation in material progress that is evident across countries historically, as well 
as in the twenty- first century. Some of the most stimulating scholarship in ec-
onomic history has focused on speculations about the European experience, 
and the answers to the specific question of “Why Britain?” That is, a plethora 
of publications have examined why the first Industrial Revolution occurred in 
Britain, and why other European and Asian countries failed to attain equivalent 
achievements in industrialization and self- sustaining growth. Many economic 
historians derive lessons of global significance from the “great divergence” of 
the late eighteenth century, when Britain became the world’s foremost industrial 
economy, and they identify European experiences during that era as the genesis 
of today’s knowledge economy. Despite the importance of such issues, and the 
extensive scholarly attention, as Joel Mokyr points out, we still “know remark-
ably little about the kind of institutions that foster and stimulate technological 
progress and more widely, intellectual innovation.”18

Inventing Ideas

What contributions does this book make to these debates? The research reported 
in these chapters bridges the gap between the economics of technological inno-
vation and the analysis of institutions. The current literature reveals a need to 
empirically identify the institutional sources of technological progress in the 
modern knowledge economy. To do so, a comparative approach with variation 
across time and place is required, yet the approach must be conceptualized in a 
manner that is amenable to empirical testing. Although developments in grand 
civilizations across the millennia are thought- provoking and informative, it is 
obviously difficult to control for all relevant factors. Changes in any number of 
unobservable characteristics might explain key differences, which implies that 
many of the resulting conclusions must remain largely speculative. As such, 
I  do not attempt to explain the origins of institutions, and instead choose to 

 18 Mokyr (2016: 6).
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analyze the specific economic consequences of variation in institutional rules 
and standards for individual behavior and technological change.19

The countries featured in this study— France, Britain, and the United States— 
have sequentially dominated the realms of technology and scientific learning 
over the past four centuries. France was an acknowledged early pioneer in sci-
ence and technological innovation. England borrowed ideas and techniques 
from its Continental neighbors and combined favorable resource endowments 
with domestic ingenuity to become the first industrial nation. However, scholarly 
assessments that confine themselves to intellectual leveraging of the European 
experience risk faulty conclusions about the types of knowledge that mattered, 
about the sorts of individuals who create valuable ideas, about the nature of in-
novation institutions and incentives, and about their consequences for the pre-
sent and future wealth of nations.

The story of early modern Britain is compelling, because the first Industrial 
Revolution allowed for an escape from subsistence and diminishing returns, 
but the term has been justly derided because economic advances were modest 
rather than revolutionary. Productivity was concentrated in a few sectors, and 
economic growth was unbalanced and often owed to extensive additions to re-
sources rather than greater efficiency. And, of course, the British technological 
and industrial lead proved to be transient. The true revolution in knowledge 
and industry started in the nineteenth century on a different continent, when 
the U.S.  economy alchemized ideas and inputs to produce an unprecedented 
and precipitous increase in wealth, consumption, and technical efficiency that 
spilled over to transform the lives of the general population. As such, if we wish 
to identify the most relevant sources of modern economic growth, it is necessary 
to evaluate why this time and this place led to outcomes that were so remarkably 
different from the rest of human history.

This book therefore shifts the focus of the debate about the technological 
foundations of growth to consider “Why America?” How did the United States 
overtake Europe to become the world’s technological and industrial leader, 
and why was it able to sustain this dominance into the twenty- first century? 
The twentieth century has popularly been regarded as “the American century,” 
but the foundations for the future were evident since the early Republic. All 
societies realized that ideas were essential for the attainment of their object-
ives, but there was no consensus on the goals, the means, or who should have 

 19 Technological change spans a sequence of discoveries from the initial conception of a new idea 
through its invention and improvement (reduction to practical use), innovation (initial commercial-
ization), adoption, and diffusion. Casual discussion tends to incorporate all of these elements into 
the catch- all term of “innovation.” These distinctions matter for measurement and analysis, espe-
cially for understanding patented inventions and prize innovations. I have continued this conflation 
for rhetorical reasons but, when relevant, will specify which particular aspect is being discussed.
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access to knowledge, and this measurable variation is valuable for identifying 
the determinants of technological change and social progress. U.S.  incentives 
for innovation were strikingly different from those in Europe, and this institu-
tional divergence influenced the extraordinary trajectory of this relatively un-
distinguished colonial outpost that would surge to the forefront of the global 
economy.20

A second contribution of this research project consists of a novel conceptual 
framework that allows us to bridge the current disconnect between institutional 
economics and the empirical analysis of technological innovation. Generally, 
economists regard institutions as the rules and standards that govern human be-
havior, and the specific design of innovation institutions creates incentives for 
economic and inventive activity. Institutions are pivotal for economic outcomes, 
but their complexity has challenged scholars who wish to more precisely gauge 
their nature and consequences. There is a marked need for systematic empirical 
research to examine the links between specific rules and standards and innova-
tion, especially in terms of international comparisons of technology policies over 
the long run. The empirical gap is especially evident in research that addresses 
the role of such “meta- institutions” as the state in shaping innovation.21 As a re-
sult, many influential studies rely on potentially biased or unrepresentative case 
studies and qualitative generalizations. This book offers a conceptual and em-
pirical solution to this dilemma, by distinguishing between markets for ideas 
(discussed later) and administered innovation systems.

Administered systems refer to arrangements where economic decisions 
about rewards, prices, values, and the allocation of resources are made by 
administrators or panels. Administered innovation systems range along a spec-
trum from centralized (state agencies) through decentralized (independent 
prize- granting bodies) institutions. Decision- making in such institutions often 
lacks transparency, internal control mechanisms are weak, and there are typi-
cally few feedback mechanisms or incentives for adjustments in response to in-
correct choices or external changes. Administrators are not subject to a right of 
appeal from their judgments and typically do not directly bear the consequences 
of their choices. Stakeholders in such organizations have an interest in publicly 
projecting overly optimistic assessments of their activities, without adequately 
acknowledging failures and inefficiencies. I propose to show that decentralized 
administered institutions are empirically tractable, and their systematic analysis 

 20 I would like to emphasize that this focus on incentives vested in institutions is intended to 
complement, rather than replace, other noninstitutional explanations. Moreover, as an empirical 
microeconomist, I do not propose to speculate about the sources of these national differences.
 21 Studies of state activity to promote technological innovation encounter the problem where so 
many variables are changing and cannot be controlled for that it is virtually impossible to isolate indi-
vidual effects.
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helps to shed light on empirically- intractable centralized institutions such as the 
“entrepreneurial state.” This approach offers the reader an objective quantitative 
context for assessing subjective qualitative accounts and case studies that cur-
rently prevail in policy discussions.

Conventional economic thinking aligns well with European convictions 
about the sources of industrial and technical progress but overlooks the dramatic 
differences in the new approach to growth that were manifested in early U.S. pol-
icies. Economic models have an imagined counterfactual standard of com-
parison to “optimal outcomes” and perfectly competitive markets, which has 
distracted from the clues that history offers.22 Their focus tends to underestimate 
the gains that accrue from improvements that are “just” better than what exists, 
rather than the best relative to some imagined optimum. The standard analysis 
of patents, for instance, assumes static inefficiencies from a monopoly grant 
that harms customers (through “deadweight losses” of higher prices and lower 
output). These economists assert a greater efficiency of alternative measures such 
as innovation prizes, which are assumed by default to avoid this loss. Growth 
models tout the benefits of elites, costly investments in scarce supply factors, and 
knowledge in the upper tails of the distribution. By contrast, American economic 
and legal institutions rejected such thinking, and until this is acknowledged and 
integrated in our analysis, understanding of growth will remain elusive.

Third, Inventing Ideas presents an empirical micro- foundation for broader 
questions about macroeconomic growth processes. As Robert Solow remarked, 
the growth literature would benefit from more reliable evidence and attention 
to real- world complexities, since “models of innovation can be constructed out 
of thin air, but it is surely better to use more durable materials if they are avail-
able.”23 Books and articles about economic growth typically make inferences 
from aggregates at the level of industries, sectors, or sweeping generalizations 
across countries and cultures. It is useful to remind ourselves that history 
happens because relatively ordinary individuals make choices and decisions and 
creatively respond to incentives and constraints. Uniquely, the ideas in this book 
are grounded in detailed inquiries into the lives and contributions of over one 
hundred thousand men and women inventors and innovators in Britain, France, 
and the United States, during the first and second Industrial Revolutions. These 
original and richly detailed datasets about creative individuals are combined 
with information about administrators, panels, judges, and other participants 
and outcomes across different institutions.

 22 As Petrarch noted, “Nihil sapientiae odiosius acumine nimio” (nothing is more inimical to un-
derstanding than extreme cleverness).
 23 Solow (1994).
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Together, they offer consistent individual- level evidence about interna-
tional and domestic markets in inventive ideas, the way administered systems 
worked in practice, what sorts of inventions and inventors were likely to emerge 
as winners or losers from different institutional arrangements, and how alter-
native approaches affected overall patterns of technological change. Engerman 
and Sokoloff emphasized that the primary challenge of “new institutional eco-
nomics” in explaining growth is to devise better means of empirically investi-
gating the relevant mechanisms, and this comprehensive array of new data helps 
to meet that challenge. The uncovered statistical patterns themselves are a valu-
able contribution, even if the reader ultimately is unpersuaded that this pointil-
list method offers a more reliable set of lessons about long- run growth processes.

This comprehensive research project has extended over a decade, and the 
novel findings shed light on central questions in economics and economic his-
tory. They also clarify current debates about the role of ideas and elites in ec-
onomic development, the efficacy of grand innovation prizes, the function 
of patent intermediaries (“trolls”) and markets in invention, and the costs and 
benefits of government involvement in science and technology initiatives. The 
overall empirical patterns further allow us to reliably identify key continuities 
and discontinuities in the past relative to today’s knowledge economy, which 
differ in important dimensions from the consensus views drawn from early 
European policies. Ultimately, American institutions and policies rejected the 
European perspective that attributed progress to the efforts of elites and eso-
teric knowledge, owing to a fundamental belief in the cumulative effects of the 
creative ideas of diverse ordinary individuals. As such, analysis of these exten-
sive micro- level data ironically promises to lead to more reliable insights into 
broad macro- economic processes of economic growth. They suggest that, when 
institutions are associated with rewards that are misaligned with economic value 
and productivity, the negative consequences can accumulate and reduce com-
parative advantage at the level of enterprises and nations alike.

Knowledge and (Alleged) Market Failure

The answers to “the elusive quest for growth” are closely related to the transfor-
mation of knowledge and ideas into social and economic goods, and the distri-
bution of the accruing costs and benefits.24 Debates about the role of knowledge, 
and questions about who should be allowed access and control over ideas, have 
been at the forefront of political economy, literature, and philosophy for much 

 24 The phrase belongs to Easterly (2001).
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of recorded history. In Plato’s Republic, learning and arcane knowledge were 
limited to an elite governing class, who needed to keep themselves aloof from 
practical pursuits for fear that participation in the mundane might inhibit their 
intellectual capacity. Max Weber’s monumental work on Economy and Society 
similarly identified control over knowledge as the defining characteristic of bu-
reaucratic administrators, whose power was derived from “domination through 
knowledge,” funneled through ideas vested in specialized technical informa-
tion.25 Herman Hesse’s finest work, Magister Ludi, depicted a society of elite 
intellectuals in the mythical realm of Castalia who avoided technological and 
economic pursuits to immerse themselves in an esoteric glass bead game that 
synthesized all of human knowledge.

The “new philosophy” underlying the discoveries of the scientific revolution 
in the seventeenth century was new mainly in the sense of a specific awareness 
of human capacity for molding material progress; but its adherents echoed Plato 
in the expectation of the identities of the individuals who would make useful 
contributions to the stock of new ideas. The pre- Enlightenment intellectual 
Robert Hooke (an experimental scientist, born in 1635, and often regarded as 
“England’s Leonardo”) noted in a proposal to the Royal Society that truly pro-
ductive insights were only to be attained by a small and select “army” of thinkers. 
Such elite groups, Sir Henry Sumner Maine declared, were also to be credited for 
important technological discoveries: “All that has made England famous, and all 
that has made England wealthy, has been the work of minorities, sometimes very 
small ones. It seems to me quite certain that, if for four centuries there had been 
a very widely extended franchise . . . the threshing machine, the power loom, the 
spinning jenny, and possibly the steam- engine, would have been prohibited.”26 
These convictions about the sources of useful knowledge were replicated in most 
European nations and were deeply embedded in their institutions and policies.

Societies that regarded knowledge as the province of a special class, and as a 
means of social control, were unlikely to create open institutions that would offer 
equal opportunity for all ideas or all groups in society. Scientists in England or 
France or Italy certainly shared their ideas with others whom they regarded as 
their peers. At the same time, the so- called Republic of Letters was something 
of a misnomer for an exclusive Aristocracy of Letters. As Oliver Goldsmith 
noted:  “The Republic of Letters, is a very common expression among the 
Europeans and yet, when applied to the learned of Europe, is the most absurd 
that can be imagined, since nothing is more unlike a republic than the society 
which goes by that name.”27 European knowledge- elites treated the less eminent 

 25 Weber (1978: 225).
 26 Maine (1885: 98).
 27 Goldsmith (1834: 269).
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with disdain and despised practitioners who were “merely” versed in applied 
knowledge and practical pursuits. Despite the declared reverence for useful 
knowledge in the Royal Society, founding member John Evelyn scorned the no-
tion of working on engravings and practical projects because he would be forced 
to interact with “mechanical and capricious persons.” According to this group of 
alleged republicans, “the mysteries of the universe were beyond the capacities of 
the vulgar.”28

Karl Popper regarded Plato as one of the enemies of the “open society,” because 
“if our civilisation is to survive, we must break with the habit of deference to great 
men” and avoid their initially well- meaning efforts at utopian social engineering 
that tended to be subverted into mechanisms for the suppression of different or 
disadvantaged groups.29 But quite apart from the political aspects of such theories 
of the knowledge society, the attribution of technological and scientific progress 
to elites or privileged groups had important economic consequences. In partic-
ular, these assumptions influenced policies and incentives that were designed to 
encourage creativity and promote technological progress. The chapters in this 
book will examine the effectiveness of institutions that incorporated “the habit of 
deference to great men,” relative to more democratic institutions that celebrated 
diversity and disruption, and offered incentives to everyone in the population. 
The specific rules and standards, and their changes over time, were mirrored in 
patterns of inventive output, productivity, and the capacity for sustained eco-
nomic advance.

In the United States, the Society for Promoting Useful Knowledge merged 
with the American Philosophical Society in 1797, and Thomas Jefferson was ap-
pointed to the presidency of this conjoined organization the day before he was 
elected national vice president. Jefferson would certainly have been inducted 
into Robert Hooke’s elite army, as he maintained a vivid curiosity about scientific 
research and continually exchanged ideas with individual inventors and other 
societies for the diffusion of knowledge. In a famous letter to Isaac McPherson, 
he highlighted a key characteristic of ideas and knowledge: “He who receives an 
idea from me, receives instruction himself without lessening mine; as he who 
lights his taper at mine, receives light without darkening mine.”30

Kenneth Arrow, the celebrated economic theorist, formalized this insight 
about knowledge as a “public good” that is nonrival (consumption by one party 
does not diminish the amount available for others) and nonexclusive (nonpayers 
are able to benefit from unauthorized use).31 If so, inventors might find it difficult 

 28 Eamon (2006: 223).
 29 Popper (2013: xxxvii).
 30 Washington (1853– 1854: 180).
 31 Arrow (1962).
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to charge a positive price and secure benefits from their discoveries, leading to 
the underproduction of knowledge and research, and market failure. If know-
ledge markets are indeed likely to fail, the standard economic approach suggests 
a need for state intervention or directed management to prevent the resulting 
disincentives and misallocation of resources. Government policies include a 
portfolio of measures such as public provision and oversight, procurement 
arrangements, grants, subsidies, and credits, along with general taxation to fund 
or provide the good.

Market failure can also be resolved by finding ways to make markets work 
better, through strategies that enable creators to receive some form of compen-
sation, and methods to exclude nonpayers. Patents and copyrights with enforce-
ment by the legal system transform the public good into private property in 
ideas and expression, which can be exchanged in the marketplace through the 
price mechanism. Alternatively, private solutions to the public good problem of 
nonexclusivity extend to bilateral or multilateral contracts, retaliatory sanctions 
within cartels and collectives, and technological barriers such as paywalls and 
encryption, among others. Inventors and other creative individuals can employ 
a plethora of appropriation mechanisms such as patronage, tying their ideas to 
a complementary good that can be sold, pursuing prize awards, crowdsourcing, 
better job opportunities, and enhanced reputations.

Economists often refer to “knowledge” as if the term covers a homogeneous 
good. Knowledge, however, is not uniform, and it is important to specify the par-
ticular facets that are relevant to the analysis in question. At the most simplistic 
level, discoveries that are made in a foreign language are effectively exclusive to 
nonspeakers. George Stigler, for instance, noted that the brilliant work of Léon 
Walras was ignored in the world of economics until long after his death, owing 
to his “use of his mother tongue, French, and his depressing array of mathemat-
ical formulas.”32 Ideas and information can be effectively rival for creators if their 
success in the market depends on novelty and on being first, such as academic 
publications in peer- reviewed journals, a line- up of comedians telling jokes in 
a club (where success depends on a negative answer to “have you heard the one 
about . . . ?”), or an investigative journalist with breaking news. Rather than being 
underproduced, knowledge can be overproduced if inventors or authors are able 
to “stack” or accumulate rewards from multiple sources for the same discovery.

One of the key features of private property rules is that exchange is consensual 
and occurs at a price that reflects the subjective valuations of the buyer and seller. 
According to some, economic markets fail if the creators of knowledge respond 
to nonfinancial incentives, such as enhanced reputation and better job prospects, 

 32 Stigler (1994: 228).
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as often occurs in the case of open source innovations— or academia for that 
matter. However, market analysis is still relevant even if information and ideas 
are consensually shared at a zero monetary price in return for nonpecuniary 
benefits in terms of utility, valued amenities, or higher future expected income. 
In the same manner, a firm might choose not to exclude rivals from its inven-
tion even if its market share falls as a result, if nonexclusion creates scale effects 
that increase the company’s overall returns. Network effects can create similar 
incentives for nonprice exchanges owing to greater complementarity among a 
larger stock of ideas.

On the other hand, “open access” systems are not necessarily nonexclusive 
and free to all comers. Ostensibly open institutions for knowledge and ideas may 
include natural and imposed barriers to entry that can function as a means of ex-
clusion. For instance, the human genome database is freely available online, yet 
very few in the population are able to usefully extract information from this re-
source. The more specialized the knowledge that is required to contribute to new 
inventions, the more exclusive the information is likely to be, with a subsequent 
fall in the likelihood of unauthorized infringement, other things being equal. 
When Shinichi Mochizuki allegedly solved the “ABC conjecture” in number 
theory, his work was so abstruse that even fellow mathematicians in his field 
could not determine its validity. This natural barrier is heightened when tacit 
knowledge and learning on the job is an important requirement for participa-
tion and innovation. Much tends to be made about the potential for outsiders to 
disrupt industries with novel approaches. My own research on “great inventors” 
showed that insiders were more likely to make technological discoveries related 
to bottlenecks in the industry in which they were employed, relative to outsiders 
to the industry who were effectively excluded from knowledge acquired through 
learning by doing. A discovery can sometimes be made private simply by shut-
ting the doors to one’s factory, as is the case with trade secrets.

The claim of market failure in knowledge provision and exchange can also be 
challenged in the context of certain types of knowledge, involving “contribution 
goods” that are nonrival but also excludable.33 Such goods are characterized by 
an asymmetry between contributors and noncontributors to a research agenda, 
because researchers must possess similar levels of cognitive skills and tacit 
knowledge to benefit from the commons. This asymmetry implies that the costs 
of copying and commercialization will be higher for noncontributing “outsiders” 
relative to insiders. Advances in some contribution goods require coordination 
among potential contributors and depend on the coalescing of a critical mass, or 
a “visible college.” Collaborations and free sharing of knowledge occur in part 

 33 This paragraph is based on the ideas of Kealey and Ricketts (2014).
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through self- interest because they allow participants to gain access to scarcer 
tacit knowledge. Contribution goods raise questions about the efficacy of poli-
cies such as compulsory patent licenses, suggesting that laggards in technolog-
ical knowledge and countries that fail to invest in know- how or research facilities 
cannot benefit simply by exercising eminent domain powers over patent rights. 
This is especially true in the absence of supporting institutions to commercialize 
and adapt the discovery to suit domestic factor endowments and local market 
conditions.

When markets are alleged to fail, a fundamental question is, what is the 
standard of comparison or the viable counterfactual? In economic models, the 
comparison is generally between a patent monopolist who does not price dis-
criminate and an artificial construct of perfect competition in the market for 
the existing new invention. That is, the conventional assumption is that the dis-
covery has already been made, and the relevant choice is between allowing ex-
clusive rights to inventors for their own ideas or free access by the public to the 
inventor’s discovery. Nineteenth- century American jurists and legislators, how-
ever, regarded this benchmark as unjustifiable, arguing that the relevant coun-
terfactual was a world in which the inventor had not made the discovery.34 Many 
new inventions dramatically lowered the production costs and prices, increased 
output, and even conjured a cornucopia of entirely new products and markets 
that previous generations could not even have imagined. If prices for a new dis-
covery were higher than for the older substitute, consumers were still free to 
purchase the cheaper alternative if they wished.35 Thus, a patent had nothing in 
common with monopoly, and any supposedly “excess” profits simply reflected 
the just return to inventive genius. Indeed, far from being odious monopolists 
who reduced social welfare, patentees were regarded as public benefactors 
whose efforts and contributions should be universally celebrated. According to 

 34 “A monopolist is one who, by the exercise of the sovereign power, takes from the public that 
which belongs to it, and gives to the grantee and his assigns an exclusive use. On this ground mon-
opolies are justly odious. . . . Under the patent law this can never be done. No exclusive right can be 
granted for anything which the patentee has not invented or discovered. If he claim anything which 
was before known, his patent is void, so that the law repudiates a monopoly. The right of the patentee 
entirely rests on his invention or discovery of that which is useful, and which was not known before. 
And the law gives him the exclusive use of the thing invented or discovered, for a few years, as a com-
pensation for ‘his ingenuity, labor, and expense in producing it.’ This, then, in no sense partakes of 
the character of monopoly.” Allen v. Hunter, 6 McLean 303 (McLean 1855). “Probably of all species 
of property, this property in patent rights should be most carefully guarded and protected, because 
it is so easily assailed.  .  .  . Now, patents are not monopolies  .  .  . a patent is that which brings out 
from the realm of the mind something that never existed before, and gives it to the country.” Singer 
v. Walmsley, 1 Fisher 558 (Md. 1859).
 35 “As to the pretext, that grants of exclusive property . . . tend to enhance the price of the newly- 
invented manufactures; it may be answered that, as such grants do not compel any one to purchase 
these new manufactures, the public are left at liberty, at the lower price, to encourage the old: and this 
they will certainly do, neglecting the new, if their superiority of merit be not adequate to the advance 
of price.” Kenrick, An Address to the Artists and Manufacturers of Great Britain (1774), p. 52.
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this perspective, property rights for new inventions were a necessary precondi-
tion for effective markets in ideas, rather than a source of monopoly and market 
failure.

In short, the nature and consequences of market failure in the realm of ideas 
and technological discoveries is much exaggerated. Both the history and eco-
nomic theory of technology still remain works in progress and require more at-
tention to variation in the incentives that motivate creative individuals through 
the market mechanism and through administered systems. This suggests a need 
to revisit how economics helps to explicate the characteristics of markets and 
administered innovation systems.

Markets and Administered Systems

The relative efficiency of market- oriented institutions is a founding principle 
of economic analysis. In competitive markets, consumers are sovereign, and 
changes in supply and demand are spontaneously coordinated through varia-
tion in prices, holding other factors constant. The price system is at the node 
of market transactions, serving as an index of value, a signal of relative scarcity, 
and a mechanism to coordinate all transactions. As Friedrich Hayek empha-
sized, the price system economizes on knowledge and information, leading to 
the conclusion that “the most significant fact about this system is the economy 
of knowledge which it operates, or how little the individual participants need to 
know in order to be able to take the right action.”36 Markets involve decentralized 
decisions and transactions by individuals who respond to incentives (both price 
and nonprice) in pursuit of utility or satisfaction, given the existing constraints. 
In the same way, the market for ideas allows creative individuals, regardless of 
their background, to benefit from their commercially valuable contributions. 
Efficiency implies that resources are allocated to their most highly valued use 
through depersonalized exchange, where the identity of the participants in the 
trade is irrelevant.

Beyond markets, however, economic insights and understanding tend to 
falter. In this book, I show how the structure of innovation institutions ranges 
along a spectrum from free markets to administered systems. Firms illustrate 
some of the nuances of institutions that incorporate both market and adminis-
tered characteristics. According to Ronald Coase, firms existed because of fiat, 
or the authority of the principal, whose dictates were a substitute for the price 
system.37 Rather than focusing on the supposed authority of managers, Jensen 

 36 Hayek (1948: 86).
 37 Coase (2012).
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and Meckling view the firm as a “nexus of contracts,” or bundles of fungible con-
tractual arrangements that are designed to minimize transactions and agency 
costs in the marketplace.38 Others propose a knowledge- based theory of the 
firm, in which firms coordinate and integrate the specialized knowledge of its 
participants. While the latter is certainly true, mechanisms to allocate knowledge 
inputs are hardly unique to firms, since they are an inherent feature of all admin-
istered innovation systems. In the final analysis, however, firms are not pure 
administered organizations, because they are subject to consumer sovereignty 
and to the price system. Even in supposedly monopolistic industries, there is the 
potential for competitors to emerge, and enterprises that ignore market signals 
will be forced to exit in the long run.

The development of open source software and collective invention further 
comprise arrangements that share characteristics of administered innovation 
systems but are closer to markets.39 Here, groups of individuals collaborate on 
projects “following a diverse cluster of motivational drives and social signals, 
rather than either market prices or managerial commands.”40 In the world of 
induced innovation, prices are an important mechanism for coordination, sig-
naling, minimization of informational and other transactions costs, and making 
necessary adjustments to meet changes in circumstances. However, market ac-
tivity also comprehends other sorts of nonprice incentives, including ameni-
ties and disamenities, that motivate human behavior. Both demand and supply 
functions include all relevant determinants that influence variation in outcomes. 
Sharing of knowledge in open source communities, peer- to- peer collabora-
tion, and contributory online networks that use “tokens” as an indicator of value 
thus all make up informal markets in which participants engage in exchanges 
that affect their utility and the supply of effort. These informal institutions are 
never remote from formal markets, and they bargain in the shadow of the price- 
based system. For instance, many open source participants are employed in large 
corporations and others expect to leverage their online activities to gain more 
attractive positions in the labor market.

Economic studies of innovation further assume that the legal monopoly 
accorded to patented ideas leads to monopoly in the market. Simple textbook 
models posit that monopolies create higher prices and lower output, which 
results in net social costs or “deadweight losses.” The unexamined assumption 
that underlies this argument is that the alternative to the monopoly is a more 
efficient competitive system. This sort of reasoning leads to the conclusion 
that incentives like innovation prizes are necessarily socially desirable because 

 38 Jensen and Meckling (1976); Fama (1980).
 39 I am grateful for valuable suggestions from Tom Nicholas on this point.
 40 See, for instance, Benkler (2002).
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they avoid deadweight losses. By contrast, this book emphasizes that all insti-
tutional arrangements have both costs and benefits that need to be explicitly 
addressed. Far from being competitive, administered innovation systems typ-
ically involve monopsonies, or situations where a single buyer faces numerous 
potential applicants. Monetary prizes involve fixed returns/ prices offered by a 
sole buyer, where adjustments are limited to one side of the market (variation in 
the number of applicants for the award). Standard economic analysis of monop-
sonies suggests the likelihood of a misallocation of resources. Such systems can 
generate serious efficiency concerns, including the potential for unjust discrim-
ination and rent- seeking, which the historical evidence presented in these pages 
suggests likely outweigh the costs of market- oriented patents for invention.

Free markets adjust to disequilibria through changes in prices and profits, 
so firms and their agents internalize the costs and benefits of their decisions. 
Administered systems, by contrast, generally involve a separation between 
those who make the decisions and those who suffer the consequences of failure. 
A crucial feature is that no third- party mechanisms, such as a legal right of ap-
peal, are put in place to ensure that arbitrary or unjust decisions are censured or 
overturned. The Fields Prize in mathematics, for instance, is overseen by a com-
mittee whose decisions are sealed for seventy- five years, and its awards at times 
reflected the personal agendas of the members of the committees, rather than 
the objective achievements of the candidates.41 Thus, unlike market transactions 
where participants are (directly or indirectly) disciplined by the costs of incor-
rect choices and of failures, in administered systems there are fewer incentives or 
impulses to ensure efficient decision- making even in the long term.

Juries, however disinterested or expert, are unlikely to be able to predict the 
course of future developments or to pick the winners who will prevail through 
shifting and dynamic conditions. They are typically charged to limit their consid-
eration to the proposals before them rather than to incorporate comprehensive 
information about the next best alternative on a larger current or intertemporal 
scale. The standard analysis of decision- making under uncertainty indicates that 
an option to flexibly defer choices will, holding other things constant, have a 
greater expected value than a “now or never” decision. Administered systems are 
likely to exercise options too early, leading to irreversible choices and monolithic 
path dependence. Markets, by comparison, engender higher- valued options 
owing to the ability to defer decisions until more information becomes avail-
able. For instance, modern patent grants maintain an open option during the life 
of the patent with a maximum term of twenty years. Markets will thus tend to 
have more prolific branches on the binomial decision tree than an administered 

 41 Barany (2015).
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process such as a prize system, which perforce will prematurely lop off a greater 
number of branches at the date when the prize has to be awarded.

Consider a prize system where n ideas are submitted at time t, but only the 
top three can be selected at time t + 1. This implies that n –  3 are rejected, even if 
their value is positive, and those paths are foreclosed and no longer available to 
the administrator. If market conditions change sufficiently in the future, in such 
a way that one of the n –  3 options is now viable and possibly more valuable, it is 
unlikely that the administrator will be able to revisit the decision. Administrators 
further have control over their institutions, and researchers show that the op-
tion to defer choices is less likely to be chosen when conflict is low.42 Planners 
do not internalize all of the returns from risk- taking, and are thus ill- equipped 
to confront an innovation process that Bill Janeway wryly characterizes as trial 
and error and error and error.43 Administered systems tend to be more closed, 
with little outside knowledge of the factors that led to the decisions, and once a 
prize is awarded with great fanfare, it is difficult to trace the subsequent outcome 
because attention is diverted to other competitions. Planners have an incentive 
to proclaim their successes and downplay or deny their failures, leading to an 
asymmetry in the information that is made available. Markets are less likely to 
have this sort of lock- in and will tend to have access to a greater number of the 
initial options, as well as more useful information about failures that can benefit 
all participants.

Similar questions about administered systems— at the national level— were 
evident in pre– World War II debates about the viability of market socialism, and 
these have resurfaced in recent years in response to concerns about growing so-
cioeconomic inequality.44 Léon Walras, the famous French mathematical econ-
omist, was an unexpected supporter of the tenets of market socialism, regarding 
himself as an architect formulating a blueprint for a more just economic system. 
The most noted model of market socialism supposed that the state could effi-
ciently mimic how prices allocated resources in a market economy.45 Adherents 
of market socialism tried to grapple with the question of how to obtain and mo-
bilize disparate forms of knowledge and information in a dynamic process to 
achieve optimal decisions over time. In particular, they were aware that elite 
factions were likely to have different visions about what the most desirable ends 
should be, relative to the majority of participants in the mass market.

Hayek best articulated this “fundamental problem” of how to ensure that 
scarce resources are distributed to the most valued use when individuals possess 

 42 Tversky and Shafir (1992).
 43 Janeway (2012).
 44 Bardhan and Roemer (1992).
 45 Lange et al. (1938); Bergson (1967).
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private information about costs and benefits and objectives, which are not avail-
able to planners. However, he chose to assume that “so far as scientific knowledge 
is concerned, a body of suitably chosen experts may be in the best position to 
command all the best knowledge available.”46 This was useful for the purposes 
of his analysis, but others who adopted such assumptions as self- evident often 
failed to fully appreciate the differences between technical efficiency (involving 
decisions based on scientific knowledge) and “the best knowledge available” for 
the purposes of achieving economic efficiency (based on a combination of tech-
nical knowledge and knowledge of prices and value in the market).

For most economists, asymmetries in information between social planners 
and the participants in markets in inventions were central to the analysis of 
mechanisms to induce and disseminate inventive ideas and to ensure com-
mercialization of innovations. Theorists agree that, in the presence of such 
imperfections, patent systems are “obviously superior” incentive systems and 
have a “peculiar informational advantage” relative to alternatives such as re-
search contracts or prizes.47 The concerns about strictly economic issues are 
compounded by problems in political economy, accountability, and the possi-
bilities for corruption and cronyism. Despite the undoubted contributions of 
mathematical approaches to the economics of incentives and innovation, these 
abstract discussions highlight the need for more specific studies of the actual im-
plementation of rules and the actual effects of institutional mechanism design.

Markets and Administered Systems in Economic History

All institutional arrangements are associated with both costs and benefits, so 
the disadvantages of any one system do not necessarily indicate that any other 
system is “optimal” or even feasible. The philosopher Isaiah Berlin usefully 
reminds us, in his essays on language, that it is necessary to have a precise and 
nuanced awareness of the plurality of uses and meanings of what appear to be a 
single concept, and that is especially true of innovation institutions. Patent sys-
tems existed in Britain, France, and the United States, but their motivation and 
designs differed substantially, in ways that markedly affected the types of both 
inventors and inventions that flourished in these countries. Some companies 
chose to obtain returns through trade secrecy or lead time, but this did not imply 
that patent rights were universally irrelevant to all firms, since industrial know-
ledge varied in terms of the capacity for rivalry, excludability, and appropriability. 
Prize systems were the most variable of all, each with unique objectives, widely 

 46 Hayek (1945: 521).
 47 Wright (1983); Gallini and Scotchmer (2002).
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varying standards, and inherently subjective decision- making. Thus, specific 
historical details about rules and their implementation, and comparative insti-
tutional analyses, are required in order to grasp exactly how and why and under 
what circumstances seemingly substitutable social organizations functioned 
over time.

Patent institutions in the leading industrial countries illustrate the manner in 
which differences in market orientation affected observed patterns of techno-
logical change and economic progress. The specific design of intellectual pro-
perty and related institutions mattered and had measurable consequences for 
the production and distribution of useful knowledge. In Europe, administrators 
assumed that only elites had the mental capacity and access to useful knowledge 
that would translate into important inventions. Such privileged and well- placed 
individuals would already possess the financial resources to fund investments 
and were allegedly also unlikely to be very responsive or concerned about the cost 
of patent fees. From the perspective of the agents of the British Crown, patents 
were primarily viewed as a means to raise revenues for the state and to reward 
incumbents, rather than as an incentive for inventive activity. Consequently, the 
cost of patents was deliberately set at exorbitant levels that outstripped per capita 
income. It was regarded as an added advantage that such high fees would ex-
clude the working class from getting property rights for their “small inventions.” 
Despite the democratic rhetoric, French fees and rules had similar effects as the 
British system.

Thus, in Britain, administrators made rules based on prior assumptions about 
what should qualify as a valuable invention (those that survived the filter of high 
fees) and about the identity and social standing of inventors whose interests 
should be promoted (wealthy and well- connected individuals). A large group of 
officials obtained significant rents from administering the complicated bureauc-
racy involved in issuing patent documents, and they had an incentive to block 
reforms to rationalize the system. Efforts to implement structural changes finally 
succeeded after two hundred years, but only after heavy compensation was made 
to the administrative interest groups who had benefited from the byzantine op-
eration of the prior patent system.48 The judiciary and the legal system operated 
on the same premises, leading to great ex ante uncertainty about the value of 
property rights in inventions. Markets in ideas were thin, hampered by legal 
inhibitions such as limits on the number of parties who could invest in a patent.

 48 The patent application procedure required the negotiation of numerous offices, whose 
employees received their compensation from patent fees and payments that inventors made to ex-
pedite the process. As an example, the Irish and Scots Law Officers and clerks who were made obso-
lete were allocated an annual compensation of £6,000 for the loss of fees that they suffered from the 
reforms that lowered the cost of filing for patentees.
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The conceptual distinction between administered systems and market- 
oriented institutions, and the extensive new empirical evidence in each chapter 
of this book promise to shed more light on why France and Britain fell behind, 
and why the United States succeeded in “inventing ideas.” Administered systems 
were a predominant feature of political- economic policies in Europe during the 
early industrial era, and indeed, similar beliefs and institutions have persisted to 
the present day. At their best, according to economic theory, such approaches 
could function as a means to attenuate the negative consequences of monop-
olies and to overcome inefficiencies and inequities in the market. In the pres-
ence of market failure, administrators could make decisions that internalized 
externalities, such as finding ways to reduce deforestation and environmental 
degradation.

A central question is how stated policies were actually implemented and 
the extent to which the results fulfilled the expectations and public claims of 
their creators. During the eighteenth and nineteenth centuries, councils and 
committees drawn from the most influential classes in Europe nominated fa-
vored parties who would benefit from special privileges. Courts, elites, and 
bureaucrats selected winners and determined losers among inventors and other 
creative applicants and made decisions about the amount of compensation and 
how returns would be allocated among the coterie of hopeful applicants. In 
Britain, key institutions such as the RSA assumed that elites would be respon-
sible for the most valuable ideas, and that they would be motivated by honor 
and prestige rather than by profit. French administrators deliberately funneled 
resources to elite schools and institutions that maintained the existing structure 
of privilege, and such activities were so entrenched that they repeatedly survived 
attempts at drastic reforms. Not only were administered systems a product of 
undemocratic institutions, but also their rules and implementation perpetuated 
social and economic inequality.

State and bureaucratic interventions often sought to override the “natural” 
course of technology and commerce and to pursue alternative channels and 
outcomes that might have faltered in open markets. A common view among 
scholars is that Britain advanced because of its retreat from mercantilism 
and rent- seeking, and this was true in observable areas such as commercial 
trade policy. However, a detailed examination of the internal records for ad-
ministrative decisions of elites reveals persistence at the individual level of 
these discredited policies, in both England and France. Both centralized and 
decentralized administered groups determined the types of knowledge that 
should be promoted and the characteristics of innovators whom they deemed 
to be the most likely to contribute to the objectives they wished to pursue. 
Administered innovation systems provided a means for the state and insiders 
to deliberately bypass markets and to instead implement protectionist and 
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mercantilist agendas, beyond the scrutiny of external auditors or a broader 
audience.

The European approach was also evident in colonial America, but innova-
tion policies permanently altered after the founding of the new Republic. The 
United States was the first society to conceive of property rights in invention in 
modern terms, as a means of primarily providing strong incentives for inven-
tive activity and innovation, through flexible market- oriented institutions where 
consumers would determine success or failure. Elites have always mistrusted 
markets; wealth and influence often lead to the conviction that the insights of 
the favored few can outperform spontaneous coordination, and that status and 
celebrity are a good substitute for specialized knowledge. Instead, significant 
characteristics of the American approach were its rejection of administered sys-
tems and its explicit refutation of the notion that only privileged groups were 
capable of generating useful knowledge and ideas. Federal government policies 
toward inventions were largely limited to the classic functions of securing pro-
perty rights and ensuring their strong enforcement through the legal system. 
As Robert Gordon noted, “perhaps the most important government activity to 
stimulate growth was the patent office and the process of patent approval.”49

As I  showed in The Democratization of Invention, the United States placed 
markets in ideas at the center of its technology policies and consciously cali-
brated property rights in inventions to function as the keystone of a democratic 
society.50 According to this thinking, “An invention is property of the highest 
order.”51 The U.S. Patent Office after 1836 introduced an examination system, 
which the casual reader might consider to be an administered system. This was 
decidedly not the case. All novel ideas were by default entitled to property rights, 
and fees were deliberately kept low to ensure accessibility. The detailed rules and 
standards governing the operation of the system were set by federal statute, not 
by the discretion of the patent office administrators. Patent examiners certainly 
influenced the scope of property rights to novel ideas, but they played no role in 
determining market value or gauging the usefulness of these ideas (the legal term 
“utility” simply meant “capable of use”). The award of patent rights was based on 
the technical contribution of the invention, not on the identity of the inventor or 
their wealth and connections. Applicants had a right of appeal from the decisions 
of the Patent Office that could be prosecuted all the way to the U.S. Supreme 
Court, and this allowed for a valuable stock of legal precedent that helped to 
reduce uncertainty for all inventors about the nature and boundaries of patent 

 49 Gordon (2016: 312).
 50 Khan (2005) provides a legal, economic, and empirical comparison across patent and copyright 
institutions and therefore complements the current work.
 51 Annual Report of the Commissioner of Patents (1869).
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property. Instead of depending on the ex ante determinations of economic value 
by administrators, American patentees had to satisfy market demand if they 
wished to profit from their contributions to useful knowledge.

Douglass North and Robert Thomas argued that the development of patent 
institutions and intellectual property laws encouraged technological inno-
vation, regardless of the extent of their enforcement. They further proposed 
a blanket compendium approach that explicitly assumed that all forms of 
incentives— whether prices, bounties, or subsidies— were equally effective.52 

 52 North and Thomas (1973): “The development of a patent system and other laws protecting in-
tellectual property (however imperfectly enforced) encouraged the growth of innovation. In addition 
to the patent system (which was always imperfectly enforced) prices, bounties, and subsidies were all 
used to encourage innovation and produced the same consequences in terms of our model.”

Figure 1.2 A Century of Patented Progress
The steady flow of incremental patented inventions throughout the nineteenth 
century combined to create great inventions like “the steam press,” “the locomotive,” 
and “the electric telegraph.” The rapid advances in patented discoveries during 
the nineteenth and twentieth centuries transformed industry and every facet of 
everyday life. The optimistic notion of technologically created progress became 
ingrained in American culture.
Source: Library of Congress.



Introduction 25

Their perspective misses the focal point spelled out in the chapters of this 
book:  innovation incentives and institutions were not all equally effective, 
and the choice of specific policy instruments had cumulative consequences. 
Patent systems and related legal enforcement practices varied across coun-
tries and time, and that variation affected the types of inventors and the types 
of inventions that would be created, as well as the likelihood that ideas would 
be transformed into commercially valuable innovations that would benefit 
consumers in the marketplace. In the final analysis, the mechanism design of 
administered systems and of markets in ideas had important implications for 
the efficient allocation of resources and for dynamic processes of economic 
growth.

Book Plan: You Have to Care about the Details

My research career has been strongly influenced by my training as a grad-
uate student at UCLA, under the supervision of Kenneth Sokoloff, one of the 
finest economic historians of his generation. Ken’s own body of work vividly 
reflects his conviction that quantitative history is based on a paradox: this 
method offers insights into grand ideas about “the pursuit of happiness” and 
the sources of socioeconomic progress, but grand ideas must be grounded in 
meticulous and minute attention to the strengths and deficiencies inherent 
in all data. The basic patterns in reliable data should be evident from the 
summary statistics. Econometric wand- waving, three- stage least- squares 
regressions, and seductive instrumental variables were useful to bolster con-
fidence in one’s results but as often as not served to paper over question-
able data inputs that invalidated the central claims. His constant mantra was 
that “each and every data point matters— you have to care about the details.” 
This fundamental principle seems all the more important today, when many 
economists employ history merely as anecdotes to support the abstractions 
in their models.

This book addresses central questions about economic growth and techno-
logical change that are of interest to economists, historians, legal scholars, po-
litical scientists, entrepreneurs and aficionados of technology, and innovation 
policymakers. The discussion uniquely draws on original long- run interna-
tional datasets that allow for the comparative cross- country institutional analysis 
of technological innovation across time, place, and individuals. The empirical 
methods provide quantitative backing for all of the principal claims, but my ap-
proach in these chapters is to allow the data to speak for themselves, rather than 
through the medium of opaque statistical massaging. As such, the reader who is 
averse to econometrics is assured that the reported tables merely employ simple 
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summary statistics to reveal the patterns underlying the experiences of over one 
hundred thousand creative men and women. The reader who is averse to tables 
of any sort is further assured that the book can be read and understood without 
venturing beyond the text. Economists who wish to satisfy their yearning for 
multivariate regression results are urged to consult my articles and working pa-
pers that are cited in the bibliography.

As the title of this book suggests, many of the currently accepted ideas about 
innovation and growth are based on questionable premises and shaky evidence. 
In an era of extreme specialization, even (perhaps especially) Nobel Prize– 
winning economists tend to circulate inaccurate anecdotes about inducement 
prizes and patent institutions. As a result, the results reported here are deliber-
ately limited to my own research efforts and my own sphere of expertise. I have 
dedicated more than a decade to acquire, collate, and analyze the underlying 
data. The matches across different records are not the product of automated data 
scraping or computer algorithms (not that there is anything wrong with that!). 
Each of these observations has been entered into digital format by hand, and was 
meticulously linked by hand, and cross- checked to ensure maximum accuracy. 
At relevant points, I  refer to information about other industrial nations such 
as Germany and Japan, regions that present valuable opportunities for further 
comparative research by other scholars. However, my primary focus here is on 
the archival sources in the three languages I fluently read (English, French, and 
Spanish), in order to provide first- hand insights into the major topics that are re-
ported in these chapters.

These chapters incorporate information on different sorts of technological 
prizes and innovation institutions, patentees and innovators, sales of intellectual 
property rights, women inventors, civil litigation, and political economic factors 
during two key centuries of the modern era. The panel data (cross- sections that 
are repeated over place and time) include approximately sixty- five thousand in-
novation prizes, as well as over one hundred thousand patented inventions in 
Britain, France, and the United States. Manuscript censuses yielded informa-
tion on the characteristics of the individuals in these samples, such as their age, 
occupations, wealth, and propensity to migrate. Citations to inventions, lawsuits, 
advertisements, congressional and military records, and patent sales helped 
to shed light on the value of innovations. Account books of prize- granting 
institutions, membership lists, and detailed reports of their judging committees 
revealed how and why decisions were made.

The book structure is divided into four parts, and their coverage progresses 
through time and place. The first section examines the historical context for cur-
rent controversies in the realm of patents and “inventing prizes.” Economists 
have advocated the use of grand innovation prizes by re- citing largely unsubstan-
tiated historical “facts.” My examination of archival records in Britain, France, 
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and the United States reveals information that is inconsistent with common 
assertions in the literature. Similarly, the prevailing rhetoric about the economic 
inefficiencies of “patent trolls” and other intermediaries in the market for pat-
ented inventions, unparalleled explosions in litigation, and excessive social costs 
of patent grants does not fit well with the economic evidence over the long term. 
All social outcomes include extreme cases, but scholarly conclusions should be 
based on general tendencies rather than unrepresentative outliers.

The second part considers the role of elites, knowledge, and administered 
innovation systems. Economists and historians alike have raised fundamental 
questions about the nature of human creativity and the sorts of resources, skills, 
and knowledge inputs that expand the frontiers of technology. The empirical 
results reported in this section suggest that some skepticism is warranted about 
the role that elites and non- market- oriented institutions played in generating 
technological innovation and long- term economic development. I provide spe-
cific measures of different types of knowledge and estimate their role in British 
industrialization. Even for great inventors and scientists, formal investments in 
specialized human capital seem to have been less important than appropriate in-
stitutional incentives for creativity. The chapters in this section further examine 
whether innovation prizes served as effective inducements for new inventions 
and in creating products that were scalable or valuable in the marketplace.

Scholars like Joel Mokyr correctly noted that European innovation strategies 
were oriented toward nonmarket reward systems, but the empirical data do not 
support their positive conclusions. The RSA in London was a classic example 
of an administered system whose elite members formed committees to identify, 
judge, and award prizes for innovations. The RSA chapter reports on the empir-
ical assessment of a novel dataset, comprising several thousand monetary and 
honorary prizes, patent records, and detailed archival information about the ap-
plication and decision- making process between 1750 and 1850. The RSA initially 
was averse to patents and prohibited the award of prizes for patented inventions, 
so their experience offers a unique opportunity to assess outcomes when the two 
mechanisms are substitutes rather than complements.

France was the canonical example of a soi- disant entrepreneurial state, or 
of a more centralized administered system where public and private agencies 
attempted to direct the path of industry and invention. This discussion of the 
French experience identifies the structure and consequences of such techno-
cratic paternalism. The analysis draws on archival documents primarily retrieved 
from recurring national and international industrial expositions, the Society for 
the Encouragement of National Industry, the Bureau of Commerce, the National 
Conservatory for Arts and Trades, the French Academy of Sciences, and records 
from the patent system. French innovation awards were largely unrelated to 
productive technologies or sectors. The specific operation of these institutions 
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amply illustrates the political dimension of administered systems, in which dis-
cretionary rewards favored well- connected inventors and entrepreneurs and 
created incentives for rent- seeking and the stacking of awards, rather than com-
mercialization in the marketplace.

The conclusions about administered systems in England and France may pos-
sibly have owed to other unobserved features of European society. Americans 
were skeptical about administered innovation systems, highlighting their trans-
action costs and the potential for cognitive dissonance or corruption when 
juries and administrators, rather than markets, determined values and winners. 
Scientific American in 1886 denounced innovation prizes as “special systems, 
where favors are sought for and obtained by particular parties in a particular 
manner.” However, in major cities prominent mechanics’ institutes like the 
Franklin Institute of Philadelphia flourished in this period, and they regularly 
hosted industrial and technological fairs for inventors and innovators. The 
empirical analysis of each of these panel datasets consistently finds that prize 
awards were largely idiosyncratic and unrelated to factors like inventiveness or 
the market value of the invention. The evidence from standing committees of 
the Franklin Institute points to the potential for governance problems like social 
capture and for prejudice toward “particular parties in a particular manner.”

A fundamental question for the economics of innovation is whether and to 
what extent inventors and inventive activity respond to specific incentives and 
institutional rules and standards. My first book provided ample evidence to show 
how responsive creative individuals were to the incentives vested in intellec-
tual property. Those empirical findings were based on cross- sections, times se-
ries, the activities of ordinary inventors, great inventors, married women whose 
benefits from property rights in invention were compromised by state laws that 
allocated their assets to their husbands, copyright piracy, and the quantitative 
analysis of intellectual property litigation. The conclusions highlighted the role 
of private property rights in conveying information and facilitating markets, 
and their value in reducing risk and uncertainty for relatively disadvantaged 
inventors with few private resources. Disclosure, mechanisms to publicize patent 
information, intermediaries, and market transactions all served to enhance the 
diffusion of new technologies. Patents allowed for the securitization of ideas, 
and these tradeable assets facilitated market exchange in a process that assigned 
value, helped to mobilize capital, and improved the allocation of resources.

The third section of this book directly addresses markets in patented 
inventions, and the new research confirms and extends the conclusions from 
The Democratization of Invention. The lifetime experience of a large sample 
of inventors shows how the rate and direction of inventive activity responded 
dramatically to such incentives as the Civil War. The American patent system 
specifically designed mechanisms to enable the effective diffusion of technical 
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information, and the accumulated stock of knowledge allowed others to build 
on the revealed knowledge, discover competitive noninfringing substitutes, and 
come up with their own ideas. Estimates of knowledge spillovers from patents 
and prize- winning innovations show that patented inventions created know-
ledge spillovers. By contrast, prize- winning innovations did not generate ex-
ternal benefits for others, owing to a lack of specific mechanisms to reveal and 
diffuse knowledge and information.

Gender differences provide another perspective on technological creativity. 
Women are often invisible to the gaze of history, and this is likewise true of studies 
of their inventive and creative output. My analysis of women’s inventions and 
innovations is based on over twelve thousand patents, prizes, and unpatentable 
inventions in Britain, France, and the United States. The experience of women 
inventors illustrates how administered systems might reflect the discrimina-
tory biases of their members. Women’s creativity within both the market and the 
household is best understood by distinguishing between improvements in con-
sumer final goods, changes in designs, and other novel forms of innovations at 
the boundaries of art and technology. This suggests a need to revisit the question 
of what is considered useful knowledge, especially in the context of households 
and nontraded goods.

An extensive global market in patents and innovations developed after the 
middle of the nineteenth century. The discussion of international markets in 
ideas considers patterns from the United States, Britain, Germany, Canada, 
New South Wales, Spain, and Japan during the nineteenth and early twentieth 
centuries. U.S. knowledge markets were much more extensive relative to its in-
ternational competitors, and the ability to trade secure inventive assets was espe-
cially significant for disadvantaged inventors who did not possess the means or 
connections to appropriate returns from manufacturing enterprises. The results 
indicate that the patterns of trade in patent rights varied in accordance with legal 
and economic factors and also show how markets in ideas were influenced by the 
specific design of patent institutions.

The final section considers the role of adjacent institutions, including the 
legal system, in the context of “national innovation systems.” As Thomas 
Jefferson pointed out, too frequent institutional changes can lead to costly un-
certainty, but institutions must also keep pace with the times. The flexibility 
of American legal institutions allowed courts to address the disruptions that 
technological innovations created. A  myopic focus on “explosions” in patent 
litigation fails to appreciate that disruptive technologies raised new issues and 
litigation about all areas of law— property, contracts, and torts alike. Several 
thousand civil law disputes show how courts initially responded by stretching 
existing legal analogies derived from prior rulings but, as these became strained, 
adopted new legal standards. Such productive institutional responses ultimately 
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accommodated and resolved the transaction costs and conflicts associated with 
recent innovations. In keeping with the results from decentralized administered 
systems, government measures to underwrite and manage innovation raised 
questions about the efficacy of the so- called entrepreneurial state.

The genesis of today’s knowledge economy occurred in the “long nineteenth 
century.” This was a time of great experimentation across and within different 
countries about the most effective way to create knowledge, new ideas, and tech-
nological innovations. Europeans were more vested in a top- down technocratic 
approach that put its faith in the wisdom of elites and their ability to identify 
the path ahead and implement appropriate policies for progress. The political 
economy played out differently in France and England, but the contrasts with the 
decentralized American approach were especially evident in the degree to which 
ordinary artisans and inventors had an effective voice in the collective pro-
cess of identifying needs, proposing both modest and ambitious solutions, and 
benefiting from their successful contributions. As endogenous growth models 
suggest, the scale and diversity of the population of people and ideas that partic-
ipated in this process mattered critically and was the major reason that broader 
markets in ideas prevailed over elite and technocratic approaches.

These results both fit and help to explain the historical parameters. Domestic 
and international observers credited U.S. markets in ideas and intellectual pro-
perty institutions for facilitating the unparalleled second Industrial Revolution 
and the resulting global dominance of American inventors and patented 
inventions. Regardless of the theoretical allure of promises to improve on 
market allocations, administered innovation systems eventually encountered in-
tractable problems in their implementation. Prizes to induce innovations dwin-
dled away by the end of the nineteenth century. Other countries— including 
Britain, Switzerland, Japan, and Germany— emulated American patent and 
technology policies in an attempt to keep pace with U.S. achievements, and in-
ternational harmonization of patent laws primarily arose from this voluntary 
alignment toward the American model. Privileged elites adopted measures 
that may have resulted in temporary spurts, but such efforts quickly ran into 
diminishing returns and failed to induce self- sustaining economic growth. As 
such, the economic history of the past two centuries highlights the central role of 
market- oriented incentives, in tandem with flexible open- access economic and 
legal institutions, in promoting sustained technological progress and economic 
growth in the knowledge economy.


