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Modern economic growth depended on a set of radi-
cal changes in beliefs, values, and preferences. The Enlight-
enment was not a mass-movement. It was an elite phenome-
non, largely confined to intellectuals, scholars, and a literate 
and educated minority. The fundamental belief that the human 
lot can be continuously improved by bettering our understand-
ing of natural phenomena and regularities and the application 
of this understanding to production has been the cultural 
breakthrough that made what came after possible. 

Milestone breakthroughs in earlier times— such as 
water mills, the horse collar, and the printing press—did not 
trigger anything resembling sustained technological progress. 
Stature, strength, length of life, even courage and genius, seem 
hitherto to have been in all ages pretty much the same. If eco-
nomic growth before the Industrial Revolution was largely 
driven by trade, more effective markets and improved alloca-
tions of resources, growth in the modern era has been increas-
ingly driven by the expansion of what was known in the age of 
Enlightenment as “useful knowledge.” Measured economic 
growth in the industrializing economies in the 19th and 20th 
centuries approached a rate of 1.5– 2.0% a year, perhaps 10X 
faster than before. 

We know remarkably little about the kind of institu-
tions that foster and stimulate technological progress and intel-
lectual innovation. The riddle is one of motivation. As growth 
accelerated, the input from science increased and became the 
dominant motive power after 1830. Commerce, the division of 
labor, effective markets in labor, credit and land, and similar 
institutions associated with Smithian growth were all out-
comes of interactions between people. Religious beliefs and 
metaphysical attitudes condition a society’s willingness to 
investigate the secrets of nature, alter its physical environment 
irreversibly, and “play God.” Technology is at its very core a 
relation of people with the physical environment and not with 
other people. The drivers of technological progress and even-
tually economic performance were attitude and aptitude. 

Culture is a set of beliefs, values, and preferences, 
capable of affecting behavior that are socially transmitted and 
shared by some subset of society. Culture is something entire-
ly of the mind, a matter of individual choice. Institutions are 
socially determined conditional incentives and consequences 
to actions. If culture and institutions are misaligned, the foun-
dations become unstable. 

Vested interests of incumbents protecting the rents 
generated by status quo techniques and fear of the unknown 
and novel create strong incentives to resist innovation. If 
groups committed to these beliefs control the formal apparatus 
of the state, they can thwart innovative efforts. Growth 
through innovation is in large part dependent on direct links 
between culture and technology. The most direct link runs 
through religion. Irreverence is a key to progress, but so is 
anthropocentrism. Technologically progressive societies were 
often relatively egalitarian ones. A critical cultural belief that 
drives economic growth and complements the belief in the 
“virtuousness of technology” is a belief in economic progress 

and a concrete agenda of policy measures and institutional 
change. Cultural change is to a large extent about persuasion. 

Culture is about matters of the mind; behavior and 
actions are the observable outcomes of preferences and 
knowledge. Comparative history helps us separate chance and 
necessity. Episodes of scientific and technological flourishing 
have occurred throughout history, but the one that occurred in 
Europe after 1700 was in many ways unique. 

Socialization occurs through direct imitation, often 
unconsciously so, or through symbolic means— spoken and 
written language, images, and examples. Individuals can 
change their values and beliefs throughout their lives, but 
much like languages or the ability to play a musical instru-
ment, become increasingly difficult to acquire as an individual 
ages. Parents choose whether to socialize their child them-
selves or to relegate. Much social learning occurs vertically: 
most people are socialized first and foremost by their parents. 
Choice-based social learning has increased exponentially in 
importance over the past 2 or 3 centuries with rising access to 
information and literacy. A modern economy is characterized 
by a rapid growth in non-parental transmission. In modern 
times the state has entered in a big way into the socialization 
scene, partly in competition with the parents. 

In modern society experts such as scientists and phy-
sicians became central in helping others decide what is true 
and moral. Cultural “authorities” often have no special exper-
tise and yet somehow become the source of authority or focal 
points in cultural choices. Some of these, such as Dr. Ruth or 
Oprah Winfrey, can have a large impact on their societies. It is 
a hallmark of open and culturally dynamic societies that all 
authorities are contestable and are subject to continuous cri-
tique and scrutiny. When for some reason their pronounce-
ments become incompatible with reality or some other source 
of doubt arises, they can be readily dethroned. 

Cultural beliefs mostly occur in clusters and make 
knowledge systems stable and conservative. One important 
cultural value is pluralism: whether to tolerate incompatible 
values and beliefs, and whether to give new cultural elements 
a fair chance to compete in the market place for ideas and val-
ues. A belief in cultural tolerance and free speech and thought, 
and the institutions it implies can be of great economic value 
when it is relatively rare; it allows an economy to attract and 
absorb religious and political refugees, who tend to be creative 
and well-networked. 

While “crime” is a violation of institutional rules, 
“sin” is a transgression against morals. Cultural entrepreneurs 
change what people believe, and if enough important people 
are converted, they will change institutions to conform to the 
new beliefs and thus the environment in which the next gener-
ation of cultural entrepreneurs find themselves. The prolifera-
tion of successful entrepreneurs is a telltale sign of well-
functioning markets. 

Francis Bacon had one great idea: knowledge ought 
to bear fruit in production, science ought to be applicable to 
industry, and it was people’s sacred duty to improve and trans-
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form the material conditions of life. For Bacon, scientific and 
economic progress depended on the integration of the 
knowledge of technicians into science and natural history. 
Until about 1600 the notion of an experimental design to solve 
a specific question was alien to Aristotelian methodology. As 
a successful cultural entrepreneur, his lasting insight was that 
knowledge was a collective activity, a social phenomenon, to 
be organized and distributed. He explained that the function of 
a cultural entrepreneur is to formulate a coherent doctrine that 
the followers can all accept as the consensus central message. 
His call for widespread and productive cooperation between 
people who knew things (savants) and people who made 
things (fabricants) resonated with Industrial Enlightenment. 
After his death in 1626, Bacon’s influence expanded through 
his disciples. 

Samuel Hartlib laid the foundation of the Royal Soci-
ety. In 1665 he founded the Philosophical Transactions, the 
official journal of the Royal Society and the oldest continuous 
scientific journal in the world. The “invisible colleges” that 
formed in England before 1660 were inspired by if not dedi-
cated to the ideas of Francis Bacon. Bacon’s heritage was 
nothing less than the cultural acceptance of the growth of use-
ful knowledge as a critical ingredient of economic growth. 

If technological progress consisted of commanding 
nature by obeying her, someone had to find out the rules. 
More than anyone else, Newton showed that those rules were 
within reach. Newton’s mathematical physics was recognized 
to be both innovative and correct. First through content bias 
(the best minds saw the logic of his work) and then through 
direct bias (his followers were themselves intellectuals of the 
highest standing). His work became a role model for other 
sciences, and his insights confirmed the belief in a mechanis-
tic, understandable universe that could and should be manipu-
lated for the material benefit of humankind. Intelligibility de-
pended on a mechanistic view of the world. The concept of a 
mechanical clockwork-like universe in which the regularities 
were predictable and deterministic, although in the air for a 
long time, was given an enormous boost by Newton’s work. 
To manage and direct the accumulation of comprehensible 
knowledge, experimental science became increasingly the 
vehicle of natural philosophy. The Newtonians did not invent 
the experimental method, but their work helped make it a 
dominant methodology. Newton’s other contribution was the 
sanctification of the use of mathematics in the generation and 
processing of useful knowledge. He thus helped establish an 
important principle, namely that scientific knowledge is sub-
ject to revision and challenge when new and better evidence 
becomes available. Even though he never left England, New-
ton was deeply integrated in a European environment. He was 
knighted, elected to Parliament, and became quite wealthy. He 
completed what Galileo and the Puritans had started: to raise 
the social standing and prestige of science and natural philos-
ophy. 

Perhaps the most important contribution that New-
ton’s work made to the Industrial Enlightenment was the ele-
gance and completeness with which he explained phenomena 
that had puzzled people for centuries. Science became the 
model to emulate the manifestation of ‘superior knowledge.’ 

Such an elevation of the status of intellectuals and their work 
was essential if useful knowledge— physics, botany, mathe-
matics, chemistry, technology, medicine— were to play the 
transformative roles that they did. 

Advances in useful knowledge are made by a rela-
tively small percentage of the population, the trained and lit-
erate, and a few technical geniuses with unusual mechanical 
intuition. The values and motives of the elite that spurred them 
to engage in science, engineering, improved agriculture, and 
other production-related agendas provide a clue as to why 
most slave societies usually showed little technological 
productivity. In these technological creativity was lower be-
cause the spheres of production and physical work were asso-
ciated with low-prestige culture and inferior social standing. 
When a technological elite of scientists, engineers, and skilled 
mechanics designed a set of novel manufacturing techniques, 
it became necessary for employers to have more educated 
workers who could operate and maintain the complex equip-
ment. A Lockean belief in property rights or a belief that most 
people are trustworthy leads to the reduction of transactions 
costs and thus stimulates commerce. Cultural values determine 
how much time and money parents decided to spend on the 
education of their children and what would be in the curricu-
lum. 

Investment in human capital is still widely regarded 
to be of central importance to all economic development. Dif-
ferences in schooling and school attendance are the variable 
that best explains differences in economic outcomes. Three 
general categories of human capital can be distinguished: 
training, in which skills and useful knowledge are transmitted 
to the child; education, in which the ability to consume certain 
goods and services is taught (for example, music, literature, 
and sports) and in which certain values (moral codes, loyalty, 
respect for others, nationalism, and religion) are transmitted; 
and drilling, in which a child is taught such behaviors as po-
liteness, table manners, hygiene, punctuality, and obedience. 

The education provided to youngsters in the past had 
much practical or economic value. Schools for the working 
masses did not teach much beyond basic literacy and a great 
deal of religion. Britain may have been over-educated on the 
eve of the Industrial Revolution. The great engineers and in-
ventors who made the Industrial Revolution were rarely well 
educated. There has been little visible return to the large 
amounts invested in education in developing countries in the 
1990s. European countries that had achieved high levels of 
human capital under communism do not seem to have been 
uniformly able to take advantage of it. It seems plausible that 
individualistic societies have more incentives for would-be 
innovators, because they tend to reward individuals who in 
some sense stand out. 

Religious communities, especially among minorities, 
created a shared social identity and a solidarity among its 
members that created a level of trust that made exchange be-
tween its members more likely. Jesuit schools emphasized not 
just religious and moral teaching but also insisted on the inclu-
sion of useful knowledge such as mathematics and physics in 
the curricula. Confirmation bias and coercion bias had to make 
way for content bias. The same qualities that make people 
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tolerant also make them receptive to new ideas. Production 
and work became virtues, and thus educated and intelligent 
individuals became involved in them. 

Much of the new and improved useful knowledge 
was indeed the result of local technological projects carried 
out by the tacit genius of on-the-spot practitioners, but what 
made it significant was that it was carried out in a coherent 
cultural context in which ideas and techniques competed for 
acceptance and prestige in a larger European environment. A 
degree of patience and willingness-to-delay-gratification, or 
other attitudes toward time differ a great deal across societies. 
Such preferences are important, because they help determine 
not only the rate of savings and thus physical capital accumu-
lation, but also of investment in human capital and skills. Such 
preferences are learned behavior termed “patience capital.” It 
requires investment by parents to instill into their offspring the 
willingness to invest in order to reap a higher income at a later 
time. 

Industrial Enlightenment was a foundation of the In-
dustrial Revolution. Monks were a large component of the 
intellectual elite of the Middle Ages. The technological 
achievements of medieval Europe such as the invention of 
heavy ploughs, mechanical clocks, spectacles, windmills, iron-
casting, firearms, and the shipping design and navigational 
equipment eventually allowed Europeans to cross large 
oceans. These inventions were not based on a deep under-
standing of why and how the techniques worked, and therefore 
they were likely to dead end in technological stasis early on. 
The progressive attitudes of medieval culture were not guaran-
teed to last, and they did not; by the 15th century, the Catholic 
Church had become more inward looking, conservative, and 
averse to change. But it let the genie out of the bottle. Techno-
logical creativity blossomed in 15th-century Europe, including 
the invention of the movable-type printing press, the casting of 
iron, and major advances in shipbuilding and navigational 
instruments.  

The voyages of discovery in early modern Europe 
opened the floodgates of information on alien societies. The 
names of medical authorities such as Al Razi (Rhazes) and Ibn 
Sina (Avicenna) were latinized, and medieval medicine never 
hesitated to adopt them as the core of the medical canon for 
centuries, knowing full well that they were Muslims. But there 
was little in Western culture that Islam adopted before the 
19th century. Science went after things hitherto unknown, as if 
hunting for new prey. The “Science as a venatio [hunting]” 
concept is an analogy that spoke to the age, because hunting 
was very much an upper-class phenomenon and thus provided 
natural philosophy with the respectability that its practitioners 
eagerly sought. 

In response to the shock of new knowledge being un-
leashed by the voyages, a growing number of mathematicians 
began to see themselves as experimentalists and explorers 
rather than as the guardians of a fixed, unchallengeable Eu-
clidian truth. In their hands, the quest for a hidden golden land 
beyond formidable obstacles became a metaphor for the quest 
for knowledge in general and mathematics in particular. The 
difficult problem remains that Islamic science’s subsequent 
development and practical effects were to be found in the 

West, not in the “Arabic world.” The difference between Eu-
ropean and Asian culture was that Europeans on the whole 
saw opportunities in the new techniques and products they 
encountered and were willing to abandon traditional and trust-
ed techniques. It is striking how difficult it was for non-
Western societies before 1900 to adopt Western (and indeed 
all foreign) ideas and techniques. 

Others, like the Ottomans, picked up some items 
from the West such as more advanced firearms, but declined 
others until (not unlike Japan) they discovered that shutting 
out Western useful knowledge altogether meant that they 
would not be able to compete militarily and politically. The 
cotton and chinaware industries, 2 of the paradigmatic indus-
tries of the Industrial Revolution, bear the evidence of Euro-
pean willingness to adopt foreign techniques (Asian). The 
relatively fast rate of cultural change in the West can be seen 
most prominently in the Reformation, which criticized and 
revised long-standing Christian dogma and worship rituals, 

The other symptom of cultural change in Europe was 
the emergence of a peculiar upper class trend known as “vir-
tuosity.” They turned curiosity, once regarded as a vice, into a 
virtue. As the Baconian influence became more pervasive after 
1650, the virtuosi allowed possible utilitarian motives to affect 
their agendas. Competition for fame and reputation became a 
central feature of intellectual life in 17th-century Europe. 
Books were prohibited both in Catholic and in Protestant are-
as, but the ubiquity of the printing press made a mockery out 
of these prohibitions. Potential cultural entrepreneurs emerged 
in other societies as well, but did not succeed in bringing 
about a radical shift in the prevailing culture of the groups that 
mattered for sustained technological change.  

Scholars have also stressed the central role of the 
printing press as a causal agent in the post-1500 changes. Cod-
ifiable knowledge was not all there was to know. Artisanal 
knowledge was still predominantly tacit knowledge, and its 
transmission required personal contact. Commerce drove a 
search for accurate information and knowledge about the na-
ture of goods, their prices, their measurable characteristics, 
such as quantity and volume, and their geographical origins. 
Trust and credibility, aimed at discovering and accumulating 
knowledge of the material world, were the values of both the 
hard-headed merchant and those of the naturalist and physi-
cian. 

Within Europe itself, urbanization, growing intra-
European trade, the commercialization of agriculture, and the 
printing press, all helped to change the European environment. 
None of these events made the cultural innovations of early 
modern Europe inevitable— many shocks created not innova-
tion and dynamic development but retrogression and retreat. 
Other societies responded to shocks by taking a conservative 
turn and digging in— as Qing China and Tokugawa Japan 
both did. Europe was unique. 

Coercion bias is when incumbents erect high barriers 
to entry into the market for ideas to protect their monopoly. 
What changed history was that in Europe, over the long term, 
the innovators defeated conservatism. This did not happen 
anywhere else. The benefits of this competition must be 
weighed against the tremendous costs of destructive warfare 
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and military spending. National emulation was regarded as the 
key to the competitive pursuit of national economic excellence 
and produced in this view proficiency in the arts and sciences. 
The boundary between emulation and jealousy was as vague 
as the boundary between peaceful competition and a more 
pernicious nationalism that could end in international vio-
lence. 

The Jesuit Order, the most effective and consistent 
conservative force in Europe, did all it could to suppress new 
ideas. The popes used their religious influence to prevent any 
European ruler from amassing too much power. What 
emerged in medieval Europe, is that political fragmentation 
was coupled with an intellectual and cultural unity, an inte-
grated market for ideas that allowed Europe to benefit from 
the obvious economies of scale associated with intellectual 
activity. This unique combination of political fragmentation 
with the pan-European institution of the Republic of Letters 
holds the key to the dramatic intellectual changes after 1500. 

The unique situation in Europe was that intolerance 
and the suppression of cultural heterodoxy, long before they 
fell out of fashion, could not be properly coordinated. The 
ability of intellectual innovators to move about the Continent 
to escape potential persecutors left the incumbents powerless 
to suppress innovations. By the closing decades of the 18th 
century the forces of the Enlightenment had become too pow-
erful to resist. Among those entities in early medieval Europe, 
monasteries had been in the vanguard. Gradually they were 
joined by universities, where the sons of the elite were offered 
information and beliefs beyond their early socialization and 
could be exposed to intellectual innovations. 

The goal of the typical university scholar was textual 
purity rather than scientific truth. Universities competed with 
other scientific organizations. Kings were often interested in 
technological innovation as a way of strengthening their tax 
base or military capability, and thus guilds could be seen on 
both sides of the line. Another of the independent corporations 
that Europe offered was the autonomous, self-governing city. 
Political fragmentation was thus important for more than re-
strained taxes and effective governance; it was a major factor 
in the emergence of cultural pluralism. Studies of European 
intellectuals show that they had a high rate of mobility. Trav-
eling to study with the best and most prestigious scholars re-
mained a central mode of learning. Moreover, even when in-
tellectuals could not move easily, their books and writings 
did— in great part thanks to the printing press and the growing 
ease of shipping books. 

A transnational Republic of Letters was the ultimate 
realization of the Talmudic wisdom that the jealousy of the 
learned shall increase wisdom. There was fierce competition 
among states and wealthy individuals for the privilege to host 
the best and the brightest. The Republic of Letters resolved the 
problem of rewarding creative individuals for efforts and tal-
ent and above all for originality and creativity. Competitive 
patronage was the chief mechanism. 

With remarkably few exceptions, European scholars 
who made discoveries or generated new insights of any kind 
placed the information in the public realm through books, 
pamphlets, personal correspondence, and periodicals. The 

growth of open science as the central institutional principle of 
the intellectual world of early modern Europe did not occur by 
any conscious design. It was an emergent property, the unin-
tended consequence of a different phenomenon: scholars try-
ing to build reputations among their peers in order to gain var-
ious advantages. The economics of useful knowledge is com-
plex precisely because of the appropriability issues associated 
with all knowledge creation, which makes it practically im-
possible to impart it to some and exclude others. 

Most societies that ever existed produced less useful 
knowledge than they could have because rewards were absent 
and the risks were substantial. Propositional knowledge was 
normally placed in the public realm, with the hope that others 
would recognize it and attribute it henceforth to the author and 
thus enhance his or her reputation. New technology tried to 
earn rents by exclusion. In some areas inventions could be 
patented. In other cases, engineers and inventors whose work 
created novel prescriptive knowledge sought publicity, be-
cause reputations could gain them lucrative commissions. This 
blurring between the spheres of open science and proprietary 
technology reduced the monetary rewards of many inventors, 
but it speeded up the dissemination of new technology by ap-
plying the ideology of open science to the realm of technolo-
gy. 

Knowledge shares many of the characteristics of a 
commons. Such a community was essential in creating the 
norms and rules that in turn generated the useful knowledge 
necessary for sustained economic growth. The community in 
question was known in its time as the Republic of Letters. The 
market was one in which persuasion was akin to a successful 
sale, and the payoff was an enhanced reputation. It provided 
an unusual institutional framework that eventually proved 
important to the economic development of Europe by setting 
up norms and incentives that made the market for ideas work. 

The main rules governing the Republic of Letters 
were freedom of entry, contestability (the right to challenge 
any form of knowledge), transnationality, and a commitment 
to placing new knowledge in the public domain. These rules 
set them morally apart from the world of trade in which in-
formation was bought and sold. The emergence of new useful 
knowledge in the Republic of Letters depended on skepticism 
and the contestability of all authority. By contrast, strong ties 
in coherent and localized groups may have been preferable in 
the dissemination of tacit and practical knowledge, such as 
artisanal skills that were exchanged through apprenticeships 
and personal contacts. The very fact that so little of the science 
had significant useful applications that really mattered made 
open science possible.  

Special nodal figures whose responsibility it was to 
copy letters and send them on to other members were known 
as “intelligencers.” Of great importance in the operation of the 
Republic of Letters was the improvement in the continent-
wide flow of mail. There is no contradiction between the coex-
istence of harmonious and competitive forces. Credit without 
direct profit became the rule for intellectual property rights in 
the Republic of Letters. Legitimacy— a shared set of beliefs— 
reduces enforcement costs for any institution. This growing 
legitimacy of the Republic of Letters made it successful in 
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imposing its rules. Reputations required openness. The “inven-
tion of the merit yardstick” as a measure of intellectual worth 
was a radical innovation.  

The age of mercantilism expected trained mathemati-
cians and engineers to help improve navigation, ship-design, 
and the technical aspects of warfare. Tutoring children of the 
rich and noble was another common service rendered by intel-
lectuals in search of a secure and peaceful existence. Their 
intelligence and expertise came in handy in affairs of state. 
Indeed, many of the prominent scientists of the time were ac-
tive as diplomats or advisors. The most heterodox thinkers 
needed to keep a clear path to retract their views or had to find 
powerful protectors, or else they could find themselves on 
trial, in jail, or dead. What was new was a scientific communi-
ty that recognized the experimental method and the replication 
of experimental results as a powerful means of persuasion. A 
fairly small number of world-famous intellectuals attracted a 
disproportionate amount of the fame and patronage of the 
time. But the effect of the concentration of the payoffs among 
superstars had enormous externalities, because it demonstrated 
to young and ambitious intellectuals the rewards of winning 
this lottery. 

The Republic of Letters illustrates how an evolution-
ary change that takes place in tiny minorities can have cascad-
ing consequences for the population at large. Between 1500 
and 1700 Europe thus experienced an accelerated rate of cul-
tural development. It discovered Protestantism, the structure of 
the solar system, the circulation of blood, the atmosphere, cal-
culus, the laws driving the motion of heavenly and earthly 
bodies, biblical textual criticism, and many things in between. 
The Enlightenment was the final stage in the cultural evolution 
that eventually led to the Industrial Revolution and modern 
economic growth in Europe. It stressed the 2 elements needed 
for the material progress of the nation and society. One con-
sisted of the growth of useful knowledge, and the interaction 
between theory and practice; the other of improving the politi-
cal institutions that governed the rules of the economic game 
and how resources were allocated and income distributed. 
Scientists began to “handle evidence in the way that lawyers 
and theologians had been handling it for many years.  

In matters subject to reason and the senses, authority 
was useless. Only those with proven creativity could judge 
that of others. The imprimatur of expertise was no longer 
awarded solely by rulers, priests, and the establishment. The 
concept of direct bias bestowed new importance on the influ-
ence of Bacon: while not much of an authority on science 
himself, his work helped set the metabeliefs underlying the 
mechanisms that appointed some scholars as experts and judg-
es on the validity of ideas and helped establish the reputation 
mechanism that propelled the system forward. Gresham’s Law 
was in reverse in which good facts drive out bad facts. 

Legitimization through social status is consistent with 
direct bias (in which the patron becomes the authority adjudi-
cating which scientific work is meritorious). Moreover, it 
serves as a prime example of model-based bias (in which the 
prince sets the tone for his subjects of what is right and just 
and what is not). The Thirty Years War convinced of the mer-
its of tolerance and pluralism. Both can be seen as examples of 

salient event bias. The scholarly network in the Republic of 
Letters stimulated intellectual innovations in ways that created 
a huge synergy in which the output of the intellectual commu-
nity was far larger than the sum of the individual components 
had they all worked on their own. The belief in the power of 
knowledge and reasoning to improve life and society remains 
one of the most important common denominators of all its 
versions. 

Britain in the 18th century has been dubbed the “As-
sociational Society.” The significance of these associations is 
in the creation of a civil economy in which economic agents 
behaved in an honorable manner and thus minimized the need 
for 3rd party (that is, the state) enforcement of contracts. By 
1700 there were 2,000 coffeehouses in London [the internet 
effect]. The Industrial Revolution started in Britain. Where 
Britain may have differed is in the emergence of the Puritan 
movement. Our modern scientific utilitarianism is the off-
spring of Bacon begot upon Puritanism. Scientists insisted that 
their investigations of nature would make no sense without a 
creator who designed a universe in which bodies obeyed rules 
that scientists themselves could not possibly understand and 
he explicitly invoked the clockmaker analogy. The coevolu-
tion of culture and local institutions, a major example of which 
was the coevolution of Puritanism and the English part of the 
Republic of Letters. The Puritan ideology built upon the Ba-
conian belief that experimental science was a Christian reli-
gious activity. The book of nature could be interpreted as di-
vine revelation. For many of the scientists in the 2nd half of 
the17th century, scientific writing and research was a mode of 
worship. Once this cultural element was sufficiently estab-
lished, and the belief in the virtuousness and even sanctity of 
useful knowledge was sufficiently entrenched, it became a 
dominant cultural element. In the market for ideas, one of the 
most successful ones that won out in the 17th century in much 
of Western Europe was the idea of tolerance. Another was a 
cultural attitude toward work. What we call leisure, the Puri-
tans thought of as idleness. In the age of English Puritanism, 
parents insisted that the values and beliefs taught to their chil-
dren were consonant with theirs. 

An upper class that believes in human capital but 
teaches its youngsters fencing, poetry, hunting, and classical 
languages will create a different stock of human capital from 
one that teaches accounting, chemistry, woodworking, and 
mechanics as well as a high valuation of patient capital. “Puri-
tan science” transformed itself into “Anglican science” during 
the restoration, reaching maturity in the science of Isaac New-
ton. While Puritanism was a very British phenomenon, the 
science that it created easily disseminated abroad. 

Bacon sensed that the deepest obstacle to the advance 
of science was the stubborn belief that knowledge has its ebbs 
and flows and that when it reaches a certain point it can ad-
vance no further. While the ancients may have been defeated 
in the sciences and philosophy, they “held fast to literature and 
the arts.” Jews played an almost negligible role in the history 
of science and technology before and during the early Indus-
trial Revolution. Only after they shook off their obsession with 
the writing of past generations during the Jewish education 
movement did the share of Jews among leading scientists and 
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inventors rise steeply. Before the French Revolution, French 
expectations of social and economic progress were based on 
little more than an envious glance at Britain and much wishful 
thinking. The cosmopolitan Republic of Letters was always 
under threat and in the closing years of the century fell victim 
to nationalist proclivities. The idea of progress proved conso-
nant with Western Christianity in ways that seemed to have 
eluded Islam and Judaism. Medieval Europe was suffused 
with millenarian beliefs of history leading to a better world in 
which a Paradise would be reinstated at the end of history. 
Britain in the age of Enlightenment was still a religious nation, 
and the advocates or progress had to deploy religious meta-
phors. 

The market for ideas and the cultural entrepreneurs of 
the 17th century who emerged from it gave rise to the intellec-
tual movement known as the Enlightenment: a complex, het-
erogeneous, and at times mutually incompatible set of cultural 
beliefs. A culture of practical improvement, a belief in social 
progress, and the recognition that useful knowledge was the 
key to their realization. These beliefs were complemented by 
other cultural elements we see as enlightened: the idea of po-
litical power as a social contract, formal limits on the execu-
tive branch, freedom of expression, intellectual contestability, 
religious tolerance, basic human legal rights, the realization 
that exchange was a positive-sum game, the virtuousness of 
economic activity and trade, the sanctity of property rights. 
What counts for economic history was the beginning of a long 
and drawn-out rise in the belief in the transformative powers, 
social prestige, and virtuousness of useful knowledge. A sci-
entist (Newton) and later an engineer (Watt) became symbols 
of a national spirit and a heroism that had nothing to do with 
the battlefield and everything to do with the creation of useful 
knowledge. Had skilled artisans and dexterous workers by 
themselves been able to make more than local and marginal 
changes in technology, the Industrial Revolution might have 
taken place in India.  

Early modern science solved 2 of the most difficult 
problems it set for itself: the calculation of the trajectory of a 
projectile, and the determination of longitude at sea. Benjamin 
Robins’ New Principles of Gunnery [1742] transformed ballis-
tics into a Newtonian science. Another successful application 
of increased scientific understanding to a directly useful pur-
pose was the growth of gas lighting in the late 18th century. 
The scientific basis for the controlled burning of gases was 
pneumatic chemistry. An influential paper on the efficiency of 
water wheels (1704) soon became the standard text on hydrau-
lics. Antoine Parent applied the newly-invented differential 
calculus to find the maximum efficiency of water wheels be-
came a cornerstone of one of the first major engineering hand-
books published. 

Useful knowledge and artisanal dexterity were 
strongly complementary, and they created a synergy that 
changed the history of humankind, precisely as Bacon had 
hoped for. A world of technological progress entirely carried 
by skilled and imaginative artisans, without any input from 
Baconian-minded intellectuals and natural philosophers, might 
have seen some local technical advances in textiles and metals 
in the 18th century, but it would not have produced a sustaina-

ble and self-reinforcing Industrial Revolution. Many societies 
we associate with technological stasis were full of highly 
skilled artisans, not least of all Southern and Eastern Asia. 
Without the infusion of radical new ideas from natural philos-
ophy, and eventually chemistry and mathematics, such capa-
bilities would not have amounted to the phase transition that 
they became. A purely artisanal knowledge society will not 
create a cluster of macro-inventions that revolutionizes pro-
duction from the foundation. The technological revolutions 
that brought the world economic growth and prosperity were 
not the result of either artisanal ingenuity or scientific method 
and discovery, but from the confluence of the 2. That conflu-
ence is the essence of the Industrial Enlightenment. 

Belief that skillful naturalists could help transform 
farming was widely shared, and it inspired the establishment 
of agricultural societies and farm improvement organizations 
throughout Europe. The timing suggests that the causality ran 
primarily from cultural change to the growth of useful 
knowledge, and not the reverse. Even Adam Smith did not 
realize that innovation was about to become an important (and 
eventually the central) source of economic growth. The hope 
of enlightened men and women in the early 18th century that 
useful knowledge would become the central factor in econom-
ic change was based on a metaphysical belief that the universe 
was knowable and manipulable, and the hope that the accumu-
lation of natural knowledge would eventually pay off. Two of 
the most spectacular inventions of the 18th century, the steam 
engine and the hot air balloon, may have had that effect de-
spite their marginal economic importance because of their 
visually awe-inspiring and revolutionary nature. There was a 
deep concern that technological progress could throw workers 
out of work and that the discovery and use of machinery may 
be attended with a diminution of gross produce; and whenever 
this is the case, it will be injurious to the laboring class as 
some of their number will be thrown out of employment. 

 The rebellion against the authority of ancient scrip-
tures and sages was continued by tightening the standards of 
evidence, making them more rigorous. More reliable and ac-
curate instruments were a key part of the persuasion process. 
The Enlightenment invented the concept of data. The increas-
ing reliance on mathematics and graphical representation in 
technical works supported this need for precise and effective 
communication. In the 17th century most of “learned Europe” 
was still largely innumerate, but in the second half of the 18th 
century propositional knowledge, from temperature and rain-
fall tables, to agricultural inputs and yields, the hardness and 
softness of materials, and economic and demographic infor-
mation, was increasingly presented in tables. Cultural evolu-
tion and the growth of useful knowledge, whether codified or 
tacit, was shared by only a minute percentage of the popula-
tion in only a few nations. The dynamics of competition in a 
market economy are such that in the long run, the few drag 
along the many. 

The famous “Needham question”— why Chinese 
science and technology, after first pulling ahead of Europe, 
were unable to keep pace— remains irrepressible. Why did the 
Chinese society in the 8th century A.D. favor science as com-
pared with Western society, and that of the 18th century A.D. 
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inhibit it? It is typical for science to advance when different 
cultural and philosophical traditions are allowed to mix, but 
then for it to stagnate and even be reversed when conflict and 
disorder occur? What was exceptional was not what happened 
in China but what happened in Europe, where no such re-
trenchment occurred. 

There is no evidence that technological progress be-
fore, during, or after the Industrial Revolution was on balance 
labor-saving. At times, it saved labor; at times, it saved capital 
and energy; at times it did neither and just made better or alto-
gether new products. Only when Europe began to apply sys-
tematic research in propositional knowledge to production did 
the balance tilt in its direction. Contrast Europe’s diversity and 
pluralism with China’s alleged homogeneity and unified state. 
Fragmentation provided Europe with a set of political authori-
ties that were “mutually restraining” and thus gave noncon-
formist thinkers in Europe substantial degrees of freedom. 

As late as 1750, China was roughly speaking on par 
with Europe (though behind Britain). The crackdown of the 
Qing emperors on real or suspected political dissent and the 
mistrust of foreigners had real consequences on the market for 
ideas. Chinese education was almost entirely aimed at prepar-
ing civil servants. A divergence between Europe and China is 
driven by deep cultural and institutional differences, but they 
have to do with the basic organization of society, not the met-
aphysical differences between Confucianism and Judeo-
Christian religions. The West adopted many of the technologi-
cal insights of the East, from gunpowder and porcelain to um-
brellas and smallpox variolation. In more modern days, it still 
had no qualms about adopting Chinese technology, from acu-
puncture to Asian cuisine. But it had no interest in copying the 
philosophical and institutional underpinnings of Chinese use-
ful knowledge. The Confucian view held that social and polit-
ical stability and continuity were fundamental values and ob-
jects of social policy, and thought of proper government as 
directed toward virtue and justice as opposed to disruptive 
progress. The Chinese experience illustrates the fact that a 
competitive and open market for ideas was not the only road 
to progress in useful knowledge, it was just the most sustaina-
ble and effective one. Unlike Europe, there was no competi-
tive political pluralism that heretics and intellectual innovators 
could exploit to create an open and competitive market for 
ideas. 

Institutions that were established originally for one 
purpose have very different and unanticipated consequences. 
The imperial service examination system eventually turned 
into a powerful tool to defend incumbent literati against the 
threat of intellectual innovators who threatened their political 
influence and the value of their human capital. The core of the 
imperial examination system was the mindless memorization 
of Zhu Xi’s commentaries on which every ambitious Chinese 
lad had to waste his childhood. These examinations remained 
the instrument through which the ancient texts became an in-
strument of repressive conformity. The study of mathematics 
and medicine were held in low esteem, because they were not 
fostered by honors as is the study of philosophy. Such an ar-
rangement was a prescription for stagnation. The growing 
narrowness of the curriculum was not inevitable. As it hap-

pened, however, it increasingly became an agenda-setting de-
vice of incumbents to protect their turf. 

Because of its higher levels of diversity and competi-
tion, the European market for ideas allowed innovative and 
nonconformist minds to thrive and eventually to generate plu-
ralism and intellectual innovation on a scale that the Chinese 
system suppressed. The competitive market for ideas was 
hamstrung by the fundamental understanding of all philoso-
phers that “open divergences of view were limited to areas 
that did not threaten the political status quo.” In that culture, it 
was hard for the market for ideas to generate the kind of tradi-
tion-shattering innovations that the European cultural envi-
ronment generated after 1500. Unlike the rediscovery and res-
urrection of classical learning in early modern Europe, the 
Chinese orthodoxy never came under the withering criticism 
of observation and experimentation, augmented by better in-
struments and more advanced mathematics. Scholars turned 
more conservative because antiquity became less a source of 
renewal than a source of refuge. Most Chinese thinkers 
thought that the past was better than the present. 

Song China, instead of taking off and becoming the 
workshop of the world, slid back into a technologically more 
stagnant economy. Qing China was above all a society in 
which the major players sought stability and prosperity. The 
historical irony is that prosperity as it was experienced after 
1750 required creative destruction, the very opposite of social 
and economic stability. 

The divergence between Europe and China occurred 
because the culture that generated and diffused useful 
knowledge in Europe and the institutions that supported it in 
the age of Enlightenment caused the epistemic bases of tech-
nology to become eventually ever wider. By 1668, the tradi-
tional technologies of Europe and China alike were both based 
more on practice than on theory and had both reached approx-
imately the highest point possible for such technologies before 
the advent of modern science. Comparing Chinese technologi-
cal achievements not only with those of the West but also with 
its own successes during the Song clearly indicates a deceler-
ating progress. China’s technological somnolence was rudely 
interrupted by the exposure to Western technology in the 19th 
century. 

While the idea of a Supreme Being was not absent in 
China, it was depersonalized and lacking in ideas of creativity. 
As a result, the Chinese lacked the concept of a rational celes-
tial legislator whose laws could be deciphered by people using 
scientific methods. China paradoxically lacked a unifying sin-
gle coordinating mechanism such as a competitive market in 
which new ideas were tested. What early European intellectu-
als did to Aristotle, Ptolemy, and Galen, their Ming-Qing col-
leagues could not do to Confucius and others. Some tech-
niques— most famously in shipbuilding and clock making— 
seem to have fallen into disuse and disappeared. 

Another crucial element largely missing in China was 
the institutional bridges that 18th-century Europe built be-
tween those who possessed propositional knowledge and those 
who controlled prescriptive knowledge. The information flows 
between those who knew things and those who made things 
were far narrower and weaker in China than in Europe. The 
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Baconian emphasis on creating communications not just with-
in the scholarly community and between scholars and people 
in power, but eventually also between the realm of the scholar 
and those of the manufacturer, the farmer, and the navigator, 
redefined the agenda of research in Europe. 

Nations and their economies grow in large part be-
cause they increase their collective knowledge about nature 
and their environment, and because they are able to direct this 
knowledge toward productive ends. But such knowledge does 
not emerge as a matter of course. In only one case did such an 
accumulation of knowledge become sustained and self-
propelling to the point of becoming explosive and changing 
the material basis of human existence more thoroughly and 
more rapidly than anything before in the history of humans on 
this planet. That one instance occurred in Western Europe 
during and after the Industrial Revolution. The rise of the En-
lightenment in the late 17th century was the culmination of a 
centuries’ long process of intellectual change among the Eu-
ropean literate elite. The changes in the market for ideas were 
the crucial events that set Europe apart from the rest of the 
world. 

The Islamic world, Africa, China, India, and the orig-
inal societies of America were all exposed to European cul-
ture, and their trajectories were irreversibly perturbed. Tech-
nology in any economy crystallizes at some point, and pro-
gress slows down and then fizzles out. Cardwell’s Law: the 
stagnation occurs because the status quo can suppress further 
challenges to entrenched knowledge and blocks non-marginal 
advances using a range of means. Breaking out of Cardwell’s 
Law requires, above all, a community that combines pluralism 
and competition with a coordination mechanism that allows 
knowledge to be distributed and shared, and hence challenged, 
corrected, and supplemented. 

To see the true importance of the European Enlight-
enment in the economic developments that followed it, recall 
that it involved 2 highly innovative and complementary ideas: 
the concept that knowledge and the understanding of nature 
can and should be used to advance the material conditions of 
humanity, and the belief that power and government are there 
not to serve the rich and powerful but society at large. The 
combination of these 2 and their triumph in the market for 
ideas created a massive synergy that led to the economic sea 
changes we observe, from industrialization and the growth in 
physical and human capital to the discovery and mastery of 
natural forces and resources that were still beyond imagining 
in 1750. 

 
[This book develops the theme of how culture con-

tributed to the modern economy. It supports the notion of a 
useful balance between the positive energy from competing 
laboratories of national governments on one hand and the 
economies of scale of globalism on the other--along with its 
repressive effect of uniformity and conformance. 

The drivers of technological progress and eventually 
economic performance were attitude and aptitude. It is a hall-
mark of open and culturally dynamic societies that all authori-
ties are contestable and are subject to continuous critique and 
scrutiny. The proliferation of successful entrepreneurs is a 

telltale sign of well-functioning markets. Aristotle’s lasting 
insight was that knowledge was a collective activity, a social 
phenomenon, to be organized and distributed. The ubiquity of 
the printing press made a mockery out of the prohibitions  of 
books. In Europe, over the long term, the innovators defeated 
conservatism. This did not happen anywhere else. What 
emerged in medieval Europe, is that political fragmentation 
coupled with intellectual and cultural unity. This unique com-
bination of political fragmentation with the pan-European in-
stitution of the Republic of Letters holds the key to the dra-
matic intellectual changes after 1500.The “invention of the 
merit yardstick” as a measure of intellectual worth was a radi-
cal innovation. What was new was a scientific community that 
recognized the experimental method and the replication of 
experimental results as a powerful means of persuasion. Our 
modern scientific utilitarianism is the offspring of Bacon and 
Puritanism. The idea of progress proved consonant with West-
ern Christianity in ways that eluded Islam and Judaism. Many 
societies we associate with technological stasis were full of 
highly skilled artisans, not least of all Southern and Eastern 
Asia. The technological revolutions that brought the world 
economic growth and prosperity were not the result of either 
artisanal ingenuity or scientific method and discovery, but the 
confluence of the 2. The timing suggests that the causality ran 
primarily from cultural change to the growth of useful 
knowledge, and not the reverse. The Enlightenment invented 
the concept of data. The dynamics of competition in a market 
economy are such that in the long run, the few drag along the 
many. Why did the Chinese society in the 8th century A.D. 
favor science as compared with Western society, and that of 
the 18th century A.D. inhibit it? Only when Europe began to 
apply systematic research in propositional knowledge to pro-
duction did the balance tilt in its direction. The Chinese expe-
rience illustrates the fact that a competitive and open market 
for ideas was not the only road to progress in useful 
knowledge, it was just the most sustainable and effective one. 
Most Chinese thinkers thought that the past was better than the 
present. The historical irony is that prosperity as it was experi-
enced after 1750 required creative destruction, the very oppo-
site of social and economic stability. The divergence between 
Europe and China caused the bases of technology to become 
eventually ever wider. Some techniques— most famously in 
shipbuilding and clock making— seem to have fallen into 
disuse and disappeared in China. In only one case did an ac-
cumulation of knowledge become sustained and self-
propelling to the point of becoming explosive and changing 
the material basis of human existence more thoroughly and 
more rapidly than anything before in the history of humans on 
this planet. That one instance occurred in Western Europe 
during and after the Industrial Revolution--a community that 
combines pluralism and competition with a coordination 
mechanism that allows knowledge to be distributed and 
shared, and hence challenged, corrected, and supplemented] 


