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Abstract

Academic human capital is widely believed to be important for economic growth,
both historically and today. However, different fields of knowledge—such as theology,
law, or science—are not equally important. Using a novel database of premodern Eu-
ropean academics (1000-1800), we apply machine learning to classify scholars’ fields
based on publication titles. We compare these constructed fields to scholars’ teaching
disciplines and trace how their shares evolved, highlighting the Humanistic Revolution,
Reformation, Scientific Revolution, and Enlightenment. As an application, we measure
the historical relationship between scholarly output and economic growth. We find that
an increase in scholarly output equivalent to a thousand minor scholars is associated
with a 20.56% higher income per capita in the scholars’ regions of birth by 1900. Fur-
thermore, regions with a higher share of scholars in science and botany show stronger
income growth. To address endogeneity, we instrument scholarly activity using exoge-
nous variation from forced migration. We propose a mechanism consistent with these
findings: scholars foster human capital accumulation among their fellow natives.

JEL codes: N33, 047, 123



1 Introduction

The accumulation of knowledge is a crucial factor in economic development. It helps ex-
plain the West’s prosperity and disparities in income among countries (Mokyr 2002, 2016;
Galor 2022). Europe has had a strong tradition of scholarship, reaching back to the ear-
liest Medieval universities. However, the link between historical scholarship and economic
development is unclear. First, it is hard to quantify academic knowledge, as it covers diverse
subjects and can be embedded in various forms. Second, it is unclear what types of formal
scholarship would eventually lead to practical applications in the economy.

In this study, we propose a novel method to quantify the knowledge produced by pre-
modern academia.To unravel which types of knowledge was more conducive to economic
development, we group scholars in different clusters using a machine learning algorithm,
with each cluster representing one academic field. We find a particularly strong association
between growth and the field related to mathematics and physical sciences and the field
related to botany and life sciences. Then, to mitigate endogeneity concerns, we develop an
instrumental variable strategy based on three distinct historical episodes of forced migra-
tion. This strategy provides evidence of a causal link between local knowledge production
and future growth. Finally, we investigate the underlying mechanisms linking past scholar-
ship to regional income, hypothesizing that scholars serve as catalysts for inspiration among
successive generations, fostering the pursuit and application of knowledge.

Our dataset contains sixty thousand scholars compiled from five hundred secondary
sources on the members of universities and academies. To measure the productivity of
these scholars, we count every edition of every work attributed to them in WorldCat Iden-
tities. This approach is complementary to that of De Courson, Thouzeau, and Baumard
(2023), who use Wikipedia as both the index of individuals and the measure of output, or to
Borowiecki, Kristensen, and Law (2024) who used the length of their entry in a music ency-
clopedia to measure output of classic music composers. The important difference is in which
individuals are assigned a measure of productivity. Our sample is both more exclusive, in
that it only considers members of academia, and more inclusive, in that we are not selecting
based on retroactive notability. Our approach is also complementary to that of Johnson,
Thomas, and Taylor (2023), who use texts as a measure of the local adoption of printing
presses. We focus on the locations of authors, not publishers, and thus measure the human
capital of scholars instead of the physical capital of printing presses.

Beyond measuring the quantity of academic knowledge in general, we also consider the
types of knowledge produced. It has been argued that specific types of knowledge were

important for economic growth. For example, scientific knowledge pushed the envelope of



propositional knowledge, leading to future economic applications (Wootton 2015; Danna
2022). Academic knowledge contributed to building better political and economic institu-
tions as far back as the Middle Ages (Mitterauer 2010). Theologians promoted nuclear family
structures (Henrich 2020; Schulz et al. 2019; Schulz 2022), held beliefs compatible with the
spirit of capitalism (Weber 1930), and encouraged education to read the Bible (Becker and
Woessmann 2009). Lawyers developed Roman and civil law encouraging trade (Cantoni and
Yuchtman 2014) and physicians laid the ground for advances in botany (Hill 1915).

Our fields of study are based on a list of subjects associated with the works by or about
the author from the WorldCat Identities database. The subjects are based on the FAST
subject terminology schema developed by OCLC (the organization that develops WorldCat)
and the Library of Congress. Using these subjects, we use an unsupervised machine learning
algorithm — k-means clustering — to assign each author to a cluster. This approach is
similar in spirit to Grajzl and Murrell (2023), Almelhem et al. (2023), Koschnick (2023),
and Johnson and Taylor (2023). Their algorithms classify texts into topics. In our work,
we classify scholars into fields based on their associated topics. These papers also share an
interest in how types of knowledge matter for economic growth. Our paper is complementary,
as we focus on the production of knowledge in academia and look at the regional impact
across Europe.

While our database of scholars ends in 1800, estimates of income are too sparse before
1900 to compare all regions where scholars were born. Thus, we focus on outcomes in 1900,
using estimates of GDP per capita for the contemporary NUTS2 European regions from
the Rosés-Wolf database on regional GDP (Rosés and Wolf 2021). One advantage of this
approach is we are looking at gains from both the First and Second Industrial Revolutions.
While during the First Industrial Revolution there was a major role for the human cap-
ital and idiosyncrasies of craftsmen and inventors, the Second Industrial Revolution saw
a more direct pipeline between scientific knowledge, applied innovations, and an educated
workforce (Cinnirella and Streb 2017).

To mitigate endogeneity concerns from omitted variables, we identify refugee scholars
originating from the expulsion of the Huguenots from France, the flight of British Catholics
post-Reformation, and the escape of Byzantine scholars following the fall of Constantinople.
Exiles and expatriates have been shown to matter in the history of knowledge (Burke 2017)
and have already been used to solicit exogenous changes in human capital (in the context of
Jewish scholars and Nazi Germany, see Moser, Voena, and Waldinger (2014) and Waldinger
(2012)). By instrumenting the aggregated output of scholars from a region with an indicator
reflecting the presence of a refugee scholar, we find slightly stronger effects of local scholar-
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belonged to the intellectual elite, and we also know that forced migrants shift their invest-
ment towards human capital because it is portable (Becker et al. 2020). In each case, scholars
appeared to have resettled based on physical proximity, not factors strongly correlated with
economic growth.! Moreover, we find that refugees did not select their destination based on
previous regional levels of scholarship.

Finally, we explore the underlying mechanisms that establish a connection between past
scholarship and regional income. Although there is a considerable literature documenting
local effects from universities in modern contexts (e.g., the studies by Kantor and Whalley
(2014) and Dittmar and Meisenzahl (2022)), the discovery of a correlation between scholarly
output far back in the past and future development at the local level remains intriguing,
as one might expect the impact of figures like Galileo or Adam Smith to transcend their
birthplace and influence the entirety of Europe.

We hypothesize that scholars serve as catalysts for inspiration among successive gener-
ations, fostering the pursuit and application of knowledge. Unlike other historical studies
which focused on how teachers inspire students (Borowiecki 2022; Koschnick 2023), our pa-
per considers inspiration mainly taking place at the birth location. Under this hypothesis,
towns and regions where great scholars were born will produce more scholars later on, hence
showing more economic development through investment in human capital. This is not to
say that scholars born elsewhere were irrelevant or that there are not other potential ap-
proaches. Aggregating scholars by birth location is simply our preferred way to measure
the local impact of scholarship. Our approach gains support from three observations. First,
more of the variation in regional development is explained when scholars are aggregated
by birthplace rather than their activity or death location. Second, scholars who remain in
proximity to their origins exhibit a stronger association with development compared to those
who relocate or meet an untimely demise. Third, areas with a greater number of scholars
born had higher general population numeracy in the late 19th century. Finally, we bolster

our argument with numerous anecdotes that underscore the existence of a role model effect.

2 Academic Scholars

The full database of scholars we built and used contains information on 60,145 schol-
ars over the period 1000-1800. The data were harvested manually from 535 different
sources. We did not select scholars based on their ex-post achievements (unlike, for ex-

ample, Wikipedia/Wikidata-based research, see Laouenan et al. (2022) and Serafinelli and

1. While some scholars migrated fairly long distances, our results are very similar if we exclude migrants
with distances greater than two-thousand kilometers.



Tabellini (2022)), but rather on membership lists from or secondary sources about the main
higher education institutions. The institutions considered are of three types: universities
(listed in Frijhoff (1996), see De la Croix et al. (2024)), scientific academies (listed in Mec-
Clellan (1985), see Zanardello (2024)), and other types of institutions we found related to
universities (for example, the language academies, the most important Italian Renaissance
academies from British Library (2021), and several other higher education institutions which
conferred academic degrees).

Medieval universities concentrated on four main fields: theology, law, arts and humanities,
and medicine. Their impact on society is well described by Pedersen (1992): “The faculty of
arts gave a basic education to grammar school boys, many of whom would become teachers
themselves and contribute to the increase in literacy of the population at large. Others would
go on to one of the higher faculties to prepare themselves for other professions. The faculty
of medicine produced medical practitioners; the faculty of laws created future administrators
with expert knowledge in canon or civil law, and the faculty of theology provided teachers
for the episcopal schools, were the ordinary parish priests were educated.” Academies were
created later, in the 17th-18th century, responding to a need of developing new fields of
research which were not traditionally taught at universities. The academies range from clubs
of amateur naturalists or local historians to eminent societies, gathering the best scholars,
publishing journals, and building a network of corresponding members, called the Republic
of Letters (Mokyr 2016).

Putting together this database, we cover the production of propositional knowledge ex-
tensively. We also cover some aspects of the development of knowledge-how, mainly through
academies, but sometimes also in universities (see for example in De Lucca (2012) how the
Jesuits applied mathematical knowledge to teach how to build stronger fortifications, in a
class called De Re Militari (Studies in Military Matters)). As stressed in Zanardello (2024),
many 18th century academies specialized in applied sciences, such as cartography (Academy
of Copenhagen, (Pedersen 1992)), mechanics and engineering (Royal Society of London,
(Sorrenson 1996)), or ship building (Academy of Brest, (Académie de Marine 2011)).

To assemble the list of scholars from each academy and university we use secondary
sources, i.e. books on the history of institutions and their members based on primary sources.
For academies, this task is usually straightforward, as comprehensive lists of members are
often available (our data on academies have already been used in Blasutto and De la Croix
(2023) for Italian academies and in De la Croix and Goni (2024) for father-son pairs in
academies and universities). These lists encompass various membership statuses, including
ordinary members, corresponding members, and honorary members. Corresponding mem-

bers are individuals who do not attend academy meetings but contribute to its work from



a distance. Honorary members typically include local authorities such as bishops, wealthy
merchants, and governors, who provide support and protection to the academy. To ensure
that our results are not influenced by publications concerning these sometimes prominent
figures, we exclude anyone with honorary status or individuals who are clearly not scholars
or intellectuals (such as Napoleon, who was elected to the Académie des Sciences in 1797).

For universities, our goal is to include scholars who have participated in teaching in some
capacity. This encompasses various positions, from royal chairs in France to fellowships in
England. More detailed information on the criteria for including university scholars in our
database can be found in De la Croix et al. (2024), while additional global statistics are
provided in De la Croix (2021) and in various issues of the Repertorium Eruditorum Totius
FEuropae.

The resulting database is accessible at https://shiny-lidam.sipr.ucl.ac.be/scholars/. No-
tably, the gender distribution heavily favors male scholars, with only 108 women (De la Croix
and Vitale 2023).

To assign a measure of productivity to each scholar, we use the Worldcat Identities search
engine which provides references to the collections of thousands of libraries around the world.
To measure the quality of each author, we count the number of publications by the author.
This measure thus cover both output of the scholar and impact, as it includes new editions,
translations, etc. This allows Adam Smith to be measured as a highly productive author
(ranked 62nd) although he only wrote two books in his life. On the whole, Worldcat provides
a good approximation of the population of known European authors. For example, Chaney
(2020) compares the Universal Short Title Catalogue (St. Andrews 2019) to the references
in the Virtual International Authority File (VIAF), on which WorldCat is based. Chaney
successfully locates 81% of USTC authors in the VIAF. Thus, scholars with missing Worldcat
publications were likely unproductive.

Finally, we use secondary sources to document each scholar’s academic field. For uni-
versity professors, this corresponds to their area of instruction, while for academicians, it is
derived from the descriptions provided in the sources. We categorize scholars into the fol-
lowing broad fields: lawyers, physicians, theologians, scientists, applied scientists, and arts
and humanities scholars. These classifications align with the traditional higher faculties of
early universities, with the addition of the arts faculty, where the prominence of scientists
grew over time. While these collected fields typically provide valuable insights, they are not
without imperfections. For instance, for some contexts it may have made sense to include
more nuanced distinctions, such as differentiating between canon law and civil law within the
field of law. Additionally, some scholars’ teaching roles may not fully represent their exper-

tise; for example, Gassendi, who received the doctorate in theology and taught Aristotelian



philosophy at Aix-en-Provence, obtained a chair in Mathematics at the Royal College and
was a key figure of the Scientific Revolution (for Applebaum (2003), he redefined the goal of
empirical science as determining probable, rather than certain, results).

In the case of academicians, we assigned the field of “law” to members of courts of
justice, such as the regional French Parliaments, which may not always accurately reflect
their actual skills. A similar issue arises with individuals associated with the Church, to
whom attributed field of “theology” regardless of their broader interests. This critique extends
to Protestant countries as well; for instance, many fellows in Oxford hold a D.D. (Doctor
of Divinity) but may have pursued teaching and research in other fields, as evidenced by
Gunther (1937). Hence, there is a need for a better identification of academic fields based

on actual publications.

3 Identifying Academic Fields

For each scholar with a WorldCat Identities page,2 we collected the tag cloud of their “Asso-
ciated Subjects” (excluding the persons who are honorary members). We then drop subjects
associated with fewer than 30 scholars or that are about a specific country (e.g. “French
history”). This leaves us with 1,360 subjects and 16,149 scholars with at least one subject.

WorldCat assigns each subject a relative importance. We quantify the importance of
a subject from 1 to 5. Thus, for each scholar ¢ and subject j, we have weights ~,;; €
{0,1,2,3,4,5}. We then construct a data matrix I" of dimensions 1, 360 x 16, 149 containing
every ;;. Each row is an academic, each column a subject.

We use the k-means algorithm which treats each row of I' as the coordinate points in a
1, 360-dimensional space. It partitions the data into &k clusters, minimizing the total within-
cluster sum of squared deviations (TWCSS). This is the sum of squared deviation of each
point from the centroid of its cluster.

K-means must be estimated using numerical methods as there is no closed-form solution.
We use the default R package which implements the Hartigan and Wong (1979) algorithm.
This algorithm starts with random guesses for the centroids of each cluster and then it-
eratively improves the centroids until a certain convergence threshold is reached. As the
improvements converge to a local optimum, not a global optimum, we repeat the estimation
500 times, picking the replication with the lowest TWCSS.

2. Sadly, the 2 million pages of the WorldCat Identities project were suddenly retired in March 2023. This
is bad news for those interested in measuring human capital from publications data. For the future however,
we found a viable alternative using statistics drawn from the VIAF platform. See Curtis and De la Croix
(2023) for more details.



The choice of k can be made using various criteria. We minimize the Bayesian information
criterion (BIC): TWSS), + log(I)Jk, where I = 16,149 and J = 1,360. This is minimized
at k = 10. More details are in Appendix A.5. Ten clusters are thus the most informative
yet parsimonious way to describe academic fields.

Table 1 presents the ten clusters. The first column contains a description we chose to
represent the various subjects included in the cluster. Column 2 gives the total number of
published scholars in each cluster. One cluster is much bigger than the others, Classics; it
appears to contain both humanists, classicists and scholars who were unrelated to any other
cluster. The smallest cluster is Botany, with 543 persons.

To better grasp the nature of each cluster, we show in Column 3 the average number of
subjects per author. Classics is again an outlier here, with its authors being characterized
by five subjects on average instead of 9 to 15 in the other clusters. Column 4 shows the
names of the scholars belonging to the cluster who published the most. Column 5 gives the
median number of publications of scholars in each cluster. Theology 2 leads and Classics
lags. Column 6 shows the date of activity of the earliest scholar in each cluster. It shows
that all ten clusters started before 1200, thus having deep roots in the Middle Ages. The
last column shows the median year of activity in the cluster. Law is the cluster with the
earliest median date, while Politics is the cluster with the most recent median date.

The clusters are further explored in the Appendix. The most important topics and
scholars by cluster are described in Appendix A.1. Most clusters are strongly associated
with a few key terms, however the Classics cluster is not. Classics contains authors who
write on many diverse topics. Appendix A.2 plots the shares of scholars by cluster over
time. In Appendix A.3, we provide ten graphs with names of published scholars over time
by cluster, allowing to see through whom each field has medieval roots.

Theology is the only field to have two clusters (see the maps in Appendix A.4). The
division between Theology 1 and Theology 2 is related to the Catholic-Protestant divide,
but is not a simple denominational split. In Theology 1, we find some leading figures of
Catholicism such as Aquinas (professor at University of Paris 1252-72 and Naples 1272—
4), Bossuet (member of Académie Francaise 1671-1704), and Robert Bellarmin (professor
at the Gregorian University in Rome 1576-1593) but also some unorthodox Catholics such
as Pascal (member the Mersenne academy of c. 1639, close to Jansenism, a controversial
Catholic movement with similarities to Calvinism) and some important Protestant figures
such as Gilbert Burnet (professor of Divinity at the University of Glasgow 1669-74, and
member of the Royal Society). Theology 2 is led by the main figures of Protestantism,
such as Luther (professor at University of Wittenberg 1508-46), Melanchthon (professor at
University of Tiibingen 1512-18 and Wittenberg 1518-60), John Wesley (fellow of Lincoln



Table 1: Clusters of WorldCat Topics

Cluster / No. Avg. No. Top 3 Names Median  Earliest Med.
Field Scholars  subjects N. Publ. Year Year
Theology 1 1581 12 Aquinas, Bossuet, Pascal 143 975 1615
Theology 2 940 13 Luther, Melanchthon, Wesley 315 1039 1671
Politics 990 12 Swift, Machiavelli, Corneille 184 1043 1756
Law 727 9 Stryk, Bentham, Bohmer 156 1090 1593
Science 661 15 Newton, Euler, Galilei 177 1116 1714
Classics 7317 5 Schiller, Erasmus, Pope 54 970 1712
Philosophy 653 15 Rousseau, Kant, Diderot 258 980 1700
Botany 543 11 Linnaeus, Bernardin, Trew 189 1176 1753
Culture 1086 12 Arouet, Humboldt, Homman 211 1140 1749
Medicine 1651 9 Haller, Hohenheim, Gessner 125 1025 1698

Note: Clusters estimated by k-means clustering. Top 3 Names are the top three scholars assigned to a
cluster based on their number of publications.

College at University of Oxford 1725-7), and Jean Calvin (professor at the University of
Geneva 1541-64). But it also includes medieval (Catholic) theologians such as Hugues de
Saint-Victor (University of Paris 1133-41). Looking at the subjects most strongly related to
both clusters, we find “Catholic Church” and “Clergy” in Theology 1, and “Bible” in Theology
2.3

Scientific fields are split in three clusters. The cluster Sciences is strongly related to
the subjects “Mathematics,” “Astronomy,” “Geometry,” “Physics,” led by Newton (professor
at University of Cambridge 1661-1696, member of several academies), Euler (professor at
University of St Petersburg 1727-41, member of several academies), and Galilei (professor at
University of Pisa 1589-92 and Padua 1592-1610). The cluster Botany is strongly related to
the subjects “Plants” and “Natural History,” and is led by Linnaeus (professor at University of
Uppsala 1742-78, and member of many academies). The cluster Medicine is strongly related
to subjects “Human anatomy” and “Surgery”. Together with the clusters on Politics, Law,
and Philosophy, the clustering procedure seems to lead to a very coherent set of academic
fields. Only Classics and Culture have vague boundaries. We are thus confident interpreting
these clusters as academic fields.

We compare the clusters derived from Worldcat data to the fields based on the descrip-

tions in historical sources in Table 2. Each entry delineates the distribution of authors within

3. Each cluster is defined by a centroid in the 1,360-dimensional space of all the topics. We consider
subject j the top subject for a cluster if its centroid further along the j-axis than any other.



specific clusters across diverse fields. Notably, the two theology clusters exhibit a balanced
composition, with approximately half of their members documented as theologians in the
primary sources. Furthermore, 30-40% of these members are affiliated with humanities, re-
flecting instances such as Jesuit scholars who, while publishing theological works, engage in
teaching Hebrew or rhetoric. The Politics cluster predominantly comprises individuals asso-
ciated with humanities (39%), yet a substantial proportion is also linked with law (27%) and
theology (11%), indicating a presence of scholars specializing in public law. Conversely, the
Law cluster is predominantly entrenched in the field of law (83%), signifying its clear disci-
plinary demarcation. Scholars within the Science cluster predominantly align with scientific
disciplines (68%), although some are affiliated with humanities, likely due to the interdisci-
plinary nature of subfields like logic or metaphysics. Both the Classics and Culture clusters
exhibit a diverse membership spanning across various fields, echoing the widespread schol-
arly interest in antiquity post the humanistic revolution, as well as engagements in poetry,
travel literature, and related genres. The Philosophy cluster demonstrates a strong affinity
with humanities, yet a notable percentage of its members are also associated with theology
(16%) and sciences (13%), illustrating interdisciplinary intersections. Botany encompasses
two fields mentioned in the primary sources: medicine (39%) and science (44%). This con-
vergence reflects the historical development of botanical gardens alongside medical schools to
advance medicinal knowledge. Finally, the Medicine cluster primarily consists of individuals

from the medical field (70%), underscoring its distinct identity.

Table 2: Mapping between Clusters of WorldCat Topics and Fields from sources

Field from source

Cluster Theology Law Humanities Medicine Sciences Appl. Sc. Soc. Sc. unknown
Theology 1 45% 13% 33% 2% 4% 0% 0% 3%
Theology 2 53% 3% 39% 2% 3% 0% 0% 1%
Politics 11% 27% 39% 6% 8% 3% 5% 3%
Law 3% 83% 11% 1% 1% 0% 0% 1%
Science 4% 1% 18% 5% 68% 3% 1% 1%
Classics 16% 14% 40% 11% 13% 3% 1% 3%
Philosophy 16% 5% 59% 4% 13% 0% 1% 1%
Botany 3% 0% 10% 39% 44% 2% 1% 1%
Culture 8% 8% 45% % 22% 4% 3% 3%
Medicine 2% 2% 12% 70% 12% 0% 0% 2%

We now examine the evolution of academic field shares over time to assess their alignment

with our prior understanding of key events in the early modern period.
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Figure 1 shows the shares of selected fields over the period 1350-1800. On the left panel,
we see the negative trend in the share of Theology 1, and a rise of Classics, the field including
those publishing on the authors of the antiquity. Classics rise above theology and maintain
their dominance from 1400 on. This revived interest in the classical authors is often labelled
the Humanistic Revolution, the intellectual and cultural shift during the Renaissance that
emphasized individualism, secularism, and the revival of classical learning.

The right panel of Figure 1 shows the evolution of other fields. Theology 2 received
a boost with the Reformation, which lasted several periods, to go back to low levels only
in 1700. Secularization in Protestant regions was partly fueled by the founding of new
universities (De la Croix and Morault 2025) and partly by the growth of academies. For
example, the University of Halle (Koch 2008), established in 1694, placed greater emphasis
on secular disciplines than older institutions, which often maintained strong ties to religious
authorities. Halle became a pioneer of the Humboldtian model of education, promoting
academic freedom and a research-oriented approach that later influenced universities across

Europe.

Figure 1: Shares of selected fields over time
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In parallel with the decline of both theologies in the eighteenth century, we observe a rise
in the field of Politics. This shift is closely tied to the Enlightenment movement, particularly
its emphasis on reason, governance, and individual rights. Notable figures such as Adam
Smith (economics) and David Hume (philosophy) challenged traditional religious orthodoxy,
promoting secular frameworks of thought that further propelled the institution’s transition
away from religious dominance.

As far as the Scientific Revolution is concerned, we do not observe a surge in the field
Science. This is probably because there has always been some sciences in universities, and
the Scientific Revolution is more a change in paradigm than a change in fields. We observe,

however, a sustained rise in the field Botany.
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4 Academic knowledge and regional development

We now analyze whether academic knowledge is associated with historical economic devel-
opment at the subnational level. This allows us to determine if scholarship matters both at a
local and a national level. We interpret a higher GDP per capita in 1900 as evidence of eco-
nomic growth. Before 1800, GDP per capita was governed by Malthusian logic, albeit with
some geographic and temporal variation (a Malthusian regime does not exclude relatively
long periods of expansion or decline, see Lagerlof (2019)). We control for the logarithm of
the region’s average ruggedness from Nunn and Puga (2012), the logarithm of the region’s
average post-1500 caloric suitability index of land from Galor and Ozak (2015, 2016) and
Galor, Ozak, and Sarid (2017), and the logarithm of the area of the region in square kilo-
meters. With these controls, and given the low initial levels of development, we interpret a
higher GDP in 1900 as evidence of stronger 19th century economic growth.

Figure 2 shows the geographical area we cover with the NUTS2 regions.® The map’s
background color for each region reflects its GDP per capita in 1900, with darker shades
indicating higher levels. Color dots indicate the place of birth of scholars belonging to two
example fields. Red dots correspond with scholars belonging to the field of Law, blue dots
with scholars belong to the field of Science.

When aggregating scholarship at the regional level, we weight each scholar by a function
of the number of his publications.> The number of publications given by Worldcat includes
multiple editions and translations and ranges from 1 to 111,660 (Martin Luther). Having
multiple editions is a nice feature as it allows to capture the quality of each writing — a
book in high demand will be reedited and translated. But, given these values, it is not
reasonable to weight scholars by their number of publications in levels. Tt would imply that
Luther worth a hundred thousand theologians with only one publication. If, instead of the
number of publications, we take its logarithm, Luther would be worth 11.2 theologians with
one publication. However, a handful of scholars are notable enough to have a WorldCat page
but no WorldCat publications. Thus, to deal with zeros, we use the inverse hyperbolic sine
function.® Then, Luther would be worth 12.3 theologians with one work. Galileo would be

worth 9.5 mathematicians with one publication. We adopt this last formula, which gives a

4. A NUTS2 region is a geographical classification level used in the European Union’s Nomenclature of
Territorial Units for Statistics (NUTS). The NUTS system has three main levels of regional division, each
representing progressively smaller geographic areas. NUTS2 regions typically cover provinces or groups of
districts with populations generally between 800,000 and 3 millions.

5. We use masculine pronouns for scholars because the vast majority are male (but not all, see De la Croix
and Vitale (2023).)

6. If we instead use the logarithm of the number of publications if positive, zero otherwise, our results are
very similar.
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Figure 2: Map of Birthplace of Law and Science Scholars
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Note: Every scholar is assigned a field and a birth NUTS 2 region. GDP per capita from the
Rosés-Wolf database on regional GDP Rosés and Wolf 2021.
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weight from 1 to 12.3 to each scholar.

For our main regression, we estimate the following:

10
Yrs = 00+ 0y + Y Besharel + BX,s + by + € (1)
=1
where n, ; is the sum of the inverse hyperbolic sine of the number of publications over all
scholars born in region r in country s from 1000 to 1800; c is one of the ten fields identified
by the K-means algorithm; sharef,s is the share of n, ; that belong to field f; X, ; is a vector
of controls, ¢ is a country fixed effect, and ¢, ; is an error term.

We include as controls variables related to pre-industrial economic potential: the loga-
rithm of the region’s average ruggedness from Nunn and Puga (2012), the logarithm of the
region’s average post-1500 calorie suitability index from Galor and Ozak (2016), and the
logarithm of the region’s area. While time-varying measures of pre-industrial development
exist, such as city populations (Buringh 2021), we do not want to control for them directly
as they could be mechanisms by which scholarship affected development in 1900 (Zanardello
2024).

Table 3 presents the results. Standard errors are clustered at the country level to miti-
gate concerns about spatial autocorrelation.” As shown in the first line, we find an overall
association between n, s before 1800 (the weighted sum of published scholars) and GDP per
capita in 1900. An increase equivalent to 1,000 scholars with one publication between 1000
and 1800 in region ¢ is associated with on average a 20.56 percent increase in GDP per
capita in 1900, all else equal. This shows that human capital in the past is associated with
future growth. Below, we argue that this is likely a causal effect. Regardless of the exact
mechanism, our findings lend credence to theoretical frameworks in which human capital
plays a role in development.

When we additionally look at the shares of the different fields (Column 3), we find that
the fields Theology 2, Science, and Botany have a positive association with growth.® The

field Law has a negative association. In that regression, the reference category is the share of

7. We use country borders from 1900 for the fixed effects and to cluster standard errors. These results are
robust to using Conley (1999) standard errors with a 200 km cutoff threshold. They are also mostly robust
to using Bester, Conley, and Hansen (2011) standard errors with 5 clusters; Share Science and Share Law
in Column 3 are significant only at the 0.10 level; Local scholarship in Columns 1 and 3, Share Theology in
Column 3, and Share Science in Column 5 are no longer significant. However, the specifications with 1900
country fixed effects remain robust. Full results with these standard errors available upon request.

8. There are ez-ante reasons from the literature to consider the significance of each of these specific shares
separately. However, testing the significance of all 9 shares independently could lead to a family-wise error
rate of greater than 0.05. To account for this multiple comparisons problem, we can apply a conservative
Bonferroni correction; Share Science remains significant at the 0.05 level.
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Table 3: Regional GDP per capita and academic fields

log GDP per capita, 1900 2015
(1) (2) (3) (4) (5)
Local scholarship 0.187**% 0.135%* 0.171***  0.129*  0.166***
(0.086) (0.060)  (0.043) (0.067) (0.046)
Share Theology 1 0.215 0.028 0.151
(0.222)  (0.173)  (0.178)
Share Theology 2 1.440%** 0.381 0.163
(0.415) (0.501) (0.224)
Share Politics 0.417 0.049 -0.065
(0.321)  (0.131)  (0.209)
Share Law -0.850***  _0.427* -0.081
(0.255) (0.208) (0.157)
Share Science 1.451%**  1.215%**  0.631*
(0.470) (0.312) (0.323)
Share Philosophy -0.029 -0.107 0.230%*
(0.265)  (0.126)  (0.111)
Share Botany 0.856%*  0.649***  0.677***
(0.353) (0.199) (0.143)
Share Culture 0.102 -0.108 -0.162
(0.277) (0.358) (0.205)
Share Medicine 0.075 -0.425 -0.055
(0.371) (0.525) (0.270)
N 172 172 172 172 165
Adj. R Squared 0.332 0.630 0.458 0.656 0.709
Country FEs X X X

Note: ***p < 0.01; **p < 0.05; *p < 0.1. Standard errors clustered by country in
parentheses. The unit of observation is a NUTS2 region. GDP per capita from the
Rosés-Wolf database on regional GDP (Rosés and Wolf 2021) and from Eurostat. For
comparison, regions with GDP in 2015 but not in 1900 are omitted. n, ; is the weighted
total of scholars. Shares are the weighted share of the total scholars who are assigned
to a given field. GDP per capita from the Rosés-Wolf database on regional GDP (Rosés
and Wolf 2021). All regressions include as controls log ruggedness from Nunn and Puga
(2012), log post-1500 calorie suitability index from Galor and Ozak (2016), and the log

of the region’s area.
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scholars in Classics. All else equal, a ten percentage point increase in the number of scholars
that are in the fields of Theology 2, Law, Science, and Botany (at the expense of Classics)
are associated with a 15.49 percent. -8.15 percent, 15.62 percent, and 8.93 percent change
in GDP per capita in 1900.

We also still estimate the impact of the total number of scholars (Figure 3 Column 3),
with an increase equivalent to 1,000 scholars with one publication between 1000 and 1800
in region ¢ being associated with on average an 18.66 percent increase in GDP per capita in
1900, ceteris paribus. Therefore, the coefficients for the shares are estimating the additional
impact from specialization in a field compared to the others. Scholarship, regardless of field,
is associated with higher GDP per capita.

Theology 2 and Law appear to vary substantially across countries. Theology 2 is more
common in Protestant countries, and Law is rare in common law Britain (Figure 2). As
Protestantism and common law are commonly studied as determinants of growth, the as-
sociations we find might be related to more broad factors relating to religious mix and
legal systems (Weber 1930; Porta, Lopez-de-Silanes, and Shleifer 2008). To control for any
country-specific characteristics, we add country fixed effects (based on borders in 1900).”
The association disappears for Theology and is weakened for Law. For Science and Botany,
the relation survives the inclusion of country fixed effects, and the changes associated with
a 10 percentage point increase are 12.92 percent and percent. This suggests that Theology
and Law related to growth through some mechanism occurring at the national level.

In the last column we also look at GDP per capita in 2015 (from Eurostat). The positive
overall association remains. An increase equivalent to 1,000 scholars with one publication
between 1000 and 1800 in region i is associated with a 20.56 percent increase in GDP per
capita in 2015. Having a high share of scholars in Science gave regions an initial advantage,
and while the advantage is smaller and only borderline significant in 2015, the other regions
have not fully converged.!? Perhaps scientists were particularly important for the early
adoption of the technologies of the Industrial Revolution, leading to an initial but temporary
edge. On the other hand, scholars in Botany are still strongly associated with a higher level

of GDP.

9. If we apply a conservative Bonferroni correction, as discussed above, Share Science remains significant
at the 0.05 level and Share Botany is significant at the 0.10 level.
10. If we apply a conservative Bonferroni correction, as discussed above, Share Botany remains significant
at the 0.01 level.
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5 Endogeneity

Many economic growth models view GDP per capita and human capital as two endogenous
variables evolving together along their dynamical path (Azariadis and Drazen 1990; Lucas
1988). If we interpret each region as a closed economy starting from specific initial conditions,
these models imply a positive correlation across locations between regional GDP per capita
and regional human capital, which is the result we find in the analysis above. More generally,
we can imagine that both upper tail human capital and GDP per capita in 1900 depend
on common unobserved variables. An example is provided in De Pleijt, Koschnick, and
Wallis (2023). The authors argue that upper tail human capital depended on high school
foundations in the region after the death of wealthy donors. Such schools affect academic
human capital but may also affect GDP directly through enhancing basic skills.

To evaluate the extent of a possible endogeneity bias, we rely on the following strategy.
Shocks to a region’s stock of human capital were frequent in history. We exploit three of
them to build an instrumental variable for the total output of scholars born within a NUTS2
region. The coefficient of interest in the IV regressions are greater than that in the OLS
regression. We suspect this is due to attenuation bias, likely related to measurement errors

in the number of publications.

5.1 Constructing the instrument

Our instrument is based on forced migration linked to the following episodes: the fall of the
Eastern Roman Empire, the Reformation in England, and the revocation of the Edict of
Nantes. Using these three migration waves gives us a set of plausibly exogenous variation in
local scholarship that spans a large area of Europe: 73 out of 172 NUTS2 regions have an
academic refugee active or dying.

Many of the Byzantine Greek scholars in Furopean academia were refugees from the
collapse of the Eastern Roman Empire and the progressive conquest of the Greek islands
by the Ottomans. We consider all scholars born in modern Turkey, Greece, Cyprus, and
Albania, and who died between 1389 (the battle of Kosovo) and 1699 (to allow using a full
century of scholars as the endogenous variable) as potential refugees. As shown in Figure 3,
most of them settled in the closest cities, in Italy. There is a literature stressing their
importance in bringing books and knowledge from the Greek Antiquity, fostering the Italian
Renaissance (Harris 1995; Link 2023).

Several British Catholic scholars departed to the continent in the decades after the Church
of England split from Rome in 1534. We consider all scholars born in Britain, died between
1558 (the coronation of Queen Elizabeth I) and 1699 who worked or died in a Catholic region
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potential refugees.!! As shown in Figure 4, they mostly settled in France, Belgium, and Italy.

Many Huguenots scholars left France in the 17th century in response to religious suppres-
sion, most notably the Siege of La Rochelle and the revocation of the Edict of Nantes (1685).
We consider all scholars born in France, who died between 1572 (the Bartholomew’s Day
massacre) and 1699, and who worked or died in a region where Protestantism was at least
tolerated, if not the State religion, potential refugees.'? Figure 5 shows their migrations.

In most cases, the refugees did not just remain as temporary exiles. A significant number
of them became citizens of the city they settled in. The case of Geneva is well documented
(Burke 2017). Thousands of Huguenots fled to Geneva, especially after the 1550s, seeking
both religious freedom and safety from violence. To become citizens, the refugees had to
conform to strict moral codes which emphasized piety, hard work, and adherence to Protes-
tant doctrine. The influx of French Protestants into Geneva played a key role in spreading
Calvinist ideas and texts, as Geneva became a hub for Protestant publishing and a center of
intellectual life. A similar pattern applies to British refugees on the Continent, where they
built colleges and convents which spread Catholic ideas (The English Catholic refugees on
the Continent 1558-1795, n.d.).

Figure 3: Byzantine Academic Refugees, 1389-1699

Byzantine and Greek Scholars in the European Academic
world 1389-1699 N= 25

© Birth places of professors o
O Universities & academies

11. Modern France, Belgium, Italy, Spain, Portugal, Austria, and Czechia.
12. Modern Germany, the Netherlands, Great Britain, Sweden, Denmark, and Switzerland.
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Figure 4: British Catholic Academic Refugees, 13891699

British Scholars in the Catholic Academic
world 1559-1699 N=47 &
t
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© Birth places of professors
O Death or activity places

© Birth places of professors
O Death places or activity place
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5.2 Instrumental variable regressions

Table 4 displays the results.!® In Column 2, we show the results when the three refugee
waves are pooled. In Columns 3-5, each wave is used as a separate instrument. For each
IV regression, we use an indicator variable that is one if at least one of these scholars was
active or died in the region as an instrument for the total weighted output of scholars born
in that region after 1700. As shown by the first stage regression, the Huguenot and British
Catholic instruments are relatively weak by themselves.

The coefficients of interest in the IV regressions are all greater than that in the OLS
regression. This is consistent with OLS suffering from attenuation bias caused by measure-
ment error in the local scholarship variable. Alternatively, there could be an omitted variable
which increased scholarship and decreased growth (or vice versa). As the potential endo-
geneity concerns discussed above would bias upwards the OLS coefficient, we suspect that

attenuation bias is the most likely explanation of the relative magnitude of the IV coefficient.

5.3 Was migration selected on growth potential?

For the instrument to be valid, the exclusion restriction requires that the refugee scholars
affect GDP per capita in 1900 only through the academic output of the region. One potential
violation would be if the refugees choose their destination region for a reason correlated with
economic growth. Looking at the map (Figures 3, 4,5), we suspect that scholars likely chose
their destination based on physical distance, which would not be particularly associated with
economic growth.

We can also look at the effect of the refugees on subsequent scholarship in an event study.
This allows us to rule out significant pre-trends, suggesting that scholars did not choose their
destination based on academic output. It also allows us to illustrate the dynamics of the
effect of a migrant.

For region r in period t, let Dﬁt be an indicator that is one if the region is “treated” h
periods in the future with exposure to a refugee scholar. We do not always know the exact
date of arrival. To be confident that a scholar was not exposed to a refugee, we consider any
cohort of scholars who died in a period before the refugee was born as not treated. Then we

estimate:

K
Ny = Z 6hD7}},t + 041Dr>,tK + O‘2Dr<,tiK + O o+ ey (2)
h=—K

13. These results are mostly robust to using Conley (1999) standard errors with a 200 km cutoff threshold;
Column 3 is only significant at the 0.10 level. They are also robust to using Bester, Conley, and Hansen
(2011) standard errors with 5 clusters. Full results with these standard errors available upon request.
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Table 4: Refugee scholars as an instrument for total scholarly output

log GDP per capita, 1900

Panel A: IV (1) (2) (3) (4) (5)
Local scholarship 0.135%*F  0.274**FF  0.168*** (.336*** (.315%**
(0.060)  (0.056) (0.034) (0.052) (0.066)
N 172 172 172 172 172
Country FEs X X X X X
1st stage F-stat. 95.39 99.29 28.42 38.28

Panel B: 1st-stage

Local scholarship

(1) (2) (3) (4) ()

N Refugees 0.158%#*
(0.024)
N Byzantines 0.4917#%*
(0.086)
N Huguenots 0.171%**
(0.043)
N British Catholics 0.273%%*
(0.057)
N 172 172 172 172
Country FEs X X X X
1st stage F-stat. 95.39 99.29 28.42 38.28

Note: **p < 0.01; **p < 0.05; *p < 0.1.

Standard errors clustered by country in

parentheses. The unit of observation is a NUTS2 region. GDP per capita from the Rosés-
Wolf database on regional GDP (Rosés and Wolf 2021). Local scholarship is the weighted
total of scholars born in the region 1700-1800. N refugees, N Byzantines, N Huguenots,
and N British Catholics are the number of scholars of a group that was active or died in
the region; see text for details. All regressions include as controls log ruggedness from
Nunn and Puga (2012), the log post-1500 calorie suitability index from Galor and Ozak
(2016), and the log of the region’s area.
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n, 1s the sum of published scholars born in 7 during period ¢+ 1, weighted by the inverse
hyperbolic sine of their number of publications; 8" are the event study coefficients; thK
and thK capture treatment outside the window of interest; ¢, is a region fixed effect; p; is
a time fixed effect; and ¢, is an error term (clustered by period). We set K equal to 5 and
use the first lag is the reference period.'

We also estimate a stacked event study to avoid issues with negative weights in two-way
fixed effects (Cengiz et al. 2019; Dube et al. 2023).'5 For each potential period of treatment
¢, we take a subset of the data where either the region is treated for the first time in period

c or has not yet been treated. In other words, the sample includes observations where:

newly treated ADS, =1
Dit - ’ (3)
clean control D, =0

Then, we “stack” all the subsets into one dataset and estimate:

K

— E h nh >K <-K
n”ﬂ%C - 6 Dr,t7c =+ Oétht’C + aQDr,Lc + ¢s><c + Ptxe + Er,t,c (4)
h=—K

This is the equivalent of the previous regression except the fixed effects are now subset
specific. The results of both regressions are shown in Figure 6. There appears to be no
obvious pre-trends before the arrival of a refugee scholar. Afterwards the level of academic
output appears to be increasing for at least 200 years.

We interpret the event study as evidence that the refugees cause locals to produce more
scholarship. The lack of pre-trends is reassuring for our instrumental variable strategy, as it
suggests the refugees are not selecting destinations based on their scholarly output. In turn,
we interpret the IV results as evidence that historical scholarship did have a causal effect on

later economic development.

5.4 Heterogeneity by field

Unfortunately, there were very few refugee scholars in Theology 2, Law, Science, and Botany.
We cannot, therefore, use them as an instrument for the share variables in Table 3.

However, the three groups of refugees differ substantially in terms of academic fields:

14. The last refugee was born in 1647 and the last scholar died in 1879. However, the last birth in the dataset
was in 1783, so the panel is potentially unbalanced for young refugees and higher order leads. However, the
median refugee was born in 1545 and, for each region, we consider only the first refugee born. Using shorter
periods, a smaller K, or only refugees born before 1600 does not substantially change the results.

15. If the effects are heterogenous, then the stacked difference-in-difference estimate is a weighted combi-
nation of the average treatment effects on the treated. However, by using only “clean” controls it avoids any
issues with negative weights.
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Figure 6: Refugee scholars and academic output, event study
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Note: Coefficients are from event-study difference-in-difference regressions of the weighted total
of scholars who were born in a region and died within a 50-year period on lags and leads of a
treatment variable that is one if a refugee scholar either died or was active in the region and was
born in or before the period. 95% confidence intervals constructed using period-clustered standard
errors are displayed.

e Byzantines are mostly humanists scholars, active in Classics (46%), Philosophy (18%)
and Culture (14%)

e Huguenots are mostly in Classics (30), Theology 1 (18%) and 2 (21%), and Culture
(11%). They also have some strong persons in Science such as Denis Papin and Abra-

ham de Moivre, and in Philosophy such as René Descartes.!

16. Denis Papin (1647-1713) was a physicist, mathematician and inventor. Abraham de Moivre (1667
1754) was a mathematician known for de Moivre’s formula, a formula that links complex numbers and
trigonometry, and for his work on the normal distribution and probability theory. He moved to England
at a young age when persecution of Huguenots reached a climax in 1685. René Descartes (1596-1650) was
a French philosopher, scientist, and mathematician, widely considered a seminal figure in the emergence
of modern philosophy and science. He was urged by a French Cardinal to write an exposition of his new
philosophy in some location beyond the reach of the Inquisition. He officially remained Catholic despite he
served Protestant states, and his daughter was baptized as Protestant (cluster Philosophy).
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e British Catholics are mostly in Theology 1 (51%) and in Classics (23%).

We can look at the effect of refugees on future scholarship in their specific field using a
triple difference-in-difference event study. For field f in region r during period ¢, let D?mt be
an indicator that is one if the region is “treated” h periods in the future with exposure to a
refugee scholar in field f. As before, in order to be confident that a scholar was not exposed
to a refugee, we consider any cohort of scholars who died in a period before the refugee was

born as not treated. Then we estimate:

K

Npae= Y B"D}, + 1D + D5 [+ Spr + posct + Vpst + Ept (5)
h=—K

n¢r¢ is the sum of published scholars born in r during period ¢ + 1, weighted by the
inverse hyperbolic sine of their number of publications; 3" are the event study coefficients;
fo(t and D]ff,(t capture treatment outside the window of interest; ¢, are region x field
fixed effects; p,«; are region times time fixed effects; v, are field times time fixed effects;
and £ ,.; is an error term (clustered by period). Again, we set K equal to 5 and use the first
lag as the reference period.

This regression asks if, after a refugee arrives, there is a disproportionate increase in
scholarship in their particular field in their destination. As shown in Figure 7, this is indeed
the case. We interpret this as evidence that the particular field of a scholar influenced the

fields studied by following generations of scholars.

6 Mechanisms

We believe that the mechanism that most likely explains our results is that scholars inspire
fellow natives to accumulate human capital. Consider that persons make an occupation
choice, for example pursuing a career in the army, or in the Church, or in academia. Be-
ing exposed to the academic success of fellow natives increases the prestige of the career
in academia, and leads people to accumulate more human capital. This proposition finds
support through three compelling observations. Firstly, regional development is better un-
derstood when scholars are aggregated by birthplace rather than their activity location.
Secondly, scholars who stay closer to their roots demonstrate a stronger correlation with
development compared to those who relocate or face an untimely demise. Thirdly, regions
boasting a higher number of scholars born within them exhibited elevated levels of general
population numeracy in the late 19th century, even after controlling for other productivity

determinants.
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Figure 7: Refugee scholars and academic output in their field

Share of local scholarship, same field

-0.1-
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Note: Coefficients are from an event-study triple difference-in-difference regression of the
weighted total of scholars who were born in a region, died within a 50-year period, and
worked in a specific field on a lags and leads of a treatment variable that is one if a refugee
scholar either died or was active in the region, was born in or before the period, and worked
in that field. 95% confidence intervals constructed using period-clustered standard errors
are displayed.
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Let us consider different ways of aggregating human capital. This will be informative on
the mechanism at play. Table 3 above and Columuns (1)-(2) of Table 5 reports the coefficients
of human capital when it is aggregated by scholars’ birth location.’” One might wonder about
the effects of academic knowledge at the location of the university or academy where it was
produced. This reduces the amount of geographic variation as institutions tend to be more
centralized than scholar birthplaces (106 regions hosted a university or an academy, while
172 witnessed the birth of some scholars). Moreover, assigning scholars to locations based
on activity is challenging, as many academies had corresponding members. To address this,
we do two adjustments. First, we drop all corresponding members. Second, for scholars who
were faculty at a university, we ignore their membership of any academies. Columns (3)-(4)
of Table 5 shows the results. Compared to Table 3 in the main text, the coefficients on the
weighted number of scholars is less than half the magnitude.

When we aggregate human capital by place of death, we obtain the coefficients in Column
(5)-(6) of Table 5. Here, the coefficients are also significant, higher than in (3)-(4) but lower
than in the benchmark case in Columns (1)-(2). Overall, the strongest results are obtained
when scholars are allocated to their region of birth. We interpret this as evidence consistent
with role-model effects, although inspiring others can also occur at work, and at death place.

Table 6 tests a key part of this inspiration mechanism: that growth is related to the
connection between a scholar and his region of birth. The output of groups of scholars
weakly attached to their home region had little to no association with growth. Because we
control for the output of the more strongly attached scholars, we are indirectly controlling for
any omitted variables that increased the demand for or supply of scholars. We thus argue the
lack of effect suggests that it is scholars influencing development in their home region, not
vice versa. Moreover, the measures of weak attachment that we use are particularly relevant
for our inspiration mechanism. It is hard to picture a Catholic region building monuments
to a Protestant emigrant, or a scholar who died young encouraging the next generation.

The first group are those who died after the Peace of Augsburg (1555) in a country with
a different state religion than their home country (omitting Germany due to its religious
heterogeneity). This group is a proxy for scholars who are forced to migrate due to a religious
or political conflict in their home regions. The most prolific of these potential refugees
was René Descartes, who was born in France and died in Sweden. He did not convert to
Protestantism, but was placed on the Index Librorum Prohibitorum in 1663. Other notable

examples are Helen Maria Williams, an English Girondin revolutionary, Alban Butler, an

17. These results are robust to using Conley (1999) standard errors with a 200 km cutoff threshold. They
are also mostly robust to using Bester, Conley, and Hansen (2011) standard errors with 5 clusters; Columns
1 and 3 are no longer significant. Full results with these standard errors available upon request.
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Table 5: Comparing different ways to aggregate human capital

log GDP per capita, 1900 2015
(1) (2) (3) (4) (5) (6)

Local scholarship by

birthplace 0.187*F*  (.135%*
(0.086)  (0.060)
activity place 0.040**  0.035%*
(0.017)  (0.012)
death place 0.111%*%  0.096***
(0.028)  (0.019)
N 172 172 172 172 172 172
Adj. R Squared 0.33 0.63 0.30 0.63 0.32 0.64
Country FEs X X X

Note: ***p < 0.01; **p < 0.05; *p < 0.1. Standard errors clustered by country in parentheses. The
unit of observation is a NUTS2 region. GDP per capita from the Rosés-Wolf database on regional
GDP (Rosés and Wolf 2021). Local scholarship is the weighted total of scholars who were born,
were active, or died in the region 1700-1800. All regressions include as controls log ruggedness from
Nunn and Puga (2012), the log post-1500 calorie suitability index from Galor and Ozak (2016), and
the log of the region’s area.
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English Catholic priest, and Jacques Abbadie, a French Anglican minister. The second
group has a more inclusive definition of migrant, consisting of any scholars who died in a
different location from their birth. The third group are scholars who died before age 40.
These scholars had less time to build a local reputation even if they had produced scholarly
works.

The regressions are of the form:
yr,s = + Q1M 55 + a?”r,s,j + BX’V’,S + ¢s + 57",5 (6)

Notation is the same as in Equation 1. n,,; is the sum of published scholars in the group
1 of interest, born in r from 1000 to 1800, weighted by the inverse hyperbolic sine of their
number of publications; n, s ; is the same but for scholars not in the group of interest. We
also run the same regressions for regions of death.

As shown in Table 6 Lines 1-10, the output of those scholars weakly attached to their
birthplace appear to have little to no association with growth after controlling for the output

t.18 Moreover, the coefficients for the output of scholars who were not weakly

of the res
attached are very similar to the coefficient of the baseline regression. This suggests that the
associations in Table 3 are driven by scholars with a close association with their birthplaces.

A contrasting result is found in the last two lines of Figure 6, which splits scholars born
before and after 1600. This crude periodization attempts to split the sample roughly before
and after the Scientific Revolution. A scholar born in 1600 could read Bacon’s Novum
Organum at age 20 and Galilei’s Dialogue Concerning the Two Chief World System at age
38. While neither coefficient are independently significant, the difference between the two
is marginal.'® In other words, the output of pre-Scientific Revolution scholars seem as
important as that of post-Scientific Revolution scholars.

These results suggest that there was a mechanism tying scholars to growth in their place
of birth. One possibility is that successful scholars encouraged others from the same region
to accumulate human capital. Early Modern Europe’s “Republic of Letters” was a small elite
network, but provided notable scholars with both prestige and financial patronage and was
relatively open to new talent (Mokyr 2016). Examples of scholars born nearby may have
been illustrative of the potential returns to human capital.

Going back to the event study of Figures 6, the picture they depict exactly matches the

18. These results are robust to using Conley (1999) standard errors with a 200 km cutoff threshold. They
are also mostly robust to using Bester, Conley, and Hansen (2011) standard errors with 5 clusters; x died
after 40 in column 3 is only significant at the 0.10 level. Full results with these standard errors available
upon request.

19. Using Bester, Conley, and Hansen (2011) standard errors with 5 clusters, x born before 1600 is signif-
icant at the 0.10 level and x born after 1600 at the 0.05 level.
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Table 6: Analysis by strength of attachment to birth region

log GDP per capita, 1900
(1) (3) (4) (5) (6)

Local scholarship 0.135%*
(0.063)
X potential refugee 1.601
(1.709)
xnot refugee 0.298%**
(0.044)
x died in other place 0.085
(0.097)
xdied in same place 0.236%**
(0.068)
x died before age 40 -1.959*
(0.998)
xdied after age 40 0.214%*
(0.071)
xborn before 1600 0.175
(0.150)
x born after 1600 0.127
(0.127)
N 172 172 172 172 172
Country FEs X X X X X

Note: 95% confidence intervals displayed. Standard errors clustered by country in paren-
theses. The unit of observation is a NUTS2 region. GDP per capita from the Rosés-Wolf
database on regional GDP (Rosés and Wolf 2021). Local scholarship is the weighted total of
scholars belonging to a subset of scholars. All regressions include as controls log ruggedness
from Nunn and Puga (2012), log post-1500 calorie suitability index from Galor and Ozak
(2016), and the log of the region’s area.
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inspiration story: refugees arrive, settle and start a new life (as if they are reborn in a new
place). They inspire future generations to accumulate human capital. And this ultimately
leads to more development.

Further evidence of the inspiration chanel is our finding that areas with higher scholarship
had higher lower-tail human capital in 1900. However, the sample size is much smaller, so the
associations are only significant at the 0.1 level.2’ An increase equivalent to 1,000 scholars
with one publication between 1000 and 1800 in region ¢ is associated with on average an
increase in the ABCC index of 3.30. This corresponds to a 2.64 percentage point decrease

in people who round their reported age to 0 or 5.

Table 7: Human capital and general population numeracy

Numeracy index c. 1900

(1) (2)

Local scholarship  3.297* 3.085*
(1.881) (1.659)

N 62 102

Country FEs X X

Note: 95% confidence intervals displayed. Robust standard errors in
parentheses. The unit of observation is a NUTS2 region. Numeracy is
the ABCC index from Baten and Hippe (2018): 125(1—s), where s is
the share of reported ages ending in 0 or 5. All regressions include as
controls fixed effects for country, log ruggedness from Nunn and Puga
(2012), log post-1500 calorie suitability index from Galor and Ozak
(2016), the log of the region’s area, and the log of the population in
1900.

In addition to the suggestive evidence provided above, the inspiration channel is backed
by numerous anecdotes. We report a few salient ones here.

This inspiration could be through social networks around the place of birth. Leonhard
Euler was born in 1707 in Basel as the son of Paul Euler, a Reformed pastor. Paul had
befriended Jacob and Johann Bernoulli (1655 and 1667, Basel). Johann later convinced
him to let his son Euler study mathematics instead of theology. Both Bernoullis, notable
mathematicians in their own right (they are the 82nd and 83rd most prolific members of
the field Science), thus directly contributed to young Euler becoming the most second most
productive member of our field Science (behind only Isaac Newton).

This inspiration could also be an indirect effect on future generations of academics. On

20. These results are also not robust to using clustered standard errors or standard errors that account for
spatial autocorrelation. We suspect this is due to the substantially smaller sample size.
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February 5th, 1835, the Lincoln Mechanics’ Institute received a bust of Isaac Newton (born
in 1642 in Lincolnshire) from a wealthy benefactor. To celebrate, the 19-year-old son of
the society’s curator (and local shoemaker) gave a lecture on the “Life and Discoveries of
Newton.” (Burris 2022). The young man, George Boole, born in 1815 in Lincolnshire, would
become the founder of modern algebraic logic. The story shows how there was interest
from the local community in science, inspired by Newton, which in turn led to the birth of
additional talents in the field.

Inspiration could be embedded in local culture. Pierre de Fermat (1605-1665), one of the
greatest French Mathematicians, member of the Academy of Castres, was born in a small
village, Beamont-de-Lomagne. His working life was spent in Toulouse at the Parliament
(a court). Today, Beamont-de-Lomagne has a statue of him, a street named after him, a
tourism office located in the house where he was born, and a yearly féte des maths in his
honor. Every year kids learn to like mathematics at this festival.

Rashult is the name of trolley sold by IKEA, but it is also a village in Smaland, Sweden,
notable as the birthplace of the “father of modern taxonomy,” Carl Linnaeus (1707-1778).
Rashult has a monument to him, a reconstruction of the cottage where he was born, and
garden based on his famous Adonis Stenbrohultensis, in which he first used taxonomy to
classify every plant in his father’s garden.

Even the medieval scholar Pierre Abelard (1079-1142), is honored in his hometown, the
tiny Breton village of Le Pallet, with both a street name and a statue. His intellectual
influence, philosophical writings, and his tragic romance with Héloise have left a lasting
impact over several centuries.

Finally, we can also think to the inspiration channel in terms of theory. Embedding
inspiration into a growth model can follow two paths. One is to make preferences time
dependent, introducing habits or aspirations into utility (Ryder Jr and Heal 1973; De la
Croix and Michel 1999). The other is to make the depreciation rate of human capital
endogenous, depending on the level of inspiration. High levels of inspiration in a region
would slow down the depreciation of human capital. The intuition is that future generations
will be more likely to maintain the knowledge of past generations if they are inspired by
it. In Appendix B we show that, in such a model, two regions with identical total factor
productivity and stock of capital can differ in output: the one with the highest stock of

inspiration will produce more.
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7 Conclusion

We find a strong relationship between economic growth and premodern European schol-
arship. Our findings support the view that upper tail human capital was important for
growth (Squicciarini and Voigtlinder 2015). Moreover, we find that certain fields of schol-
arship had a stronger influence on growth than others.

Perhaps it is not surprising that we find that Science and Botany were particularly im-
portant. Fundamental scientific research paved the way for future applied technologies. For
example, engineering has been critical to the development of infrastructure and technology
throughout history (Maloney and Valencia Caicedo 2022). Engineering was not part of cur-
ricula in the period we consider (1000-1800), but is strongly grounded in mathematics and
physics, two important components of our field Science. Medical research and advancements
have been crucial to improving public health, curing diseases, and extending lifespan, in
particular in the nineteenth century. Modern medicine is based on natural sciences such as
botany, which appears as a strong correlate of growth as well.

The negative role of Law is also interesting. It could be that studying law crowds out other
form of scholarship that were more beneficial for growth. However, the negative association
is only boderline significant when comparing within, not across, countries (Figure 3 Column
4). Tt could be that the share of law among academic scholars reflects the local legal system.
Indeed, in common law countries, legal education and training are often not solely confined
to universities, and there is more emphasis on practical training through apprenticeships,
clerkships, and other forms of legal practice. Civil law countries have more lawyers in
academia, and there is a large literature showing that these countries tend to perform less
well than common law countries (Porta, Lopez-de-Silanes, and Shleifer 2008).

One theory for the rise of the West argues that universities and academics played a central
role. However, there have been no quantitative studies of historical academia and growth for
Europe as a whole. This paper develops a methodology to measure academic productivity
using a large novel database of scholars 1000-1800. We find that the output of academics
predicts 19th century economic growth, providing Europe-wide evidence that the sciences
paved the way for the Industrial Revolution. Moreover, approaches to theology and legal
systems also mattered for economic development. Despite the fact that ideas and written
knowledge were highly mobile, the birthplaces of scholars in particular appear to have higher

growth, suggesting scholars played a role-model for the next generations.
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A Appendix: Data

A.1 Important topics by clusters

In this section, we provide some additional detail into our k-means clusters that explains
how we assigned them their names. Table 8 displays the top terms by cluster. As described
in the main text, for each scholar, every term is assigned an importance weight 0-5. The
topics are ranked by the mean weight for scholars in the cluster, with the top 5 per cluster
displayed. Note that these average weights can also be interpreted in terms of the k-means
centroids. Each cluster has a centroid in the Cartesian coordinate system with one axis per
topic. For topic ¢, the mean weight for cluster c¢ is the coordinate of the centroid for ¢ on
the t-axis. One notable feature of these clusters is that the cluster we label “Classics” has
no particular strong associations. It seems to be a cluster of scholars interested in a broad
range of topics, perhaps related to the Humanistic Revolution.

Table 8: Top 5 terms associated with clusters 1-5

Cluster Topic Mean weight
Theologyl Catholic Church 4.69
Theologyl Theology, Doctrinal 1.91
Theologyl Theology 1.02
Theologyl Clergy 0.65
Theologyl Reformation 0.55
Theology2 Bible 3.36
Theology2 Theology 2.03
Theology2 Theology, Doctrinal 1.71
Theology2 Jesus Christ 1.01
Theology2 Bible.~Old Testament 0.95
Politics Politics and government 4.51
Politics Political science 0.76
Politics Diplomatic relations 0.71
Politics Economics 0.58
Politics Catholic Church 0.58
Law Roman law 4.55
Law Law 2.05
Law Canon law 1.54
Law Civil law 1.14
Law Digesta 0.81
Science Mathematics 3.41
Science Astronomy 2.68
Science Geometry 2.06
Science Science 1.79
Science Physics 1.53
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Table 9: Top 5 terms associated with clusters 6-10

Cluster Topic Mean weight
Classics Rome (Empire) 0.24
Classics Intellectual life 0.18
Classics Law 0.18
Classics Jesus Christ 0.14
Classics Antiquities 0.13
Philosophy Philosophy 4.27
Philosophy Ethics 1.24
Philosophy Logic 1.05
Philosophy  Science 0.90
Philosophy Metaphysics 0.89
Botany Botany 4.67
Botany Plants 2.48
Botany Natural history 1.87
Botany Medicine 1.18
Botany Botany, Medical 1.03
Culture Travel 4.60
Culture Antiquities 0.88
Culture Manners and customs 0.74
Culture Natural history 0.69
Culture Voyages and travels 0.64
Medicine Medicine 4.79
Medicine Physicians 0.85
Medicine Human anatomy 0.74
Medicine Materia medica 0.67
Medicine Surgery 0.62
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A.2 Academic fields over time

Figure 8: Shares of academic fields over time
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A.3 Publishing Scholars over Time by Cluster
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A.4 The Two Theology Clusters

As shown in Figure 9, the Theology 2 cluster is strongly concentrated in historically Protes-
tant areas, whereas the Theology 1 cluster is less geographically clustered. Theology 2 con-
tains notable Protestant Reformers; the top 3 scholars by publication are Luther, Melanch-
ton, and Wesley. However, the correlation between the clusters and denomination is not
perfect. For example, Theology 2 contains scholars born back to 1039, centuries before the
Reformation.

Figure 9: Birthplace of Theologians by Cluster

© Theology 1
© Theology 2

23



A.5 k-means algorithm

Figure 10 displays the BIC for the k-means algorithm estimated at different values of k.
BICy = TWSSy + log(I)Jk, where I = 16,149 and J = 1,360. This is minimized at
k = 10.

Figure 10: Bayesian Information Criterion for Different Values of k
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Note: k-means estimated using the default R package which implements the Hartigan-
Wong algorithm (Hartigan and Wong 1979). We initiate the k-means algorithm with
500 random guesses.
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B A Model

We consider one region. Production combines physical and human capital, K and H, through
a Cobb-Douglas function:
Y = AK“H'"™®

A > 0 denotes total factor productivity, and « € (0, 1) is the elasticity of output to physical
capital. The function displays constant returns to scale (homogeneity of degree one) with
respect to K and H.

Output Y can be used for consumption C, or investment in physical or human capital,
I or Iy. The economy’s resource constraint is

Y=C+Ix+1In

K = Ix — 6k K,

H =1y —6yH.

The depreciation rate dx € [0,1) is a parameter, while 0y is a function which depends on
the stock of inspiration per unit of human capital S/H, with elasticity —n:

_ g\ "
6y € [0,1) is a parameter. Behind the function §p there is the idea that if the “stock of
inspirations” is important, people benefits more from what has been studied in the past, and

the actual human capital depreciates less. The stock of inspirations reflects the past history
of human capital. It evolves according to

S =1y — 858, (7)

with parameter dg € [1,0p). Inspiration is built from the same investment in human capital
than actual human capital, but it depreciates at a slower rate. It thus particularly reflects
all the human capital history of the region.

The endogenous depreciation rate of human capital introduces an externality. Although
the region anticipates perfectly the path of 65, it fails to recognize the effect of its own action
on its dynamics. The region maximizes the discounted flow of utility. Utility is defined over
consumptions according to u(C'). The future is discounted at rate p. The maximization
program of the region can be expressed with the following present-value Hamiltonian:

J:U(C)GXP(—pt) +V(IK _6KK>+,M([H_5HH) +w(AKaHlia —C—[K _IH>

The variable w is the shadow price of income, while v and 1 are the shadow prices of physical
and human capital. The optimal for the controls C, Ix and Iy should satisfy:

o0J

50 = U (C)exp(—pt) —w =0 (8)
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ol v—w=0>0 (9)
51{{ =p—w=0 (10)
The differential equations for the shadow values of the state variables K and H are:
gf‘i =0 =waAK* T H'™ — vég (11)
g}—]] =p=w(l—a)AK*H™“ — véy (12)

The transversality conditions are

tliglo K(t)v(t) =0 and tliglo H(t)u(t) =0
From Equations (9) and (10) ¥ = u = w. Differentiating Equation (8) with respect to
time and substitute for w from (11) we get the standard condition for choosing consumption
over time. Moreover, from (11) and (12) we find that the net marginal product of physical
capital should equal the net marginal product of human capital:

QAK* T HY — 5 = (1 — ) AK®H™* — 6y

S.
7

= (%) & ad (%)”_@_am (g)a:(sK_aH (%)

The function g(-) is unambiguously increasing in its argument. We can now rewrite output

at time ¢ as: ) )
N S — B S —
voare (wa(g)) - (a(F))

Output thus obeys an AK production function with an additional factor depending on the
stock of inspirations per unit of human capital. Two regions with identical TFP and stock
capital can thus differ in output: the one with the highest stock of inspirations will produce
more.

In the long-run, however, this relation does not hold anymore. A balanced growth path
is characterized by C=Y=K=H=S8. H=S implies that 6y H = 055, which leads to
the long run stock of inspirations per unit of human capital

S 5H 1+'1
H Os

H_(S]_[ 5Hﬁ1—06
K = 0k \ds ‘

This relation defines an implicit function g(-) relating 2 to

and

«
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Analyzing the stability properties of the balanced growth path would involve linearizing a
system of equations including the dynamics of inspirations (7). Under the condition n = 0
(no inspirations), the growth rates of all variables immediately reach their balanced growth
path values, and there is no transitory dynamics. In that case, the model behaves like a
standard AK model. Using a continuity argument, the dynamics converge to the balanced
growth path provided that 7 is small enough.

This approach can be generalized to accommodate more than one type of human capital
(the academic fields).
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