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Knowledge producers conducting research on a particular set of
questions may respond to supply and demand shocks by shifting
resources to a different set of questions. Cognitive mobility mea-
sures the transition from one location to another in idea space. We
examine the cognitive mobility flows unleashed by the influx of
Soviet mathematicians into the United States after the collapse of
the Soviet Union. The data reveal that American mathematicians
moved away from fields that received large numbers of Soviet
émigrés. Diminishing returns in specific research areas, rather than
beneficial human capital spillovers, dominated the cognitive mobil-
ity decisions of knowledge producers.

Cognitio: knowledge as a consequence of perception or of the
exercise of our mental powers; a conception, notion, idea. ðCharl-
ton T. Lewis and Charles Short,ANew Latin Dictionary, 1879Þ

I. Introduction
Beginning with Sjaastad ð1962Þ, the study of labor mobility has been a

central area of concern in labor economics. There have been countless
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studies of the determinants and consequences of, for example, job mo-
bility, geographic mobility, and occupational mobility. These studies are
typically motivated by the insight that mobility plays a central role in al-
lowing labor markets to reequilibrate in response to supply and demand
shocks, improving labor market efficiency.
This article introduces and examines the economics of a different type of

mobility: cognitive mobility.We argue that in response to shocks, workers
not only move from one job to another, or from one geographic location
to another, but also move in the more abstract space of ideas.1 Knowledge
producers who are conducting research on a particular set of questions
may respond to supply and demand shocks by shifting their “mental pow-
ers” and other resources to a different set of questions. Cognitive mobil-
ity thus measures the transition from one location to another in idea space.
A number of recent studies document that the entry or exit of high-skill

researchers may influence the productivity of those workers who are cre-
atively close to them ðsee Azoulay, Zivin, and Wang 2010; Waldinger
2010Þ at least as much as it influences the productivity of natives who
are geographically close ðsee Waldinger 2012; see also Furman et al. 2005;
Hunt and Gauthier-Loiselle 2010; Kerr and Lincoln 2010; Moser, Voena,
and Waldinger 2014Þ. This finding suggests that the costs and benefits of
the immigration of knowledge producers cannot be evaluated without
documenting whether natives change the type of creative work that they
engage in as a response. This is a difficult question that has not yet been
addressed by the literature, mainly because answering it requires deter-
mining the intellectual contentof individual researchers’ contributionsover
time.
In this article, we examine how natives reallocate themselves in idea

space as a result of a supply shock that greatly increased the number of
knowledge producers working on specific topics.2 In particular, we ex-

1 The social sciences literature on the behavior of scientists and mathematicians
contains a number of descriptive studies of cognitive mobility ðsee Wagner Dobler
1999; Basu 2011; Basu and Wagner Dobler 2012Þ. These studies use migration
among thefields ofmathematics to determinewhichfields are “closer” to each other
and to examine the formation of networks. In related work, Galenson and Wein-
berg ð2000Þ and Galenson ð2005Þ provide a fascinating analysis of the changing
creativity of artists over the life cycle.

2 Cognitive mobility flows, of course, can also result from demand shocks. A
simple anecdotal example will suffice: The study of the “Great Moderation” seems
to have been an important topic in macroeconomics between 2000 and 2008.
However, the financial crisis of 2008 and the subsequent severe recession likely
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amine the cognitive mobility of American mathematicians triggered by
the influx of Soviet mathematicians after the collapse of the Soviet Union
in the early 1990s. Nearly 10% of the Soviet mathematical workforce left
the country after its political ðand economicÞ unraveling, with a dispro-
portionate number settling in the United States.
In Borjas andDoran ð2012Þ, we exploited the unexpected collapse of the

Soviet Union and the unbalanced nature of the ensuing supply shock to
show that the increased number of mathematicians in the United States led
to a significant decline in the volume of scientific output produced by
competing American mathematicians.3We now examine the repercussions
of the supply shock on the locational choices of American mathematicians
in idea space.
Standard models of knowledge production suggest that the supply re-

sponse can be either positive or negative, depending on whether spillover
effects resulting from the increase in the size of the stock of ideas or the
scarcity constraints implied by the law of diminishing returns dominate.
As a result, the direction of flows of cognitive movers provides indepen-
dent information about the relative importance of human capital spillovers
in the knowledge production sector. Most important, in a world where the
true productivity of knowledge producers is hard to measure, examining
cognitive flows allows us to bypass the measurement problems. As peo-
ple “vote with their minds,” they reveal private information about rela-
tive productivities in different locations of idea space that counts of pub-
lications, patents, and citations may miss.
Our data consist of a complete tabulation of all publications by Amer-

ican mathematicians between 1940 and 2009, including detailed infor-
mation on the “field” of each publication.4 These data allow us to examine
the evolution of research topics and interests over a particular mathema-
tician’s working life. We find that the supply shock generated a strong
cognitive mobility response: preexisting American mathematicians relo-
cated within idea space to research topics and questions that did not re-
ceive a large number of Soviet émigrés. We also document that new en-
trants to the American mathematics community began to systematically
avoid Soviet-style topics over the 2-decade period after the Soviet influx.
Our analysis identifies costs that are correlated with cognitive mobility

and shows that the Soviet influx increased those costs for a significant
number of American mathematicians. In particular, the data reveal that
mathematicians who move to a different point in idea space take longer

3 Abramitzky and Sin ð2014Þ examine the codified knowledge flows ðas mea-
sured by book translationsÞ resulting from this shock. Ganguli ð2013Þ examines
how Soviet scientific research was used in the West before and after the shock.

4 Dubois, Rochet, and Schlenker ð2012Þ use a subset of these data to examine the
correlates of the geographic mobility of mathematicians.

motivated many of the macroeconomists studying the presumed taming of the
business cycle to find more fertile ðand marketableÞ areas of research.
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to produce their next paper than mathematicians who stay within their
comfort zone and continue working in fields in which they have prior
experience. In addition to the finding that the Soviet influx increased the
number of cognitive movers ðand hence increased the length of the average
“preparation spell” for the next paperÞ, we also document that the length
of the preparation spell itself increased significantly for those American
mathematicians who experienced the stiffest competition from the Soviet
émigrés. This evidence is consistent with the presence of congestion costs,
as many mathematicians who work in one narrow area try to move at once
to another area.
Finally, our data allow us to examine some of the determinants of cog-

nitive mobility. In particular, we find that experienced ðand likely ten-
uredÞ and high-ability mathematicians were relatively less likely to switch
fields than were the younger or less productive mathematicians. This im-
plies either that the costs of cognitive mobility were higher for the best
mathematicians or that the net benefits from human capital spillovers were
higher. Given that the “excess” publication lag associated with post-1992
cognitive mobility is lower for high-ability mathematicians, the evidence
is most consistent with the conjecture that the beneficial spillover effects
resulting from the influx of highly skilled Soviet mathematicians accrued
mainly to the most productive American mathematicians.

II. Conceptual Framework

Our basic model of knowledge production is inspired by modern the-
ories of economic growth that emphasize how human capital externali-
ties affect the productivity of specific workers ðJones and Romer 2010Þ. A
worker surrounded by a high-skill workforce may himself become more
productive through exposure to new ideas and concepts. It is well known,
however, that these spillover effects must coexist with the traditional
laws of scarcity and diminishing returns that form the core of economic
analysis.
Consider the simplest model in which the production function for

“mathematical knowledge” in the United States, Y, depends on the stock
of ideas I, the stock of capital K used as inputs ðe.g., faculty slots and
computing resourcesÞ, and the stock of mathematicians L. Suppose that
there are constant returns to K and L and that the production function
is given by

Y 5 IfðKaL12aÞ; ð1Þ

where f gives the “externalities elasticity.” As long as the stock of ideas is
proportional to the size of the workforce, it is easy to show that the short-
and long-run effects of a supply shock ðm 5 d log LÞ on the marginal
product of mathematicians are
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d logMPL 5
ðf2 aÞm if d logK 5 0
fm if d logK 5m:

!
ð2Þ

The sign of the short-run effect depends on the relative strength of the
spillovers elasticity and the traditional competitive effect. Over time, how-
ever, the capital stock adjusts to the supply shock. If spillover effects exist,
the long-run impact will be positive because the stock of ideas expanded,
increasing worker productivity.
To introduce the notion of cognitive mobility, we allow for the possi-

bility that the mathematics workforce is not homogeneous. Mathemat-
ics, like all other disciplines, is composed of distinct “fields.” The exter-
nality captured byf is a global human capital externality: the change in the
total stock of mathematical ideas shifts the productivity of all mathema-
ticians by the same proportion. However, a supply shock that differen-
tially affects the size of the workforce in, say, geometric topology and
quantum theory might have different impacts on the stock of ideas useful
to researchers in those two areas.
The simplest way to incorporate the existence of different mathematical

fields is to reinterpret the variable L as the number of efficiency units
supplied by the mathematics workforce.5 Suppose that there are F distinct
mathematical fields, and define the total number of efficiency units as

L5 ðIv1L
b
1 1 # # #1 IvFL

b
FÞ

1=b; ð3Þ

where If gives the stock of ideas in field f, Lf gives the size of the work-
force in that field, v is the local externality elasticity measuring the size of
field-specific spillovers, and the elasticity of substitution between math-
ematicians in different fields is j5 1=ð12 bÞ.
For simplicity, suppose that we can categorize all research in mathe-

matics as Soviet-style research ðSÞ or American-style research ðAÞ. Let mS

and mA give the percentage change in the number of Soviet-style and
American-style mathematicians resulting from the supply shock follow-
ing the collapse of the Soviet Union, with mS > mA. The impact of the
supply shock on the relative productivity of mathematicians working in
these two areas is then given by

d logMPS 2 d logMPA 5

"
v2

1
j

#
ðmS 2mAÞ; ð4Þ

in both the short and long runs.6 Note that the global externality f does
not affect the change in the relative marginal product since it expands the

5 See Borjas and Doran ð2015Þ for an extended discussion of the multilevel con-
stant elasticity of substitution framework in the human capital externalities context.

6 The derivation of eq. ð4Þ assumes that the stock of ideas in a particular field is
proportional to the number of workers in that field.
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productivity of all mathematicians equally, regardless of field. Further,
the distributional impact summarized by ð4Þ persists in the long run, even
after the capital stock has adjusted. Finally, the net impact of the supply
shock can be positive or negative, depending on whether the local exter-
nality elasticity v is larger than the competitive effect measured by the in-
verse of the elasticity of substitution.
Regardless of the direction of the net effect in equation ð4Þ, the supply

shock may trigger a supply response.7 The sign of the net productivity im-
pact may induce an inflow of mathematicians from other fields into the
Soviet-dominated fields ðif the net effect is positiveÞ or an outflow of math-
ematicians currently conducting research in the Soviet-dominated fields
into those fields less affected by the supply shock ðif the net effect is neg-
ativeÞ.8
It is easy to describe the mechanism generating these cognitive mobility

flows. LetMPiS andMPiA denote themarginal product ofmathematician i in
the Soviet- and American-style fields, respectively. An income-maximizing
mathematician who decided to conduct research in Soviet-dominated fields
prior to the collapse of the Soviet Union must have satisfied the inequality
MPiS >MPiA. Let gi measure the net effect of the supply shock on the pro-
ductivity of mathematician i. After the supply shock, a Soviet-style mathe-
matician will engage in cognitive mobility and begin to conduct American-
style research only if

MPiS 1 gi
<MPiA 2Ci; ð5Þ

where Ci gives the costs of cognitive mobility ðe.g., retooling skills, in-
vesting in a new network of collaborators, moving to a new institution,
etc.Þ. We assume that these mobility costs are strictly positive.
The preshock revealed preference of mathematician i implies that a

Soviet-style mathematician will switch to American-style research if and
only if

gi
<2Ci: ð6Þ

Since mobility costs are positive, a Soviet-style mathematician responds to
the supply shock by switching to American-style research only if the net
effect gi is strongly negative. Put differently, if we were to observe many

7 A number of related studies examine how immigration affects the human cap-
ital investment decisions of nativeworkers. Llull ð2010Þ estimates a structuralmodel
of the US labor market, concluding that natives adjusted their human capital and
labor supply behavior in response to immigration, while Hunt ð2012Þ measures
native human capital responses to immigration using a panel data set of US states.

8 Note that the supply response in the space of ideas is not identical to a supply
response in the space of occupations. A research professor may remain a research
professor, at the same institution, with the same job title, institutional colleagues,
pay structure, and responsibilities, while drastically refocusing hismental efforts on
a different set of research questions.
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Soviet-style mathematicians switching to American-style topics in the
aftermath of the supply shock, this observation necessarily implies that the
adverse competitive affects arising from the supply shock must be far
stronger than the positive spillovers generated by the expansion in the
stock of ideas.
Similarly, consider the cognitive mobility decision of mathematicians

who are conducting American-style research prior to the supply shock.
This subsample of mathematicians must satisfy the inequalityMPiA >MPiS.
Mathematicians in this group will switch to Soviet-style research after the
supply shock if

MPiS 1 gi 2Ci >MPiA: ð7Þ

Because these mathematicians had an initial advantage in conducting
American-style research, the observation of cognitive mobility to Soviet-
style fields implies that

gi
>Ci: ð8Þ

In other words, cognitive mobility from American-style to Soviet-style
research implies the presence of strong positive externalities.
It is important to emphasize that cognitivemobilitywill beobservedonly

if the net spillover is numerically large regardless of sign. The net spillover
will be strongly positive if the cognitive movers are mainly composed of math-
ematicians switching from American- to Soviet-style research, or it will be
strongly negative if the movers flow in the opposite direction. Regardless of
the sign of gi, the net spillover must outweigh the costs of cognitive mo-
bility. We show below that these costs are sizable and likely increased after
the supply shock.9

III. Historical Context and Data

Our empirical exploration of the concept and relevance of cognitive
mobility examines the research decisions made by mathematicians in the
United States prior to and after the collapse of the Soviet Union. As docu-
mented by Borjas and Doran ð2012Þ, after a long period of infrequent
contacts between Soviet and Western mathematicians, over 1,000 Soviet
mathematicians ðor roughly 10% of the stockÞ left the Soviet Union after
1992, with around a third eventually settling in the United States. This
particular historical event has a number of key features that play a crucial
role in our identification strategy:

9 It is easy to expand the model to learn more about the selection that char-
acterizes the sample of cognitive movers. After all, there is probably a great deal of
heterogeneity in the magnitude of the net spillover ðgiÞ and migration costs ðCiÞ
across mathematicians. The selection rule that determines the subsample of movers
will depend on the correlation between these variables and a mathematician’s in-
nate ability. We provide evidence below suggesting that high-ability mathemati-
cians likely benefited the most from the human capital spillovers.
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1. The opportunity for large numbers of Soviet mathematicians to
migrate to the United States arose unexpectedly and suddenly, be-
ginning around the 2-year period surrounding the collapse of Soviet
communism in 1990–91.

2. The supply shock was large, both because of the latent demand for
immigration after decades of tightly sealed borders and because of
the sudden collapse of the Soviet economy ðGanguli 2010Þ.10

3. Neither Soviet nor American mathematicians anticipated the abrupt
opening of borders due to the lifting of the Iron Curtain, so that
decisions made prior to 1992 to specialize in specific areas can be
viewed as exogenous.

4. The Soviet mathematical community was not as broad as its Amer-
ican counterpart; further, it excelled in specific areas because of path
dependence in Soviet mathematical insights and the relatively infre-
quent contact between Soviet and Western mathematicians during
the decades of Soviet communist rule.

5. The supply shock resulting from the collapse of the Soviet Union
was “unbalanced” in that it increased the supply of American math-
ematicians working in different fields differentially; some Amer-
ican mathematicians were highly “exposed” to the Soviet influx,
while other American mathematicians barely noticed the ripples of
the shock.11

As a result, the post-1992 influxof Sovietmathematicians into theUnited
States provides a unique opportunity to observe how native knowledge
producers respond to new talent that suddenly chooses to locate close to
them in the space of ideas. Around 1992, some American mathematicians
faced an influx of new colleagues and competitors in their specific research
areas, while other American mathematicians did not. Our empirical strat-
egy is to compare the degree of cognitive mobility experienced by these
two groups of American mathematicians both before and after the shock.
It is important to emphasize that although the field distribution of ac-

tual Soviet émigrés to the United States was selected in part as a result of

10 Even though the Soviet émigrés who moved to the United States increased the
number of mathematicians in the country by only 1.1%, their pre-1992 output as
defined by the number of papers published was equal to 3.4% of the output of
American mathematicians. Grogger and Hanson ð2013Þ document that the sub-
sample of scientific immigrants who migrate to the United States tends to consist
of persons of high academic ability.

11 In addition to increasing the quality-adjusted number of preexisting American
mathematicians, the Soviet émigrés continued to specialize in Soviet-style fields
after arriving in the United States. Soviet émigrés in the United States published
47% of their pre-1992 papers and 41% of their postmigration papers in the 1990s
in Soviet-style fields ðas defined belowÞ. In contrast, preexisting American mathe-
maticians published only 31% of their post-1992 papers in Soviet-style fields.
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American demand for specific types of mathematicians at that time, the
historical context suggests that the distribution of all Soviet mathemati-
cians across fields before 1992 was not related to US demand. Thus, a key
feature of the empirical strategy is its use of the potential supply shock
across areas of knowledge, measured by the pre-1992 Soviet distribution
of mathematicians across the fields of mathematics.
The most comprehensive data available on the published contributions

of individual mathematicians ðboth in the United States and abroadÞ are
contained in the American Mathematical Society’s ðAMSÞ MathSciNet
archives. The AMS gave us access to the information in this archive and
provided us with a database that reports the number of papers published
by every mathematician in the world, by field and year, since 1939. In ad-
dition to the information on the number of papers, the AMS data report
the mathematician’s institutional affiliation at the time the paper was pub-
lished, as well as the location of the affiliation. The AMS, however, began
to collect the affiliation information on a systematic basis only around 1984,
so that affiliation and location are not typically available for earlier papers.
Most important, the AMS professional staff assigns each publication in
mathematics to one of the many fields that make up the study of mathe-
matics. TheAMSprovided uswith the author-year-field information at the
two-digit field level, classifying every publication by each mathematician
over the 1939–2009 period into one of 73 different fields.12

Borjas and Doran ð2012Þ used these data, merged with information
from the Thomson Reuters’ Institute for Scientific Information ðISIÞWeb
of Science archive and data from the Mathematical Genealogy Project, to
construct the universe of active American mathematicians prior to the
collapse of the Soviet Union. In general terms, Borjas and Doran defined
the population of active American mathematicians as composed of per-
sons who, prior to 1989, had published predominantly using an American
affiliation or who, in the absence of any affiliation data, obtained their
doctoral degree from an American institution.
The empirical analysis reported below also uses the sample of American

mathematicianswho first entered research activity after 1990.We apply the
definitions introduced in Borjas and Doran ð2012Þ to construct the more
recent cohorts of American mathematicians. In particular, we examine the
location of the affiliations reported in the papers published in the first
5 years of amathematician’s career and classify the person as “American” if
more than half of those publications used an American affiliation.13

12 In our earlier work ðBorjas and Doran 2012Þ, we specifically used the publi-
cation history of American mathematicians between 1978 and 1989 as the “base-
line.” Only 63 of the subjects are populated during that period.

13 The data appendix in the extendedworking paper version of this article ðBorjas
and Doran 2013Þ contains a detailed description of the data and the construction of
the samples.
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We construct a panel in which an observation represents a mathemati-
cian/paper permutation. For each mathematician/paper, we know both the
paper’s two-digit field code and the year of publication. In short, our data
describe the entire publication history of Americanmathematicians between
1940 and 2009. Table 1 reports some summary statistics of the data set. It
contains a total of 711,497 published papers written by 78,684 unique Amer-
ican mathematicians, and about 44% of these mathematicians entered active
research activity before 1992.
We wish to examine the trends in the field distribution of papers pub-

lished by American mathematicians. Table 2 illustrates the dramatic dif-
ferences in specializations between Soviet and American mathematics
prior to the collapse of the Soviet Union. In particular, the table reports the
“top 10” fields in the Soviet Union between 1984 and 1989, ranked by the
share of Soviet papers in that field. The top two Soviet fields are partial and
ordinary differential equations, and these two fields account for almost
18% of all Soviet publications. In contrast, only about 5% of American
papers written during the period were in those two fields. More generally,
the top five fields listed in table 2 account for 35.6% of all Soviet pub-
lications but only about 19.1% of American publications, while the top
10 fields account for 53.2% of all Soviet publications and 36.5% of Ameri-
can publications.
To reduce the dimensionality of field choice from the 73 potential out-

comes, we initially construct a simple index indicating the “Soviet-ness” of
a particular mathematician’s research interests at a point in time. In par-
ticular, for each paper written by an American mathematician, we create a
dummy variable indicating if the paper is in a “Soviet-style field”; that is,

Table 1
Summary Statistics, Sample of American Mathematicians

Variable All Mathematicians
Pre-1992
Cohorts

Post-1992
Cohorts

Number of mathematicians 78,684 34,318 44,366
Number of papers:
Published 1940–2009 711,497 560,262 151,235
Published 1940–91 330,370 330,370 . . .
Published 1992–2009 381,127 229,892 . . .

Percentage of papers in
Soviet fields:

Published 1940–2009 .315 .326 .271
Published 1940–91 .334 .334 . . .
Published 1992–2009 .298 .316 . . .

Dissertation paper: percentage of
dissertations in Soviet fields .281 .320 .251

NOTE.—The sample consists of all American mathematicians who first published between 1940 and
2009. The dissertation paper is defined to be the first paper published by a mathematician.
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the paper is in one of the 10 fields listed in table 2.14 As will be shown
below, we replicated our analysis using a number of alternative definitions
of Soviet-style fields, as well as measures of “cognitive distance” from the
Soviet research agenda, and find that the results are robust to the use of
alternative classifications.
Table 1 also reports summary statistics for the fraction of Soviet-style

papers written by American mathematicians. The data show that the frac-
tion of Soviet-style papers written by the preexisting group of American
mathematicians declined from 33.4% for papers published before 1992 to
31.6% for papers published after 1992. New entrants into the mathematics
market also became less likely to write papers in Soviet-style fields. In

14 Depending on the content of the paper, MathSciNet provides detailed infor-
mation not only on the primary field classification but also on secondary, tertiary,
and even lower-level field classifications.Although the database thatAMSprovided
to us contains only the primary field category, we are able to determine the sec-
ondary, tertiary, quaternary, and quintinary fields ðif they exist in the first placeÞ for
a nonrandom sample of 50% of the pre-1992 papers in the AMS database. We find
that a third of the Soviet-style papers report a subprimary field that is not Soviet-
style. But many of these fields are far down in the list: only one out of every four
Soviet-style papers reports a secondary field that is not a Soviet-style field. If we
assume that a paper’s “true” field is a weighted average of the multiple field clas-
sifications, with the primary field weighted twice as much as the secondary field,
which is weighted twice as much as the tertiary field, etc., then the average paper in
our Soviet-style category has a true field index that is 89.2% Soviet-style, and the
average paper in the American-style category has a true field index that is 1.6%
Soviet-style. Even with variations in our weighting scheme, it is clear that our sim-
ple classification captures the predominant field content of these papers.

Table 2
Main Fields of Publications in the Soviet Union, 1984–89

Field

Share of Papers
Published in the
Soviet Union

Share of Papers
Published in the
United States

1. Partial differential equations .104 .033
2. Ordinary differential equations .074 .019
3. Quantum theory .068 .059
4. Probability theory and stochastic

processes .061 .039
5. Global analysis, analysis on manifolds .048 .039
6. Operations research, mathematical

programming .044 .071
7. Numerical analysis .043 .043
8. Operator theory .031 .019
9. Statistical mechanics, structure of matter .029 .026
10. Functions of a complex variable .028 .015

NOTE.—The paper counts in each field are obtained directly from the Web-based AMS Mathematical
Reviews database ðMathSciNetÞ and consist of all papers published by mathematicians affiliated with
Soviet or American institutions between 1984 and 1989.
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particular, the table reports the probability that the first paper published
byamathematician inhis career,whichwewill call the “dissertation”paper,
is in a Soviet-style topic. The trends are revealing: 32.0% of dissertations
writtenprior to1992were inSoviet-style topics, as compared toonly25.1%
of dissertations written after 1992.

IV. The Determinants of Cognitive Mobility

Suppose that each of the distinct fields of mathematics ðe.g., statistics or
numerical analysisÞ represents a specific location in the space of ideas.
While writing a paper in one of these fields, a mathematician resides in
that location in idea space. After the mathematician completes a particular
paper, he begins a “preparation spell” that ends when the subsequent paper
is published.
During the preparation spell, a mathematician considers the benefits

and costs of staying in the particular research area. This calculation may
motivate the mathematician to remain in the same location in idea space
or to choose a new location. A supply shock of new mathematicians into a
subset of locations in idea space alters the cost-benefit calculus. Citation
rates in mathematics are far higher within each field than across fields.15

As a result, the increase in the stock of knowledge at a particular location
in idea space resulting from the supply shock could increase productivity
for mathematicians already residing in that location. But the supply shock
may also increase the costs of staying in that location: more mathemati-
cians now compete for resources and attention in that field. Equally im-
portant, the mathematician recognizes that cognitive mobility is costly:
the duration of the preparation spell may be longer if he must learn a new
set of skills and mathematical techniques when moving to a different point
in idea space.
This section examines two related questions. First,which factors induce a

mathematician to move to a different location in idea space in response to a
supply shock? Second, does the cognitive mobility represent a movement
toward the research questions favored by newcomers or away from them?
As the model presented in Section II showed, the net change in the relative
marginal product that a mathematician faces in two potential locations in
idea space depends on the relative strengths of ðlocalÞ human capital spill-
overs and the increased competition implied by the law of diminishing re-
turns. The direction of cognitive mobility flows provides information about
which of these two effects is dominant.
We begin to address these questions by examining the locational choices

in idea space for the group of American mathematicians who entered ac-

15 For example, 80% of the citations in the papers published in the top 10 Soviet-
style fields are to papers in those same 10 fields; see also Borjas and Doran ð2012,
1169Þ.
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tive research activity prior to 1992. We define two distinct groups of pre-
existing American mathematicians: those whose pre-1992 dissertation was
on a Soviet-style topic and those whose pre-1992 dissertation was not.16

This simple approach exploits the fact that the preexisting mathemati-
cians chose their dissertation topicswithout considering anypotential costs
or benefits arising from future competition or collaboration with Soviet
mathematicians.
The challenge in empirically measuring cognitive mobility is that math-

ematicians sometimes alternate the topics that they work on from paper to
paper. We need a measure of cognitive mobility that does not interpret
a regular vacillation between field 7 and field 32 on a set of consecutive pa-
pers as a set of fast-paced creative journeys between these subjects; it is
more likely that this vacillation itself represents the mathematician’s con-
stant “location” in the space of ideas.
We initially consider two conceptually distinct ways to measure a

change in location in the space of ideas. First, we can observe whether each
of the mathematician’s future papers is in the same area as the dissertation
topic and measure how the probability of writing in one’s dissertation area
changes over time—and particularly how it changes after the Soviet supply
shock. This approach is akin to thinking of amathematician’s “location” in
the space of ideas as the probability distribution of that mathematician’s
output across fields. For simplicity, we reduce the dimensionality of the
measurement by dividing fields into two categories ðSoviet- andAmerican-
styleÞ. We further simplify the measurement problem by measuring all
changes relative to the field of the dissertation paper.
Alternatively, we can define cognitive mobility by observing the first

time that a mathematician publishes in a specific field. We can measure the
probability that mathematicians write for the first time in a new area in
which they have never worked before and again observe how this prob-
ability evolves over time. This measure of cognitive mobility is obviously

16 Throughout the analysis, we use the term “dissertation” to refer to the first
paper published in a mathematician’s career. Although this is a convenient expo-
sitional device, we suspect that in most cases the subject of a mathematician’s first
paper is indeed the subject of the actual doctoral dissertation. We use the disser-
tation paper to define the groups of Soviet- andAmerican-style mathematicians for
two distinct reasons. First, the dissertation topic reflects the training acquired over
a multiyear period that presumably prepared the mathematician for the research
concerns he intended to pursue after the doctorate. More importantly, we define
the extent of cognitive mobility by observing the field of each paper ðafter the
dissertation paperÞ published over the mathematician’s career. In order to avoid
selecting on the dependent variable, we must exclude from our regressions any
papers used to define our subgroups. The definition of the subgroups according
to the field of the first published paper allows our regressions to exclude as few
papers as possible. Our results are robust to using additional papers ðe.g., papers
published in the first 2 or 5 yearsÞ to define the subgroups of mathematicians.
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not identical to the measure defined in the previous paragraph; even if the
distribution of papers across subjects does not change appreciably, the
tendency to explore a brand-new areamay ðormay notÞ change a great deal
over time.
As noted above, we reduce the dimensionality of locations in idea space

by compressing the 73 fields ofmathematics into two categories: ðiÞ Soviet-
style fields, composed of the 10 fields that were the most populated in
the Soviet Union prior to the collapse; and ðiiÞ American-style fields, the
residual group of the 63 other fields.17

Using this simple two-way classification, we plot our first measure of
cognitive mobility, the probability that a paper written in year t is in a
different field than the dissertation, in panel A of figure 1. In the 1980s,
before the collapse of the Soviet Union, American mathematicians who
wrote their dissertations on American-style topics had an average proba-
bility of about 20% of writing in a Soviet-style field in later papers. This
probability remained roughly constant after the Soviet influx; in fact, if
anything, there is a slight decline after 1992. The evidence thus suggests
that the supply shock had either no impact or a small negative impact on the
propensity for cognitive mobility among mathematicians who began their
career in American-style fields. In terms of the model, it seems that the
mobility costs of locating in a different point in idea space for American-
style mathematicians far exceed any ðpotentialÞ positive spillover effects.
In contrast, before the collapse of the Soviet Union, American mathe-

maticians who wrote their dissertations on Soviet-style topics had a 30%–

35% probability of writing on a non-Soviet topic in each of their later
papers. But this probability began to increase rapidly after the Soviet in-
flux, reaching a peak of about 50% by 2005. The data thus suggest that the
supply shock substantially increased the propensity for cognitive mobility
among American mathematicians who wrote a Soviet-style dissertation.
Put differently, the data reveal that American mathematicians who started
their careers in a location in idea space that received a large number of So-
viet émigrés responded to the influx by moving to a new location that re-
ceived fewer immigrants. In terms of themodel, the direction of the flow of
cognitive movers implies that the net spillover effect must be strongly neg-
ative since it must outweigh the mobility costs.
Panel B of figure 1 illustrates the trends using our second measure of

cognitive mobility, a measure that indicates whether a mathematician en-
tered a brand-new field in year t ði.e., a field in which he had never pub-
lished beforeÞ. The figure clearly shows that, within a few years after the

17 This reduction in dimensionality implies that the “brand-new field” measure
of cognitive mobility identifies the first time that a mathematician with a Soviet-
style ðAmerican-styleÞ dissertation switched to American-style ðSoviet-styleÞ re-
search.
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FIG. 1.—Trends in cognitive mobility, 1978–2009. A, Probability of publishing
in a field different from dissertation. B, Probability of publishing in a brand-new
field. The sample consists of American mathematicians who first published be-
fore 1992. See table 2 for the list of fields that are Soviet-style; all other fields, by
definition, are American-style. We smooth out the trend by using a 3-year moving
average of the rate of cognitive mobility centered on the middle year in the inter-
val. The brand-new field variable in panel B measures publishing for the first time
in one of the two categories of fields ðSoviet-style or American-styleÞ.



start of the Soviet influx, there was a sharp increase in the tendency of Soviet-
style mathematicians to explore other ði.e., non-SovietÞ research areas for
the first time. Note that the increase in the rate of cognitive mobility is ob-
served around 5 years after the supply shock. As we will show in the next
section, this timing roughly coincides with the amount of time required to
retool mathematical skills from American-style to Soviet-style fields. In
short, both panels of figure 1 demonstrate a large increase in the rate of
cognitive mobility, however it is measured, for Soviet-style mathematicians
after the influx of Soviet émigrés.
To examine the sensitivity of our findings to controlling for various

background characteristics, we estimated the linear probability regression
model

pinðtÞ5 di 1 dt 1 vðTi $ SiÞ1 Zib1 ε; ð9Þ

where pinðtÞ is the probability of cognitive mobility from the dissertation
to paper n published bymathematician i in calendar year t;T is a dummy var-
iable indicating if that paper was published after 1992; Si is a dummy variable
indicating if the mathematician’s dissertation topic was in a Soviet-style field;
Z is a set of characteristics that may influence a mathematician’s location
in idea space ðdiscussed belowÞ; and di and dt are vectors of individual and
calendar year fixed effects, respectively. It is important to emphasize that this
regression model is estimated using only the sample of preexisting American
mathematicians.18

Table 3 reports the relevant coefficients from this regression model us-
ing several alternative specifications. Regardless of the specification, we find
that the supply shock led to a substantial increase in cognitive mobility out
of Soviet-style areas and into American-style work. Consider, for instance,
the simplest specification reported in column 1, which includes only amath-
ematician’s years of experience ðintroduced as a quarticÞ in the vector Z.
The coefficient of the interaction variable between the post-1992 indicator
and the variable indicating whether the mathematician wrote a Soviet-style
dissertation is around .12, regardless of the measure of cognitive mobility
used. Put differently, the ðrelativeÞ probability of moving to American-style
research for Soviet-style mathematicians increased by about 12 percentage
points after the supply shock.19

18 The regressions that use themeasure of cognitivemobility to a brand-newfield
as a dependent variable include only those spells that potentially allow for such a
move to occur. Once a Soviet-style ðAmerican-styleÞ mathematician writes his
first-ever American-style ðSoviet-styleÞ paper, all subsequent spells in that math-
ematician’s career must have a zero for the dependent variable.We exclude all those
subsequent spells from the regressions.

19 We briefly note two distinct robustness checks. First, although the standard
errors reported in the tables adjust for individual-level heteroscedasticity, the re-
sults remain statistically significant if we cluster the standard errors at the broader
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The data also allow us to examine the question of which mathemati-
cians are most likely to engage in cognitive mobility. As our model showed,
cognitive mobility occurs when the net spillovers due to an influx of
mathematicians into a particular location in idea space outweigh the costs
of migration. As a result, the cognitive movers are a self-selected group of
mathematicians. Hence, we can examine the distinctive characteristics of
this group to learn about how the net spillovers or the mobility costs dif-
fer among different mathematicians.

dissertation-field level. Second, four subjects were added during the revision of the
Mathematics Subject Classification in 2000. Our results, however, are not affected
by this reclassification and are robust when papers published in the newly defined
subjects are removed from the sample.

Table 3
Impact of the Soviet Supply Shock on the Rate of Cognitive Mobility

Specification

ð1Þ ð2Þ ð3Þ

A. Dependent variable: paper in a field
different from the dissertation:

Post-1992 indicator $ Soviet-style dissertation .123 .125 .140
ð.006Þ ð.006Þ ð.014Þ

Post-1992 indicator $ tenured as of 1992 . . . 2.002 2.007
ð.006Þ ð.006Þ

Post-1992 indicator $ rate of output . . . 2.007 2.003
ð.003Þ ð.002Þ

Post-1992 indicator $ Soviet-style dissertation $
tenured as of 1992 . . . . . . .009

ð.012Þ
Rate of output . . . . . . 2.010

ð.006Þ
B. Dependent variable: paper in a brand-new field:

Post-1992 indicator $ Soviet-style dissertation .130 .124 .216
ð.007Þ ð.007Þ ð.015Þ

Post-1992 indicator $ tenured as of 1992 . . . .001 .003
ð.004Þ ð.004Þ

Post-1992 indicator $ rate of output . . . 2.015 2.010
ð.002Þ ð.001Þ

Post-1992 indicator $ Soviet-style dissertation $
tenured as of 1992 . . . . . . 2.035

ð.012Þ
Rate of output . . . . . . 2.062

ð.010Þ
NOTE.—Standard errors are reported in parentheses and are clustered at the individual level. The sample

consists of mathematicians whose first published paper was before 1992. All regressions include a vector
of individual fixed effects and a quartic control for years of experience. The “tenured as of 1992” variable
indicates whether the mathematician had at least 10 years of experience as of 1992; the “rate of output”
variable gives the annual number of papers published by the mathematician between the year of entry and
1991. The regressions in panel A have 525,944 observations; the regressions in panel B have 216,657
observations. The regressions in panel B exclude all spells after the mathematician first switches to a field
different from the dissertation.
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Column 2 of table 3 includes two additional variables in the vector Z:
an indicator of whether the mathematician was likely to be tenured as of
1992 and the mathematician’s rate of output, as measured by the number
of papers that the mathematician published annually prior to 1992.20 The
individual fixed effects, of course, subsume the direct effect of both of these
variables. Nevertheless, it is possible that their impact differs in the pre-
and postshock periods. Column 2 reports the interaction of these “quality”
variables with the post-1992 indicator. It is noteworthy that both of these
interaction variables are negative ðin panel AÞ, although only the pre-1992
rate of output is statistically significant.
Amore interesting specification allows for the impact of these “quality”

variables to differ not only before and after the shock but also between
American- and Soviet-style mathematicians. The fully interacted model pre-
sented in column 3 of table 3 reports the coefficients from this expanded
specification.
Consider the variable measuring whether the mathematician was ten-

ured at the time of the supply shock in the regression that examines cog-
nitive mobility to a brand-new field. The three-way interaction ðpost-1992
indicator$ Soviet-style dissertation$ tenured as of 1992Þ is strongly nega-
tive, indicating that the impact of the supply shock in driving Soviet-style
mathematicians away from Soviet-style researchwas attenuated if themath-
ematician had job security at the time.21 Note that the numerical magnitude
of this attenuation effect is large: the probability of moving for the first time
to an American-style research area after the Soviet supply shock falls by
3.5 percentage points if the mathematician was tenured.
Similarly, although the inclusion of individual fixed effects controls for

differences in individual quality, there may be a differential effect between
high- and low-ability mathematicians. Column 3 of table 3 shows that
the coefficient of the three-way interaction variable ðpost-1992 indicator$
Soviet-style dissertation$ rate of outputÞ is also negative and significant, sug-
gesting that high-ability Soviet-style mathematicians were relatively less
likely to move after the supply shock.
The numerical magnitude of the coefficient is interesting. In particular,

the impact of the supply shock on cognitive mobility approaches zero
when the rate of output has a value of between 3.5 and 12.7, depending on

20 We do not observe directly if a mathematician was tenured at the time of the
collapse of the Soviet Union. The “tenured as of 1992” variable is a dummy variable
indicating if the mathematician had at least 10 years of experience as of 1992 ði.e.,
his first publication occurred prior to 1982Þ. At the time, postdoctoral fellowships
in mathematics were relatively rare, so that a mathematician who continued to
publish in academic journals after his first decade in the profession likely had at-
tained tenure at an academic institution.

21 Note, however, that the effect of the tenure variable is statistically significant
only in the regression that uses the brand-new field measure of cognitive mobility.
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the definition of cognitive mobility.22 This threshold roughly marks the
99th percentile of the rate of output distribution across mathematicians,
so that the most prolific Soviet-style mathematicians chose to stay in those
locations in idea space where the Soviet émigrés clustered. In short, the
probability of cognitive mobility rose markedly for the “average” Soviet-
style mathematician but did not change ðor perhaps fellÞ for high-ability
Soviet-style mathematicians.
In sum, the data reveal the presence of a potentially important type of

selection: the cognitive mobility effects of the supply shock are attenuated
for the best American mathematicians who did Soviet-style research. This
type of selection can occur only if either the net human capital spillovers
are positive and very large for the most productive Soviet-style mathe-
maticians or their mobility costs are relatively high. We will address these
alternative hypotheses in more detail in the next section.23

It is worth noting that the effects documented in table 3 are robust to
the use of alternative definitions of “Soviet-style” fields. In particular,
table 4 reestimates the basic set of regressions using a number of alter-
native definitions. For expositional convenience, the top row of the table
summarizes the main set of coefficients resulting from the simplest defi-
nition ðthe 10 fields with the largest shares of papers in the Soviet Union
before 1989Þ, using the fully interacted specification.
To illustrate the construction of the alternative definitions, let D 5 sf 2

af, where sf is the share of pre-1989 papers published in field f in the Soviet
Union, and af is the share of papers published in that field in the United
States. Row 2 of the table reports the regression results when the Soviet-
style fields are defined as the 10 fields with the largest values of the dif-
ferenced share D. There is, of course, a significant overlap between this
definition of Soviet-style fields and the simpler one used in row 1, but this
alternative definition allows for the fact that even though a field such as
operations research, mathematical programming was popular in the So-
viet Union, it was even more popular in the United States. Despite the dif-

22 For example, the coefficient of the two-way interaction between the post-
1992 indicator and the Soviet-style dissertation in panel B is .216, while the co-
efficient of the three-way interaction between these two variables and the rate of
output is 2.062. The net effect is zero when the rate of output is 3.5. The rate of
output variable across all American mathematicians takes on a value of 1.5 at the
90th percentile, 2.1 at the 95th percentile, and 3.5 at the 99th percentile.

23 In the appendix of Borjas and Doran ð2013Þ, we extend the empirical analysis
to examine the evolution of a mathematician’s research interests over the life cycle
and how the life cycle path of research interests was disrupted by the supply shock
initiated by the collapse of the Soviet Union in 1992. We find that the supply shock
reduced the degree of creative diversity over the life cycle for American-style mathe-
maticians because it reduced their incentives to engage in Soviet-style topics but in-
creased the degree of creative diversity for Soviet-style mathematicians by encourag-
ing their move to American-style work.
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ference in the definition of Soviet-style fields, the regression coefficients
are barely affected.
Row3defines the groupof Soviet-style fields by using the top 10 fields in

the relative share given by R5 sf=af . This definition is obviously suscep-
tible to the presence of “outlier” fields.24 Nevertheless, the regression
coefficients yield qualitatively similar results ðalthough with larger stan-
dard errorsÞ. Finally, to prevent the classification of Soviet-style fields
from being dominated by fields that attract a very small number of Amer-
icanmathematicians ðand hence lead to a very high value ofRÞ, row 4 of the
table redefines the Soviet-style fields as the 10 fields that have the largest

Table 4
Sensitivity of Results to Alternative Definitions of Soviet-Style Fields

r 5 Post-1992 Indicator $ Soviet-Style
Dissertation

Dependent Variable and Definition
of Soviet-Style Fields r r $ Tenured

r $ Rate
of Output

A. Paper in a field different from dissertation:
1. Top 10 Soviet shares ðsfÞ .140 .009 2.010

ð.014Þ ð.012Þ ð.006Þ
2. Top 10 difference in shares ðsf 2 afÞ .137 2.013 2.006

ð.015Þ ð.013Þ ð.006Þ
3. Top 10 relative shares ðsf=af Þ .097 2.020 2.007

ð.025Þ ð.022Þ ð.010Þ
4. Top 10 relative shares ðsf=af Þ and

af is above median .133 2.005 2.007
ð.014Þ ð.013Þ ð.006Þ

B. Paper in a brand new field:
1. Top 10 Soviet shares ðsfÞ .216 2.035 2.062

ð.015Þ ð.012Þ ð.010Þ
2. Top 10 difference in shares ðsf 2 afÞ .297 2.089 2.071

ð.024Þ ð.019Þ ð.014Þ
3. Top 10 relative shares ðsf=af Þ .346 2.077 2.058

ð.042Þ ð.061Þ ð.010Þ
4. Top 10 relative shares ðsf=af Þ and

af is above median .274 2.080 2.069
ð.022Þ ð.016Þ ð.013Þ

NOTE.—Standard errors are reported in parentheses and are clustered at the individual level. The sam-
ple consists of mathematicians whose first published paper was before 1992. All regressions include a
vector of individual fixed effects and a quartic control for years of experience. The “tenured as of 1992”
variable indicates whether the mathematician had at least 10 years of experience as of 1992; the “rate of
output” variable gives the annual number of papers published by the mathematician between the year
of entry and 1991. The regressions in panel A have 525,944 observations; the regressions in panel B have
216,657 observations in row 1, 255,953 observations in row 2, 360,091 observations in row 3, and 256,737
observations in row 4. The regressions in panel B exclude all spells after the mathematician first switches
to a field different from the dissertation.

24 For example, the field integral equations accounted for 1.3% of Soviet pub-
lications, but for only 0.3% of American publications, and has the largest value of
the relative share ð4.1Þ.
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values of the relative share R as long as the field had a significant pre-1989
American presence ðin particular, af is above themedianÞ.25 The comparison
of rows 1 and 4 of the table again shows that the regression coefficients are
quantitatively very similar.26

We also constructed two distance-based measures of cognitive mobility.
The first uses the similarity index between the research interests of a par-
ticular American mathematician and the pre-1990 Soviet field distribution.
Let aif be the share of papers that American mathematician i published in
field f, and let sf be the share of all Soviet papers published in field f be-
fore the collapse of the Soviet Union. The index of similarity ðCutler and
Glaeser 1997Þ for mathematician i is defined by

Di 5 12
1
2 of jaif2sf j: ð10Þ

We calculate the value of the similarity index for every paper written by an
American mathematician. It is easy to show that the value of the index of
similarity for paper n written by mathematician i in field f at time t col-
lapses to

DifnðtÞ5 sf : ð11Þ

In other words, the index of similarity for a particular paper is simply the
value of the Soviet share of the field associated with that paper.
We can use the progression of the index of similarity across papers over

the life cycle to measure the cognitive distance traveled ðin terms of the
Soviet-ness of the research topicÞ between the dissertation paper and paper
n and to determine if this distance was affected by the Soviet supply shock.
In particular, let DinðtÞ 5 DifnðtÞ 2 Dif1ðt0Þ, which is simply the difference
in the share sf between the nth and the first paper in a mathematician’s ca-
reer. We estimated the generic regression model in equation ð9Þ by using
both DinðtÞ and its absolute value |DinðtÞ| as dependent variables and using
the interaction between the post-1992 indicator and the similarity index of
the dissertation paper as the key independent variable. The absolute value
specification, of course,measures the presence of any type ofmobility ðakin
tousing a dummyvariable indicating a cognitivemoveÞ,while the signofDin

reflects the direction of the flow of cognitive movers. Panel A of figure 2
illustrates the trend in the absolute value measure of cognitive distance. It

25 The 31 fields above themedian of af accounted for 86.7% of all pre-1989Amer-
ican publications.

26 The results are unlikely to be an artifact of differential trends in the funding of
fields in mathematics. After all, mathematicians rarely rely on grants to produce
their theorems. Further, Borjas and Doran ð2012, table III, panel DÞ show that the
competitive forces ðwhich provide the incentive for cognitive mobility in the most
affected fieldsÞ were robust to the inclusion of a full set of field-year fixed effects.
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FIG. 2.—Trends in cognitive distance from dissertation, 1978–2009. A, Absolute
value of cognitive distance ðindex of similarityÞ. B, Citation-based cognitive dis-
tance. The sample consists of American mathematicians who first published before
1992. Cognitive distance in panel A is defined as the difference between the average
index of similarity for papers published in year t and the dissertation’s index of
similarity, while in panel B it is defined as the average citation distance between the
papers published in year t and the dissertation. We smooth out the trend by using a
3-year moving average of the measure of cognitive distance centered on the middle
year in the interval.



shows an increase in “distance traveled” after 1992 for mathematicians
who wrote a Soviet-style dissertation. The basic regression specifications
yield27

jDinðtÞj5 di 1 dt 1 :097ðTi $Dif1Þ;
ð:008Þ

ð12Þ

DinðtÞ5 di 1 dt 2 :098ðTi $Dif1Þ:
ð:008Þ

ð13Þ

The positive interaction in equation ð12Þ shows that the cognitive distance
traveled between the dissertation and the nth paper ðin terms of the paper’s
Soviet shareÞ increases after 1992 for mathematicians who wrote a more
Soviet-like dissertation, even after controlling for individual and period
fixed effects. Put differently, Soviet-style mathematicians moved to a more
distant location in idea space after 1992. The negative interaction in equa-
tion ð13Þ reveals the direction of that move: American mathematicians
who wrote a Soviet-style dissertation chose research topics after 1992 that
were less congruent with the Soviet research program.28

The secondmeasure of cognitive distance uses the frequency with which
fields cite each other to create a metric across the 73 fields of mathematics.
Specifically, let cfg be the share of citations made by papers published in
field f to papers published in field g.29 The cognitive distance traveled by a
mathematician when hemoves from publishing a paper in field f to a paper
in field g can then be defined as

Qfg 5
cff 2 cfg

maxgðcff 2 cfgÞ
: ð14Þ

By construction, the index Qfg equals zero when the mathematician “trav-
els” from one paper in field f to another paper in field f and reaches the
upper limit of one when he travels from a paper in field f to a paper in field
g, where g is the field least cited by papers published in field f. Note that
there is an important conceptual difference between the two cognitive dis-

27 The regressions reported in eqq. ð12Þ and ð13Þ include a quartic in years of
experience, and the standard errors are clustered at the individual level.

28 We also estimated fully interacted regression specifications that included the
tenured and rate of output variables. The qualitative impact of these interactions
is identical to that reported in table 4.

29 The citation share cfg is obtained from a 50% sample of the AMS database that
we matched paper by paper with the ISI Web of Science. The ISI Web of Science
includes full information on the list of publications that each paper cited in its ref-
erences section. We calculate this citation share using the sample of papers pub-
lished before 1992.
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tance indices given by D and Q. The former measures distance in terms
of Soviet-ness, while the latter measures distance in terms of intellectual
content.
The median cognitive distance Q between fields f and g ðexcluding all

f5 g pairsÞ is .99. In fact, only the “closest” 2%of “field pairs” have cogni-
tive distances of .75 or lower, implying that almost all mathematical fields
are equally “intellectually far” from each other. In short, the data reveal
that most fields “spend” almost all of their citations on papers published
in a handful of very closely related fields ðand especially in within-field
citationsÞ.
Let QinðtÞ denote the cognitive distance between the nth paper published

by mathematician i at time t and the dissertation paper. Panel B of figure 2
illustrates the effect of the shock on this measure of cognitive distance. It is
evident that there was a post-1992 increase in intellectual “distance trav-
eled” for mathematicians who wrote a Soviet-style dissertation. The basic
regression specification yields30

QinðtÞ5 di 1 dt 1 :043ðTi $ SiÞ:
ð:006Þ

ð15Þ

The positive interaction in ð15Þ shows that the distance traveled increases
significantly after 1992 for mathematicians who wrote a Soviet-like dis-
sertation, even after controlling for individual and period fixed effects. Put
differently, we again find that Soviet-style mathematicians moved to a
more distant location in idea space after 1992.31

Finally, it is important to determine if the cognitive mobility away from
Soviet-style research by American mathematicians was a result of an
immigration-induced supply shock that specifically affected the United
States or reflects a general worldwide trend resulting from an “idea shock”
that affected Soviet-style mathematicians in all countries. As we noted
earlier, nearly 10% of the active mathematics workforce in the Soviet
Union emigrated after 1992.As a result of this influx, the ðquality-adjustedÞ
number of mathematicians in the United States increased by 3.4%, while
the respective increase in supply outside the United States was 2.0%.32

To determine if the differential size of the supply shocks had a relatively
larger effect on the cognitive mobility rate of Soviet-style mathematicians

30 The regression reported in eq. ð15Þ again includes a quartic in years of expe-
rience, and the standard errors are clustered at the individual level.

31 The results are very similar if we measure cognitive distance using an “index
of dissimilarity” constructed from the citation matrix.

32 The percentage increase in supply is weighted by the number of papers pub-
lished by the various mathematicians between 1987 and 1991. The quality-adjusted
measure of the supply shock is far greater than the percentage increase in the num-
ber of active mathematicians: the émigré flow increased the number of mathema-
ticians by only 1.1% in the United States and 0.4% in the rest of the world.
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in the United States, we reestimated the regression model in equation ð9Þ
using a pooled sample composed of American mathematicians and math-
ematicians in the “rest of the world.”33 We then interacted the Soviet dis-
sertation measure with an indicator variable USAi set to unity if math-
ematician i is American. The expanded regression model is given by

pinðtÞ5 di 1 dt 1 vðTi $ SiÞ1 vðTi $ Si $USAiÞ1 Zib1 ε: ð16Þ

Table 5 presents the relevant regression coefficients using our two main
measures of cognitive mobility ðbased on the top 10 Soviet fieldsÞ. It is evi-
dent that there was a higher rate of cognitive mobility away from Soviet-
style research fields in the United States than in the rest of the world.34

V. The Costs of Cognitive Mobility
Cognitivemobilitymay be costly. Amathematicianmay need to acquire

additional technical skills to prove theorems at the new location in idea
space. This process takes time and may lead to a longer “preparation spell”
ði.e., the amount of time that the mathematician spends preparing and
marketing a new publicationÞ. It is easy to document, in fact, that prepa-
ration spells are longer if the spell involves a switch to a new field. The
Soviet supply shock could then potentially increase the costs of cognitive
mobility in two distinct ways. First, it increased the propensity for cog-
nitive mobility among American-style mathematicians. Second, the clus-
tering of large numbers of Soviet mathematicians in specific locations in
idea space could increase the length of the preparation spell for cognitive
movers.
Table 6 summarizes some of the available evidence on the length of

preparation spells for Soviet- and American-style mathematicians, before

33 The sample of preexisting mathematicians in the rest of the world consists of
the residual sample of non-American and non-Soviet mathematicians. Because it is
difficult to establish national origin outside the United States and the Soviet Union
for older mathematicians, we restrict the regression analysis to mathematicians
whose first paper was published after 1960.

34 It is easy to carry out a back-of-the-envelope calculation of the ceteris paribus
impact of the supply shock ðassuming that the “idea shock” affected mathemati-
cians in all countries equallyÞ. In particular, note that there is a 1.4 percentage point
difference in the supply shock between the United States and the rest of the world.
The interaction coefficient reported in the first column of table 5 suggests that this
difference was responsible for a 3.1 percentage point relative increase in the cog-
nitive mobility rate of American mathematicians. Put differently, a supply shock
that increases supply by 1% increases the rate of mobility by 2.2 percentage points
ðor the ratio of 3.11.4Þ. As a result, the 3.4% supply shock experienced by theUnited
States would be predicted to increase the rate of cognitive mobility of Soviet-style
American mathematicians by 7.5 percentage points.
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and after the supply shock.35 We define the duration of a preparation spell
as the length of time elapsed ðin yearsÞ between any two consecutive papers
in a mathematician’s career. As panel A shows, even before the supply
shock, switching fields involved a slightly longer preparation spell. The
preparation spell between two consecutive American-style papers lasted
1 year, as compared to 1.2 years for a move fromAmerican- to Soviet-style
research. Similarly, the preparation spell between two consecutive Soviet-
style papers was 0.8 year, but a move from Soviet-style to American-style
research took 1.1 years.
Panel B shows that one particular type of preparation spell was ex-

tremely sensitive to the Soviet supply shock, namely, the one reporting the
duration of the preparation spell for Soviet-style mathematicians who are
writing their first-ever American-style paper. The duration of this par-
ticular type of preparation spell increased dramatically from 2.3 years in
the preshock period to 5.1 years after the supply shock, or an increase of
2.8 years. In contrast, the supply shock increased the duration of time in-
volved in the preparation of the first-ever Soviet-style paper by 1.2 years
ðfrom 2.2 to 3.4 yearsÞ.
We examine the sensitivity of these findings to controlling for various

characteristics by estimating the regression model

yinðtÞ5 di 1 dt 1 v0ðSi $ FinÞ1 v1ðTi $ SiÞ1 v2ðTi $ Si $ FinÞ
1 k0ðAi $ FinÞ1 k1ðTi $ AiÞ1 k2ðTi $ Ai $ FinÞ1 Zib1 ε;

ð17Þ

35 Since the evidence is robust to the definition of Soviet-style fields, we use the
simplest definition in the remainder of the analysis ðthe 10 fields with the largest
Soviet shares of pre-1989 papersÞ.

Table 5
Relative Impact of the Soviet Supply Shock on American Mathematicians

Dependent Variable

Variable

Paper in a Field
Different from the

Dissertation
ð1Þ

Paper in a Brand-
New Field

ð2Þ

Post-1992 indicator $ Soviet-style dissertation .094 .110
ð.003Þ ð.003Þ

Post-1992 indicator$ Soviet-style dissertation$
American mathematician .031 .021

ð.007Þ ð.007Þ
NOTE.—Standard errors are reported in parentheses and are clustered at the individual level. The sam-

ple consists of mathematicians whose first published paper was before 1992. All regressions include a
vector of individual fixed effects and a quartic control for years of experience. The regression in col. 1 has
1,909,179 observations, and the regression in col. 2 has 869,849 observations. The regression that uses the
“brand-new field” dependent variable excludes all spells after the mathematician first switches to a field
different from the dissertation. The regressions exclude the sample of preexisting Soviet mathematicians
ðboth émigré and nonémigréÞ.
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where yinðtÞ is the duration of the preparation spell that culminated in
mathematician i publishing paper n at time t; Fin is a dummy variable in-
dicating if this particular spell ended with the mathematician publishing a
paper in a brand-newfield ði.e., a field that he had not previously exploredÞ;
andAi 5 12 Si. Note that the regression includes both time and individual
fixed effects.36

The data consist of a panel that includes each preparation spell experi-
enced by every preexistingAmericanmathematician in our sample. Table 7
reports the relevant regression coefficients. Consider initially the simplest
specification reported in column 1, which includes only a quartic in years
of experience in the vector Z. The coefficients of the two-way interactions
between the dissertation’s research style and the indicator of switching to
a new field are essentially identical for American- and Soviet-style math-
ematicians. The three-way interaction with the post-1992 indicator, how-
ever, is much greater for American mathematicians who wrote a Soviet-
style dissertation. The difference between these two coefficients, which is
approximately around a year, indicates that our earlier conclusion based
on the raw data is unaffected by the inclusion of individual and year fixed
effects: Soviet-style mathematicians entering a new field had a substantial
ðrelativeÞ increase in the duration of the preparation spell after the supply
shock.37

36 It is worth noting that the inclusion of individual fixed effects implicitly
controls for very fine differences in mobility rates across mathematical fields. In
particular, it controls for the ease of moving out of the “dissertation” field even
if the dissertation field were defined in terms of one of the 73 fields reported in the
AMS data.

37 The difference is statistically significant, with a t-statistic of 4.62.

Table 6
Summary Statistics on the Duration of Preparation Spells

Spell Ends before 1992 with Spell Ends after 1992 with

American-Style
Paper

Soviet-Style
Paper

American-Style
Paper

Soviet-Style
Paper

A. Spell starts with:
American-style paper .963 1.221 1.156 1.295
Soviet-style paper 1.122 .756 1.294 .770

B. Spell involves transition
to a new field and the
dissertation was:

American-style . . . 2.195 . . . 3.418
Soviet-style 2.289 . . . 5.074 . . .

NOTE.—A preparation spell is defined as the length of time elapsed between a mathematician’s con-
secutive papers ðin yearsÞ. The sample consists of American mathematicians whose first published paper
was before 1992.
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Column 2 of the table shows that this increase is attenuated somewhat
for high-ability mathematicians. As in the last section, we introduce a var-
iable measuring the rate of output for mathematician i prior to the supply
shock. The coefficients reported in the table suggest that the Soviet supply
shock particularly lengthened the duration of the preparation spell for low-
quality Soviet-style mathematicians moving to an entirely new location in
idea space after 1992.
In sum, not only is there a strong positive correlation between the

duration of the preparation spell and the propensity to enter a newfield, but
the correlation increased markedly after the supply shock. This observed
increase is consistent with two causal scenarios: ð1Þ the supply shock made
it relativelymore difficult for Soviet-stylemathematicians toproduce ðand/
or sellÞ output, creating a longer down time in between publications and
spurring some of them to seek a new location in idea space; or ð2Þ the sup-

Table 7
Impact of the Soviet Supply Shock on the Duration of Preparation Spells

Specification

Independent Variable ð1Þ ð2Þ

Soviet-style dissertation $ new field at end of spell .790 .194
ð.054Þ ð.086Þ

Soviet-style dissertation $ new field at end of spell $
post-1992 indicator 1.340 2.852

ð.162Þ ð.285Þ
Soviet-style dissertation $ new field at end of spell $

post-1992 indicator $ tenured as of 1992 . . . .365
ð.500Þ

Rate of output . . . 21.341
ð.227Þ

American-style dissertation $ new field at end of spell .738 .398
ð.045Þ ð.082Þ

American-style dissertation $ new field at end of spell $
post-1992 indicator .454 1.368

ð.104Þ ð.187Þ
American-style dissertation $ new field at end of spell $

post-1992 indicator $ tenured as of 1992 . . . .103
ð.244Þ

Rate of output . . . 2.807
ð.123Þ

NOTE.—Standard errors are reported in parentheses and are clustered at the individual level. The sample
consists of mathematicians whose first published paper was before 1992. The regressions have 525,944
observations. The “new field at end of spell” variable is set to unity if the spell concluded with the math-
ematician publishing a paper in a field in which he had never published before; the “tenured as of 1992”
variable indicates whether the mathematician had at least 10 years of experience as of 1992; and the “rate
of output” variable gives the annual number of papers published by the mathematician between the year of
entry and 1991. All regressions include the mathematician’s experience ðdefined as a fourth-order poly-
nomialÞ, a vector of individual fixed effects, and a vector of year fixed effects. The regressions also include
all relevant smaller-order interactions between the tenured and rate of output variables and the disserta-
tion style indicator, the new field indicator, and the post-1992 indicator.
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ply shock induced Soviet-style mathematicians to cognitively move, and
the subsequent retooling implies that it took them longer to prove their
first theorems in their new location in idea space. Under the first scenario,
cognitive mobility does not cause time lags but is rather caused by them.
Under the second scenario, the causation is reversed. The natural experi-
ment we exploit in this article is not designed to distinguish these causal
chains from each other. Nevertheless, the data reveal an important cor-
relation that will likely play a role in future attempts to understand the
nature of the costs of cognitive mobility.
Finally, it is worth returning to an important question regarding the

selection of cognitive movers: Why did the best Soviet-style mathemati-
cians exhibit the lowest mobility rates in response to the Soviet supply
shock? As we noted earlier, this correlation can be explained in two ways:
the best mathematicians benefited the most from the positive spillovers
generated by the expansion in the stock of mathematical ideas and/or the
best mathematicians had the highest cognitive mobility costs. The results
presented in this section, however, strongly suggest that the best Soviet-
style mathematicians, in fact, faced relatively lower cognitive mobility costs.
As a result, the evidence implies that the beneficial human capital spillovers
resulting from the Soviet supply shock most likely accrued to the subsam-
ple of the most productive American mathematicians and that these spill-
overs effectively neutralized the adverse competitive effects in this produc-
tive group.

VI. Field Choices of New Cohorts

Up to this point, we have examined the cognitive mobility response
among “preexisting” American mathematicians to the economic forces un-
leashed by the collapse of the Soviet Union. The empirical evidence un-
ambiguously suggests that the competitive pressures arising from a new
abundance of Soviet-type mathematicians led many preexisting mathema-
ticians to switch away from those fields.
Obviously, the same economic forces will likely influence field choices

for new entrants into the American mathematics market.38 Graduate stu-
dents, as they prepare their dissertation and invest in the skills required to
become specialists in their chosen fields, will inevitably consider the long-
term value of the various options available and will make a decision based
not only on the suitability of thematch between their specific skills and the
technical requirements of particular fields but also on the marketability of

38 In fact, the AMS’s 1991–92 Academic Hiring Survey reported that the very
high unemployment rate of newmathematics doctorates at the time was partly due
to the fact that “citizens of Eastern European countries and the former Soviet
Union” accounted for 13% of all newly-hired faculty” ðMcClure 1992, 755Þ.
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research in specific fields. The trend in the number of new mathematicians
choosing to specialize in Soviet fields would then provide independent
evidence on the relative importance of competitive versus spillover effects.
Fewer new American mathematicians will choose to produce a Soviet-
style dissertation if competitive forces dominate, while many more new
mathematicians would produce Soviet-style dissertations if the produc-
tivity gains resulting from the Soviet supply shock are substantial.
We illustrate the nature of these “cohort effects” by examining the field

choice of the first paper published by each mathematician. As before, we
call this field choice the dissertation field.39 In order to control for the
effect of worldwide fads and knowledge developments, we use a control
group of mathematicians in the “rest of the world”—the mathematical
community outside the United States and the ðformerÞ Soviet Union. Re-
call that the Soviet supply shock increased the quality-adjusted number of
mathematicians in the United States by 3.4%, while the respective increase
in supply outside the United States was only 2.0%.
Figure 3 illustrates the trend in the cohort effects among mathemati-

cians who first published between 1978 and 2009. The fraction of Amer-
ican and non-American dissertations in Soviet-style fields was relatively
stable from 1978 through the late 1980s. In 1978, for example, 32.3% of
American dissertations were in Soviet-style fields; by 1989, the respective
fraction was 32.7%. Beginning around 1990, however, the relative number
of Soviet-style dissertations produced by new American mathematicians be-
gan to decline, and this decline continued steadily through 2007. In 2007, for
example, only about 22% of the dissertations produced by new American
mathematicians were in Soviet-related fields.
To determine if the differential size of the supply shocks had a relatively

larger effect on the dissertation field choices of students in the United States,
table 8 reports a regression analysis showing the magnitude of the cohort
effects in the United States relative to those observed in the control group.
The sample consists of all dissertations written by American mathemati-
cians and by the control group. The dependent variable is an index of the
Soviet-ness of a particular dissertation. It is evident that new entrants in
the American mathematics market wrote many fewer Soviet-style dis-
sertations after 1992 than mathematicians in the rest of the world. In par-
ticular, the fraction of American dissertations published after 1992 in
Soviet-style topics declined by 5.5% relative to those published abroad.
Finally, column 2 of table 8 examines an interesting aspect of the decline

in the fraction of American dissertations written in Soviet-style topics. As
we have seen repeatedly, the competitive effects induced by the Soviet in-

39 We replicated the analysis presented in this section using alternative defini-
tions of the “first” field choice, including papers published in the first year, in the
first 5 years, or in the first 10 years, and the cohort trends are quite similar.
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flux tend to be attenuated for “high-ability” mathematicians. It would
be of interest to determine if a person’s innate productivity also influences
the field choice made at the dissertation stage and attenuates the cohort
effects documented in this section.
We do not have any socioeconomic background variables that may hint

at the person’s overall quality at the time of the dissertation. However, a
select group of American mathematicians ðabout 16.7%Þ entered the labor
market with a “splash.” In particular, they published more than one pa-
per in their entry year. We define an indicator variable set to unity if the
mathematician made a high-volume entry into the mathematics profes-
sion and estimate a regression model to determine if the cohort effects are
similar among these prolific publishers. As the regressions show, the pro-
lific Americanmathematicians were around 4.5%more likely to produce a
Soviet-style dissertation prior to 1992, and this gap actually increased by
an additional 2.3 percentage points after 1992.40 As with our earlier results,

40 The effect, however, is only marginally significant in the regression that uses
the probability that the dissertation was in a Soviet-style field as a dependent vari-

FIG. 3.—Trends in field of dissertation across cohorts, 1978–2009. The sample
consists of all mathematicians who first published between 1978 and 2009 and uses
the subject classification of the first published paper to measure the likelihood
that the dissertation was in a Soviet-style field. We smooth out the trend by using a
3-year moving average centered on the middle year in the interval. The “rest of the
world” does not include mathematicians in the Soviet Union ðbefore 1992Þ or in the
territories encompassed by the former Soviet Union ðafter 1992Þ.
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it seems that high-quality mathematicians are particularly prone to benefit
from human capital spillovers, and these benefits influenced the choice of
dissertation field for this select group after 1992.41

We conclude the empirical analysis by illustrating the relative impact—
along all margins—of the Soviet supply shock on the composition of
research topics pursued by the American mathematics community. In par-
ticular, figure 4 illustrates the trends in the fraction of “active” mathema-
ticians ði.e., mathematicians who published at least one paper during the
specific yearÞ who wrote a Soviet-style paper between 1971 and 2009.42 It

able. We also knowwhich university awarded the mathematician’s doctoral degree
for about half of the American sample. We estimated some specifications that in-
cluded a school quality variable, but the results were not robust likely because of
the sample selection.

Table 8
Impact of the Soviet Supply Shock on Dissertation Field of Successive Cohorts

Comparison Group

Variable
Rest of the World

ð1Þ
Americans Only

ð2Þ

A. Soviet-style dissertation:
American mathematician 2.006 . . .

ð.005Þ
American mathematician $ post-1992 indicator 2.055 . . .

ð.006Þ
Prolific mathematician . . . .045

ð.011Þ
Prolific mathematician $ post-1992 indicator . . . .023

ð.015Þ
B. Similarity index of dissertation ð$ 10Þ:

American mathematician 2.010 . . .
ð.002Þ

American mathematician $ post-1992 indicator 2.027 . . .
ð.004Þ

Prolific mathematician . . . .035
ð.006Þ

Prolific mathematician $ post-1992 indicator . . . .017
ð.007Þ

NOTE.—Standard errors reported in parentheses and are clustered by year of entry. The regressions use
the sample of mathematicians whose first publication was between 1978 and 2009. The dependent variable
in panel A is a dummy variable indicating if themathematician’s dissertation was in a Soviet field, while the
dependent variable in panel B is the similarity index associated with the mathematician’s dissertation. The
dummy variable indicating if the mathematician is “prolific” is set to unity if the mathematician published
more than one paper in the year he entered the mathematics community. The regressions have 391,408
in col. 1 and 64,290 observations in col. 2. All regressions include a vector of year-of-entry fixed effects.

42 The “active” mathematicians in the post-1992 period either in the United
States or in the rest of the world do not include the Soviet émigrés.

41 Note that the initial field choice at the dissertation stage is not influenced by
themobility costs that must be incurredwhenmoving from one location to another
in the space of ideas.
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is evident that there was little difference in the relative number of Soviet-
style mathematicians in the United States and in the rest of the world prior
to 1990, but the two communities diverged significantly after the differen-
tial supply shock resulting from the collapse of the Soviet Union affected
the respective mathematical communities.

VII. Summary
Economists have found that geographicmobility, occupationalmobility,

and job mobility are all important mechanisms that the labor market uses
to adapt to supply and demand shocks. This article introduces the notion
of cognitive mobility as a key equilibrating mechanism in the market for
knowledge production.
We examined empirically the labor supply shock that occurred in the

space of mathematical ideas in the United States after the collapse of Soviet
communism. Our analysis exploits the fact that the influx of Soviet math-
ematicians into the American mathematics community was clustered in a
relatively small number of fields. The unbalanced nature of the supply

FIG. 4.—Mathematicians publishing in Soviet-style fields, 1978–2009. The sam-
ple consists of all mathematicians who published at least one paper during the year
and excludes the sample of Soviet émigrés. The “rest of the world” does not include
mathematicians in the Soviet Union ðbefore 1992Þ or in the territories encompassed
by the former Soviet Union ðafter 1992Þ. We smooth out the trend by using a 3-year
moving average centered on the middle year in the interval.
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shock across locations in idea space allows us to observe the flows of cog-
nitive mobility unleashed by the changed economic opportunities result-
ing from the supply shock.
We constructed several empirical measures of cognitive mobility. Re-

gardless of the measure, we document that the diminishing returns to
specific research areas resulting from the increase in supply dominated the
cognitive mobility decisions of preexisting knowledge producers. This
finding extends to new cohorts of mathematicians who entered the mar-
ketplace after the Soviet supply shock. The new cohorts increasingly chose
dissertation topics that had experienced a relatively small increase in sup-
ply from the Soviet émigrés. In general, therefore, the evidence is clear: the
Soviet supply shock led to cognitive mobility flows that drove American
mathematicians away from those locations in idea space that received large
numbers of Soviet émigrés.
Our analysis also begins to shed light into the black box of the cognitive

mobility decision by delineating some of its determinants.We consistently
observe that high-ability Soviet-style mathematicians were less likely to
move to a different location in the space of ideas in response to the Soviet
supply shock. This evidence suggests that high-abilitymathematicians have
either higher costs of movement or more positive net spillovers to inter-
action with other knowledge producers. Since high-ability mathematicians
have shorter preparation spells and a smaller increase in the length of those
spells as a result of the supply shock, the evidence is most consistent with the
conjecture that high-ability mathematicians are the main beneficiaries of the
positive spillovers.
Although our study addresses a central issue in the debate over the costs

and benefits of high-skill immigration, it is difficult to draw straightforward
policy implications from the evidence.Many of the potential gains fromhigh-
skill immigration likely arise because of the human capital externalities that
high-skill immigrants can impart on the preexisting native-born workforce.
Even though the vast majority of preexisting American mathematicians did
not benefit directly from the presence of their Soviet competitors, it may be
the case that a small number of high-ability American mathematicians did.
We do not yet knowhow to contrast themagnitude of the gains that accrued
to a small number of American mathematicians with the losses suffered by
the bulk of the preexisting workforce. In fact, even those American mathe-
maticians who “voted with their minds” and moved to non-Soviet research
areas may have fertilized their new neighborhoods in ways that are not yet
detectable or measurable. Further, even though the volume and direction of
cognitivemobilityflowsmayhave beenprivately optimal, theymaynot have
been the outcomes chosen by a social planner: knowledge producers ignore
their own external effects when they make their cognitive mobility decision.
It is also important to emphasize that our analysis focuses on the

knowledge production function in a very specific marketplace: academia.
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There are a number of institutional features ðe.g., tenure and relatively
inelastic demandÞ that greatly constrain the nature of the potential gains
from supply shocks in the academic marketplace. It is not hard to imagine
that the same supply shock might have had very different productivity
repercussions had it taken place in a competitive labor market.
In sum, although the study of the determinants and consequences of

cognitive mobility is in its infancy, the evidence reported in this article
demonstrates that the flow of knowledge that an economy can produce
depends intimately on the decisions of knowledge workers to change their
location in the space of ideas. We suspect that further study of the process
of cognitive mobility will lead to a greater understanding of knowledge
spillovers, the knowledge production function, and the long-term impact
of high-skill immigration on economic growth.
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