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Abstract

Based on the entire population of Nobel laureates in science from 1901 to 2017, we show
that North America’s rise as global power in science started in the 1920s. Following a transi-
tion period (1940s to 1960s), its scientific hegemony was consolidated in the 1970s. Yet
since the 2000s, North America’s global leadership in science has come under pressure. In
that time, its share of laureates across disciplines dropped, although it has retained its
attractiveness as a destination for future laureates from Europe and the Asia-Pacific region.
In addition, we find that North America has become apparently less effective since 2010 in
transferring capacities for conducting ground-breaking research from one generation of sci-
entists to another. Furthermore, both Europe and the Asia-Pacific region have similarly high
shares of newcomer organizations with regard to where prize-winning work is conducted,
indicating that these two regions are very active in the inter-organizational competition for
scientific talent. Despite this competition, however, we find no support for the rise of a new
global center of science.

1. Introduction

The Nobel prizes in Physiology or Medicine, Physics, and Chemistry have attracted continued
attention from the history of science and quantitative science and innovation perspectives.
The former has predominantly focused on the social process shaping candidate selection, elu-
cidating case by case the roles of the Nobel committees, Nobel Foundation, Royal Swedish
Academy of Sciences, and Karolinska Institute [1-4]. The latter studies, in contrast, have
examined the Nobel population with respect to more general attributes, including achievement
age [5, 6], time lag between prize-winning work and awarding of the prize [7, 8], distribution
of major science awards and collaboration networks in the years before and after each Nobel
award [9-11], and distribution of laureate careers across universities and other research orga-
nizations [12]. These studies found that the mean age at which future laureates conducted
their prize-winning research increased by about 10 years during the 20™ century, with prize-
winning research before age 40 years becoming more and more rare [5]. They also found that
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the average waiting time has grown from 10 years in the 1920s to about 25 years in the 2000s.
For this reason, these authors warned that “the prizewinners’ predicted average age for receiv-
ing the award is likely to exceed his or her projected life expectancy” [8]. Also, future laureates
accumulate many other science awards before receiving the Nobel Prize, with theoreticians
accruing more awards than experimentalists [9, 10]. Nobel laureates also had more collabora-
tion partners before than after the award [11] and were “more equally distributed among the
institutions where the prize-winning work was done and the Nobel Prize awarded than among
the institutions where the Ph.D./M.D. was obtained” [12].

Several recent studies have addressed the bibliometric characterization of Nobel laureates.
These investigations have revealed spillover effects for recipients in that “groundbreaking dis-
coveries of Nobel Prize Laureates (. . .) also boost the citation rates of their previous publica-
tions” [13] and that the “average citation frequencies of landmark papers on new theories are
far higher than those for an experimental method or for an invention” [14]. In cross-national
comparisons, bibliometric indicators, such as the “numbers of publications, citations, and top
1 percent most-cited publications, correlate with the number of Nobel Prize achievements in
several advanced countries,” leading to the conclusion that “Nobel Prize achievements can be
used to validate bibliometric indicators” [15].

This paper contributes to a debated yet understudied topic: North America’s global leader-
ship in science. First, there is some disagreement about when North America, and especially
the United States, became the global center of science during the 20™ century. Some argue that
research-intensive North American universities became globally competitive in the 1920s [16—
18]. Others locate the shift after the Second World War, however, pointing to the considerable
emigration of eminent European scientists after 1933 and the unprecedented growth of gov-
ernment-sponsored “Big Science” [19, 20]. Second, the enormous growth of scientific research
in Asia since the 1990s, especially in China, has sparked discussions about the impending
decline of North American hegemony in science [21-23].

This paper studies the changing global distribution of Nobel science laureates (n = 599)
over 117 years, distinguishing three world regions: Asia-Pacific, Europe, and North America.
We identify when global leadership in science shifted from Europe to North America and
when the latter started to lose some of its global share, an indication of growing global compe-
tition at the beginning of the 21% century. In this context, we examine institutional factors
associated with North America’s scientific strength and more generally with dynamic science
systems at the scale of world regions. Finally, we put our own results in perspective, using
recent bibliometric evidence from comparative cross-national studies [24-27].

2. Material and methods
2.1. Materials

We compiled a dataset for all Nobel laureates who received the Nobel Prize in Physiology or
Medicine, Physics, or Chemistry from 1901 to 2017 (n = 599). The primary source for our data
compilation was the Nobel Foundation’s website, www.nobelprize.org. We collected data on:
(a) the year, organization, and country of both the first and the highest academic degrees
(HDs), the latter typically being either a medical doctor (M.D.) or a doctor of Philosophy (Ph.
D.); (b) the year, organization, and country of where each laureate’s prize-winning work
(PWR) was performed; (c) the year, organization, and country where the laureate worked
when awarded the Nobel Prize (designated from here as NP); (d) whether the laureate had a
Nobel mentor while a graduate student, postdoctoral researcher, or junior collaborator or dur-
ing extended research sabbaticals (S1 Table); and (e) year of birth.
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Regarding (a), we constructed highest academic degree variables that contain M.D. or Ph.
D. information (n = 563); for those without the M.D. or Ph.D. (or equivalent), we used infor-
mation from bachelor’s and master’s level degrees (n = 36). Regarding (b), we built our vari-
ables using publicly available data from [5]; these data were double-checked and extended for
2009-2017. Regarding (d), our definition of master-apprentice relations (S1 Table) extends
available approaches in the literature. For example, [20] does not include extended research
sabbaticals, whereas [28] includes Ph.D.-related apprenticeship only.

In cases where the Nobel Foundation’s website data were insufficient, we consulted other
sources, including (in alphabetical order): American Association of Immunologists, American
Chemical Society, American Institute of Physics, American National Biography, Encyclopedia
Britannica, Howard Hughes Medical Institute, Leopoldina, Munzinger, National Academy of
Sciences, Notable Names Database, and Royal Society. In addition, other printed sources were
used [16, 29-33]. Finally, we also accessed dozens of university websites (not documented
here).

Several organizations that existed in the 19" and the 20™ centuries are now either closed
or merged with other entities. In these cases, we applied the following two rules: (a) for organi-
zations that were closed, we used the last available name (e.g., the last available name for the
former Kaiser Wilhelm Institute for Cell Physiology was Max Planck Institute for Cell Physiol-
ogy, which closed in 1972); and (b) for organizations that were merged with other entities, we
used the organization that still exists (e.g., Owens College, founded in 1846, was merged with
Manchester University).

2.2. Methods

We delineated three world regions: (1) Europe, including all 28 current European member
states plus Norway and Switzerland; (2) North America, including Canada and the United
States; and (3) Asia-Pacific, including Australia, China, India, Japan, Indonesia, and New Zea-
land. No country other than these six from the Asia-Pacific region has contributed to the
Nobel population. For these three world regions, we determined the absolute and relative fre-
quencies of Nobel laureates for the three career events (HD, PWR, NP). Hence, the distribu-
tions in all three career events, including HD and PWR, are mapped onto time periods defined
by NP. The three regions are defined by the university or research organization in which HD,
PWR, or NP occurred. Three countries are not covered by our regional delineation: Argentina,
Israel, and Russia. However, their combined contribution to the Nobel population is very
small: HD (3.2%), PWR (3.2%), and NP (2.8%). We also measured migration between regions
across career events.

Then, we measured the number of master-apprentice relations for Europe and North
America, first using consecutive 10-year NP periods, and second based on consecutive 10-year
apprenticeship periods. If master laureates had not been apprentices themselves, they were
positioned in their own HD period (S1-S6 Figs). Underlined names are mentors from outside
the respective region. Because Nobel research often cuts across disciplinary boundaries [34,
35], we included cross-disciplinary master-apprentice relations (S1-S6 Figs).

We also measured the number of universities and research organizations hosting laureates
for the first time (“newcomers”) across the three career events (HD, PWR, NP) for consecutive
10-year periods. In contrast to [36], who examined all occupational changes among laureates
who had finished their academic careers, we focused on inter-organizational mobility that
involved the three targeted significant career events (HD, PWR, NP). Our mobility measures
are the sums of laureate moves from HD to PWR and/or from PWR to NP, respectively. The
number of laureates across universities and research organizations had a skewed distribution
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in which few entities with many laureates were followed by a long tail of institutions having
only a few laureates (S7 Fig).

Furthermore, we conducted an ordinary least squares (OLS) regression analysis on the total
number of Nobel Prizes as a dependent variable, measured during the HD, PWR, and NP peri-
ods. For pragmatic reasons, we chose 5-year time windows; thus, observations for 22 periods
were available. Because our variables are count variables, we also tested the robustness of the
OLS regressions by using negative binomial regression models [37]. We performed all analyses
using the freeware software packages R and Python.

3. Empirical results

We examined global scientific leadership in two ways. First, we measured the number of
Nobel laureates across the three regions and across the three significant career events. Fig 1 is
based on observations in consecutive 10-year periods, defined by NP. For example, observa-
tions in HD and PWR in 1931-1940 tell us where laureates who received the NP in that period
had obtained their highest degree and conducted their prize-winning work.

We found four somewhat overlapping historical periods that characterize the shifting bal-
ance between the three world regions. In the first period, North America started to displace
Europe as a stronghold of the Nobel population. This double decline/catch-up period lasted
about 30 years (1920s to the 1940s) for PWR and the award of the NP, but about 40 years
(1920s to 1950s) with regard to the education of future Nobel laureates (HD). The second
period (1940s to 1960s) shows a transition, at the end of which North America had super-
seded Europe in all three career events (HD, PWR, NP). Similar to the first period, the transi-
tion to North American hegemony lasted about 30 years, ending in the 1960s for PWR and
the award of the NP, whereas the transition took longer with regard to the education of
future Nobel laureates (HD). Thus, the education of Nobel laureates remained a European
stronghold longer than the particular work environments that ultimately led to the NP
award.

The third period (1970s to 1990s) represents North American hegemony, when universities
and other research organizations in North America educated up to 60 percent (HD) of all lau-
reates and provided the work environment where roughly 75 percent of all laureates con-
ducted their PWR and received the NP. North America’s shares started to decline in the 2000s,
dropping to 48 percent (HD), 47 percent (PWR), and 58 percent (NP) in the 2010s. At the
same time, Europe’s shares consolidated at 37 percent (HD), 36 percent (PWR), and 26 per-
cent (NP), and Asia-Pacific’s shares grew considerably, reaching 15 percent (HD), 17 percent
(PWR), and 15 percent (NP). However, contradicting speculations about China as a rising
global science center, this growth resulted almost entirely from Japan. Hence, the fourth period
(2000s and onwards) shows three developments: a relative North American decline, a moder-
ate European rebound, and an Asia-Pacific catch-up. Compared to the North American catch-
up (1920s-1950s), the more recent Asia-Pacific catch-up seems less pronounced. In this regard,
one should consider the much stronger European hegemony in the early 20™ century com-
pared to North America’s at the end of the 20 century (Fig 1).

North America’s scientific strength is also reflected in patterns of inter-regional migration
of scientists. Empirical studies have shown that North America not only imported academic
talent during the transition period (1940s to 1960s) but also continued to do so during its
hegemonic period (1970s to 1990s) [38] and later, in the post-hegemonic period (2000s and
onwards) [39]. Hence, like its “trade deficit” in the world of commerce [40-42], North Amer-
ica has a “mobility deficit” in science, meaning that more foreign scientists are imported to
(than exported from) North America [43]. The mobility to North America is typically
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Fig 1. Global distribution of Nobel laureates. The relative frequencies of Nobel laureates across the three world regions, based on three career events (HD, PWR,
NP). All observations refer to consecutive 10-year NP periods. Therefore, distributions in HD and PWR also are mapped onto NP periods. Lines are smoothened,
using 3-period moving averages. The final period of 2000-2017 is weighted and thus comparable to earlier 10-year periods. Data from S2 Table are used.

https://doi.org/10.1371/journal.pone.0213916.g001

motivated by improved opportunities for increased productivity and/or scientific impact [44,
45] and by career advancement [46].

Based on these findings, we examined first the extent to which (future) laureates from
Europe and the Asia-Pacific region moved to North America over time and vice versa. Fig 2

shows both the observed frequencies and the ratios of observed to expected frequencies. We

found that during its hegemonic period (1970s to 1990s), North America attracted on average
about 11 laureates every 10 years from Europe and the Asia-Pacific region, which is more than
during the transition period (about 7 laureates). However, during the hegemonic period, there
already was an increase in the absolute numbers of laureates leaving North America for Europe
or Asia-Pacific. The net migration effect for North America remained approximately constant

over the hegemonic and the post-hegemonic periods, when North America still attracted
around 12 laureates per decade (S3 Table). The comparison with expected frequencies, based
on random sampling, supports this interpretation of a continued attractiveness of the North
American science system (Fig 2).
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Second, we identified all (future) Nobel laureates who had established master-apprentice
relations with other laureates, typically before the laureate masters were awarded the NP. The
apprentice laureates either studied as graduate students or worked with the masters as post-
doctoral researchers or junior collaborators or during extended research sabbaticals (S1
Table). These relations are relevant because they indicate effective transfer of the ability to con-
duct ground-breaking research from one generation of scientists to another. Such capabilities
are an important element of global leadership in science ([20] pp. 96-143).

If all three disciplines are considered together, Europe held the majority of master—appren-
tice relations until the 1970s (Fig 3). Yet, in accordance with the findings displayed in Fig 1,
Europe’s share already had declined in the 1930s, during the catch-up period in which North
America started to displace Europe as leading scientific region. A more fine-grained view
shows that during the second historical period (transition to North American hegemony,
1940s to 1960s), transatlantic master—apprentice pairs were particularly frequent (S1-S6 Figs).
During its hegemony (1970s to 1990s), North America continued to accumulate laureate
apprentices, reaching its highest level in the 1990s (68%). Then, in the fourth period, North
America’s share of apprentice—master relations plummeted, reaching 42 percent in the 2010s.
At the same time, Europe consolidated (37%) and the Asia-Pacific region increased (16%)
their respective shares. With regard to the most recent period, the absolute decline of master-
apprenticeship relations (S4 Table) should be interpreted with caution because data on future
laureates are not complete given the time lag between PWR and NP (S1-S6 Figs).

Taken together, these descriptive results suggest that North America’s rise as global power
in science started in the 1920s and that its leadership position was consolidated in the 1970s.
North America’s hegemony in science lasted about 30 years (1970s to 1990s), preceded by a
transition period in which it superseded Europe (1940s to 1960s). Yet, beginning in the 2000s,
we identified a period of increasing global competition. First, North America’s global share of
laureates dropped significantly, across both the three major career events (HD, PWR, NP) and
the three disciplines (Physics, Chemistry, and Physiology or Medicine). Second and related,
the continuity among consecutive generations of prize-winning scientists in North America
seems to have weakened. In the 2010s —and thus for the first time since the 1960s ~Europe and
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https://doi.org/10.1371/journal.pone.0213916.g003

the Asia-Pacific region together might have more laureate apprentices than North America,
but this observation depends on the award of future NPs.
Our descriptive findings are further elaborated by a regression analysis on North America
(S5 Table). The result shows that the number of master—-apprentice relations explains more
than 80 percent of the variation in the number of NPs across the three career states (HD+PWR
+NP). Most interestingly, the relationship between both variables follows an inverted U-shape,
as shown by the negative coefficient of the squared term. Thus, although an increase in mas-
ter—apprentice relations increases the number of NPs across the three career events in a given

time (here: 5-year periods) to a certain threshold (here: about 22), it starts to decrease for all

n>22 (Model 2).

We also controlled for the transition period (1940s to 1960s) and/or the hegemonic period

(1970s to 1990s), but even though the directions of these variables were plausible, none of

them was statistically significant (Models 3, 4). Furthermore, we tested the robustness of our

models by including a modified NP variable (PWR+NP), and by using negative binomial
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instead of OLS models. The results remained stable (and are available upon request to the first
author). Finally, conducting the same analysis for Europe did not yield meaningful results.

North America’s strength in science has often been attributed to the organizational design
of its research universities, most notably the combination of collegial academic departments,
research-oriented graduate schools, and strategic leadership of university presidents [17, 47,
48]. In addition, comparative analyses have shown that North American universities com-
pete more actively for scientific talent [17, 18] and thus adopt scientific innovations faster
than European institutions [49, 50]. Taking up the latter argument, we probed whether the
level of competition among universities and research organizations has changed over time.
As a measure, we examined the share of “newcomers” entering the inter-organizational com-
petition for scientific talent: research organizations hosting laureates for the first time in
either of the three career events (HD, PWR, NP). The share of newcomer organizations indi-
cates the degree of organizational renewal (versus organizational inertia) within the Nobel
population.

Fig 4 shows that, if all three career stages combined are considered, there is a general
trend of decreasing shares of newcomer organizations across the three regions over the entire
observation period (1901-2017). Two findings are noteworthy in this regard. First, the share
of newcomer organizations across all career events combined is significantly higher in North
America compared to Europe not only during the catch-up period (1920s to 1940s) but also
during the hegemonic period (1970s to 1990s). This finding might point to differential
patterns in the expansion of higher education between both regions (Fig 4). Second, the
decrease in newcomer organizations is less pronounced for PWR compared to HD and NP.
All three regions converge towards a relatively high level of newcomer organizations for
PWR towards the end of the observation period (40%-50%, Fig 4), and this organizational
dynamic has persisted in both North America and Europe during the hegemonic and post-
hegemonic periods. We conclude from this finding that regarding the organizational context
in which prize-winning research is conducted, the three world regions are clearly competi-
tors for scientific leadership.

4. Discussion

Our results based on the Nobel population can be summarized in three points. First, North
America’s rise as a global power in science started in the 1920s. Following a transition period
(1940s to 1960s), its leadership position began in the 1970s and lasted about 30 years (1970s to
1990s). Yet, in the 2000s, North America’s hegemony started to be challenged again by more
inter-regional competition: its global share of laureates dropped, across the three major career
events (HD, PWR, NP) and across the three disciplines (Physics, Chemistry, and Physiology or
Medicine). While inter-regional migration of future laureates is no longer a one-way road,
North America has remained the most attractive destination. Second, although North America
was effective in transferring capacities for conducting ground-breaking research from one gen-
eration of scientists to another for a long time (via master-apprentice relations), Europe and
the Asia-Pacific region seem to be catching up. Third, North America’s scientific hegemony
has often been attributed to the organizational design of its research universities, which com-
pete more actively for scientific talent and adopt scientific innovations faster than universities
and research institutions in Europe (and elsewhere). Taking newcomer organizations as an
indicator for organizational renewal, we found that both Europe and North America are more
dynamic in the organizational context in which prize-winning research is conducted. New-
comers are less important among the set of universities and research organizations where
future laureates either receive their Ph.D. and/or their NP.
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Fig 4. Newcomer organizations across world regions. The relative frequency of organizations hosting Nobel laureates for the first time (“newcomers”) across
the three career events (HD, PWR, NP) in consecutive 10-year NP periods, using 3-period moving averages. Lines for Asia-Pacific start in 2001, when the total
number of organizations was >5. The final period of 2000-2017 is weighted and thus comparable to earlier 10-year periods. Data from S6 Table are used.

https://doi.org/10.1371/journal.pone.0213916.9004

Our results on the Nobel population are broadly corroborated by recent bibliometric com-
parisons that show a declining citation impact gap between North America and other world
regions since the 2000s [27, 51, 52]. In particular, several cross-country bibliometric compari-
sons show that while North America was in the lead until the early 2000s [26], its share among
both the 1 percent and the 10 percent most highly cited publications has declined since the
mid-2000s. In the meantime, countries from Europe and the Asia-Pacific region have
increased their shares, respectively [24, 25, 27]. Therefore, our analysis complements existing
bibliometric cross-country and cross-regional comparisons.

Future research should focus on the social process of how Nobel laureates are chosen from
a quantitative perspective, including the roles of the Nobel committees, Nobel Foundation,
Royal Swedish Academy of Sciences, and Karolinska Institute, and of research institutions and
nominators outside Scandinavia. In that regard, it is important to understand that the Nobel
Archives are closed for 50 years after the award. Therefore, future research should consider the
so-called “Nomination Database” that the Nobel Foundation recently made available. This
archive contains all nominees and nominators in Chemistry, Physics, and Physiology or Medi-
cine for the years 1901-1966.
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Another line of future inquiry could focus on systematic cross-regional comparisons based
on archival data on R&D expenditure and the scientific work force at the national and/or
regional level. These data should include measures such as number of inhabitants, number of
employed scientists, gross domestic product, or patent applications and citations. The current
analysis, like earlier comparisons, builds on both absolute and relative measures of scientific
performance without reference to the national and/or regional investments in science and
technology. It would be interesting to know whether and to what extent the overall picture, as
shown here (and in other bibliometric comparisons), would change if such measures were to
be taken into account.

Supporting information

S1 Fig. Master-apprentice relations in Physics (Europe). Master—apprentice relations
among Nobel laureates in Physics (Europe). Underlined names are from other regions.
(EPS)

S2 Fig. Master-apprentice relations in Physics (North America). Master—apprentice rela-
tions among Nobel laureates Physics (North America). Underlined names are from other
regions.

(EPS)

S3 Fig. Master-apprentice relations in Chemistry (Europe). Master—apprentice relations
among Nobel laureates in Chemistry (Europe). Underlined names are from other regions.
(EPS)

S4 Fig. Master-apprentice relations in Chemistry (North America). Master—apprentice rela-
tions among Nobel laureates in Chemistry (North America). Underlined names are from
other regions.

(EPS)

S5 Fig. Master-apprentice relations in Physiology or Medicine (Europe). Master-appren-
tice relations among Nobel laureates in Physiology or Medicine (Europe). Underlined names
are from other regions.

(EPS)

S6 Fig. Master-apprentice relations in Physiology or Medicine (North America). Master-
apprentice relations among Nobel laureates in Physiology or Medicine (North America).
Underlined names are from other regions.

(EPS)

S7 Fig. Distribution of Nobel laureates across universities and research organizations. The
distribution of Nobel laureates across universities and research organizations for the three
career events (HD, PWR, NP), 1901-2017. Y-axis shows the number of Nobel laureates, and x-
axis shows the number of universities and research organizations with at least one entry in
either HD, PWR, or NP. For better graphical layout (shorter x-axis), three outlier values are
not displayed: 67 organizations each have 1 HD entry, 132 organizations each have 1 NWR
entry, and 128 organizations each have 1 NP entry.

(EPS)

S1 Table. Types of master-apprentice relations. Four categories of master-apprentice rela-
tions and relevant examples from the Nobel Foundation’s website.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0213916  April 3, 2019 10/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213916.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213916.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213916.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213916.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213916.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213916.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213916.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213916.s008
https://doi.org/10.1371/journal.pone.0213916

@ PLOS | ON E From North American hegemony to global competition for scientific leadership?

S2 Table. Nobel laureates across world regions. Absolute frequencies of Nobel laureates
across the three world regions. The final period of 2000-2017 is weighted and thus comparable
to earlier 10-year periods. Relative frequencies (moving averages) are shown in Fig 1.

(DOCX)

$3 Table. Nobel laureate mobility to (and from) North America. Observed and expected fre-
quencies of laureate mobility. Mobility includes moves from HD to PWR and/or from PWR to
NP. Mobility to (and from) North America includes scientists from Europe and Asia-Pacific.
Expected frequencies are based on random sampling. The final period of 2000-2017 is
weighted and thus comparable to earlier 10-year periods. Both observed frequencies and ratios
between observed/expected frequencies are shown in Fig 2.

(DOCX)

S4 Table. Master-apprentice relations across disciplines. Absolute frequencies of master—
apprentice relations across the three disciplines. The final period of 2000-2017 is weighted and
thus comparable to earlier 10-year periods. Relative frequencies (moving averages) are shown
in Fig 3.

(DOCX)

S5 Table. OLS regression results (North America). OLS regression results (pooled) for
5-year time windows beginning in 1901. Thus, the models cover 22 time periods. Parentheses
show standard errors. Data from S2 and S4 Tables are used.

(DOCX)

S6 Table. Newcomer organizations across world regions. Absolute frequencies of organiza-
tions hosting Nobel laureates for the first time (“newcomers”). The final period of 2000-2017
is weighted and thus comparable to earlier 10-year periods. Relative frequencies (moving aver-
ages) are shown in Fig 4.

(DOCX)

Acknowledgments

We thank Marie von der Heyden and Egzona Krasniqi for their help with data collection and
preparation of graphs, and Joel E. Fuchs for valuable comments on the regression analyses.
The authors declare no competing interests. Data are available in the supporting information.

Author Contributions
Conceptualization: Thomas Heinze.

Data curation: Thomas Heinze, David Pithan.
Formal analysis: Thomas Heinze, David Pithan.
Investigation: Thomas Heinze, Arlette Jappe.
Methodology: Thomas Heinze, David Pithan.
Project administration: Thomas Heinze.
Resources: Thomas Heinze.

Software: David Pithan.

Visualization: David Pithan.

Writing - original draft: Thomas Heinze, Arlette Jappe.

PLOS ONE | https://doi.org/10.1371/journal.pone.0213916  April 3, 2019 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213916.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213916.s010
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213916.s011
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213916.s012
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0213916.s013
https://doi.org/10.1371/journal.pone.0213916

'PLOS|ONE

From North American hegemony to global competition for scientific leadership?

Writing - review & editing: Thomas Heinze, Arlette Jappe.

References

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.
21.

22,

23.

24,

25.

Crawford E. The beginnings of the Nobel Institution: the science prizes 1901-1915. Cambridge1984.

Crawford E, Heilbron JL, Ullrich R. The Nobel population 1901-1937: A census of the nominators for
the prizes in physics and chemistry. Berkeley and Uppsala1987.

Friedman RM. The Politics of Excellence. Behind the Nobel Prize in Science. New York: Freeman
Book; 2001.

Friedman RM. Nobel Physics Prize in perspective. Nature. 1981; 292:793—-198.

Jones BF, Weinberg BA. Age dynamics in scientific creativity. Proceedings of the National Academy of
Sciences of the United States of America. 2011; 108(47):18910—4 https://doi.org/10.1073/pnas.
1102895108 PMID: 22065777

Redelmeier RJ, Naylor CD. Changes in Characteristics and Time to Recognition of Medical Scientists
Awarded a Nobel Prize. JAMA. 2016; 316(19):2043. https://doi.org/10.1001/jama.2016.15702 PMID:
27695852

Becattini F, Chatterjee A, Fortunato S, Pan RK, Parolo PDB. The Nobel Prize delay. arXiv.
2014:1405.7136v1.

Fortunato S. Growing time lag threatens Nobels. Nature. 2014; 508:186.

Chan HF, Torgler B. The implications of educational and methodological background for the career suc-
cess of Nobel laureates: an investigation of major awards. Scientometrics. 2015; 102:847-63.

Chan HF, Gleeson L, Torgler B. Awards before and after the Nobel Prize: A Matthew effect and/or a
ticket to one’s own funeral? Research Evaluation. 2014; 23:210-20.

Chan HF, Onder AS, Torgler B. Do Nobel laureates change their patterns of collaboration following
prize reception? Scientometrics. 2015; 105:2215-35.

Schlagberger EM, Bornmann L, Bauer J. At what institutions did Nobel laureates do their prizewinning
work? An analysis of biographical information on Nobel laureates from 1994 to 2014. Scientometrics.
2016; 109:723-67. https://doi.org/10.1007/s11192-016-2059-2 PMID: 27795592

Mazloumian A, Eom Y-H, Helbing D, Lozano S, Fortunato S. How Citation Boosts Promote Scientific
Paradigm Shifts and Nobel Prizes. PLOS One. 2011; 6:e18975. https://doi.org/10.1371/journal.pone.
0018975 PMID: 21573229

Zhou Z, Xing R, Liu J, Xing F. Landmark papers written by the Nobelists in physics from 1901 to 2012: a
bibliometric analysis of their citations and journals. Scientometrics. 2014; 100:329-38.

Rodriguez-Navarro A. Measuring research excellence. Number of Nobel Prize achievements versus
conventional bibliometric indicators. Journal of Documentation. 2011; 67:582—600.

Kragh H. Quantum Generations. A History of Physics in the Twentieth Century. Princeton: Princeton
University Press; 1999. 245-56 p.

Clark BR. Places of Inquiry: Research and Advanced Education in Modern Universities. Berkeley/Los
Angeles: University of California Press; 1995.

Ben-David J. The Scientist’s Role in Society. A Comparative Study. Englewood Cliffs, N.J.: Prentice-
Hall; 1971.

Hollingsworth JR, Hollingsworth EJ. Major Discoveries, Creativity, and the Dynamics of Science.
Vienna: Remaprint; 2011. 57-69 p.

Zuckerman H. Scientific Elite: Nobel Laureates in the United States. New York: Free Press; 1977.

Leydesdorff L, Wagner CS. Is the United States losing ground in science? A global perspective on the
world science system. Scientometrics. 2009; 78:23-36.

Hollingsworth JR, Miller KH, Hollingsworth EJ. The End of the Science Superpowers. Nature. 2008;
454(7203):412-3. https://doi.org/10.1038/454412a PMID: 18650902

Zhou P, Leydesdorff L. The emergence of China as a leading nation in science. Research Policy. 2006;
35.

Fairclough R, Thelwall M. More precise methods for national research citation impactcomparisons.
Journal of Informetrics. 2015; 9:895-906.

Leydesdorff L, Wagner CS, Bornmann L. The European Union, China, and the United States in thetop-
1% and top-10% layers of most-frequently citedpublications: Competition and collaborations. Journal of
Informetrics. 2014; 8:606—17.

PLOS ONE | https://doi.org/10.1371/journal.pone.0213916  April 3, 2019 12/14


https://doi.org/10.1073/pnas.1102895108
https://doi.org/10.1073/pnas.1102895108
http://www.ncbi.nlm.nih.gov/pubmed/22065777
https://doi.org/10.1001/jama.2016.15702
http://www.ncbi.nlm.nih.gov/pubmed/27695852
https://doi.org/10.1007/s11192-016-2059-2
http://www.ncbi.nlm.nih.gov/pubmed/27795592
https://doi.org/10.1371/journal.pone.0018975
https://doi.org/10.1371/journal.pone.0018975
http://www.ncbi.nlm.nih.gov/pubmed/21573229
https://doi.org/10.1038/454412a
http://www.ncbi.nlm.nih.gov/pubmed/18650902
https://doi.org/10.1371/journal.pone.0213916

©'PLOS|ONE

From North American hegemony to global competition for scientific leadership?

26.
27.
28.

29.
30.
31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.
49.

50.

King DA. The scientific impact of nations. Nature. 2004; 430:311-6. https://doi.org/10.1038/430311a
PMID: 15254529

NSB. Science and Engineering Indicators 2018. Alexandria, VA: National Science Foundation; 2018.

Chariker JH, Zhang Y, Pani JR, Rouchka EC. Identification of successful mentoring communities using
network-based analysis of mentor-mentee relationships across Nobel laureates. Scientometrics. 2017;
111:1733-49. https://doi.org/10.1007/s11192-017-2364-4 PMID: 28596628

Oakes E. Encyclopedia of World Scientists. New York: Infobase Publishing; 2007.
Kurian GT. The Nobel Scientists. A Biographical Encyclopedia. New York: Prometheus Books; 2002.

Schlessinger B, Schlessinger JH. The Who's Who of Nobel Prize Winners, 1901-1995. Phoenix: Oryx
Press; 1996.

James LK. Nobel Laureates in Chemistry 1901-1992. Washington D. C.: American Chemical Society;
1993.

Wasson T. Nobel Prize Winners. An H.W. Wilson Biographical Dictionary. New York: H.W. Wilson
Company; 1987.

Fields C. Close to the edge: co-authorship proximity of Nobel laureates in Physiology or Medicine,
1991-2010, to cross-disciplinary brokers. Scientometrics. 2015; 103:267-99.

Wagner CS, Horlings E, Whetsell TA, Mattsson P, Nordqvist K. Do Nobel Laureates Create Prize-Win-
ning Networks? An Analysis of Collaborative Research in Physiology or Medicine. PLOS One. 2015;
10:e0134164. https://doi.org/10.1371/journal.pone.0134164 PMID: 26230622

Litzen A. Genius logistics. Occupational geographical mobility of Nobel Prize winners in science 1860—
2005. Helsinki: The Finnish Society of Science and Letters; 2008.

Stock J, Watson M. Introduction to Econometrics. Boston: Addison Wesley; 2003.

Stephan P. How Economics Shapes Science. Cambridge, Massachusetts: Harvard University Press;
2012. 183-202 p.

Franzoni C, Scellato G, Stephan P. International Mobility of Research Scientists: Lessens from GlobSci.
In: Geuna A, editor. Global Mobility of Research Scientists The Economics of Who Goes Where and
Why. Amsterdam: Academic Press; 2015. p. 35-65.

Krugman PR, Baldwin RE. The persistence of the United-States trade deficit. Brookings Papers on Eco-
nomic Activity. 1987:1-55.

Ferrero A. A structural decomposition of the US trade balance: Productivity, demographics and fiscal
policy. Journal of Monetary Economics. 2010; 57(4):478-90.

USCB. Trade in Goods with World, Seasonally Adjusted https://www.census.gov/foreign-trade/
balance/c0004.html: United States Census Bureau; 2019 [cited 2019 01/11].

Appelt S, Beuzekom Bv, Galindo-Rueda F, Pinho Rd. Which Factors Influence the International Mobility
of Research Scientists? In: Geuna A, editor. Global Mobility of Research Scientists The Economics of
Who Goes Where and Why. Amsterdam: Academic Press; 2015. p. 177-213.

Hunter RS, Oswald AJ, Charlton BG. The elite brain drain. The Economic Journal. 2009; 119:F231—
F51.

Lawson C, Geuna A, Fernandez-Zubieta A, Kataishi R, Toselli M. International Careers of Researchers
in Biomedical Sciences: A Comparison of the US and the UK. In: Geuna A, editor. Global Mobility of
Research Scientists The Economics of Who Goes Where and Why. Amsterdam: Academic Press;
2015. p. 67—104.

Veugelers R, Bouwel Lv. Destinations of Mobile European Researchers: Europe versus the United
States. In: Geuna A, editor. Global Mobility of Research Scientists The Economics of Who Goes Where
and Why. Amsterdam: Academic Press; 2015. p. 215-37.

Cole JR. The great American university: its rise to preeminence, its indispensable national role, and
why it must be protected. 1sted. New York: PublicAffairs; 2009. xii, 616 p. p.

Parsons T, Platt GM. The American University. Cambridge, MA: Harvard University Press; 1974.

Jappe A, Heinze T. Institutional Context and Growth of New Research Fields. Comparison between
State Universities in Germany and the United States. In: Heinze T, Miinch R, editors. Innovation in Sci-
ence and Organizational Renewal Sociological and Historical Perspectives. New York: Palgrave Mac-
millan; 2016.

Hollingsworth JR. A Path-Dependent Perspective on Institutional and Organizational Factors Shaping
Major Scientific Discoveries. In: Hage JT, Meeus M, editors. Innovation, Science, and Institutional
Change. Atlanta Conference on Science and Technology Policy 2006. Oxford: Oxford University
Press; 2006. p. 423-42

PLOS ONE | https://doi.org/10.1371/journal.pone.0213916  April 3, 2019 13/14


https://doi.org/10.1038/430311a
http://www.ncbi.nlm.nih.gov/pubmed/15254529
https://doi.org/10.1007/s11192-017-2364-4
http://www.ncbi.nlm.nih.gov/pubmed/28596628
https://doi.org/10.1371/journal.pone.0134164
http://www.ncbi.nlm.nih.gov/pubmed/26230622
https://www.census.gov/foreign-trade/balance/c0004.html
https://www.census.gov/foreign-trade/balance/c0004.html
https://doi.org/10.1371/journal.pone.0213916

@ PLOS | ON E From North American hegemony to global competition for scientific leadership?

51. Bonaccorsi A, Cicero T, Haddawy P, Hassan S-U. Explaining the transatlantic gap in research excel-
lence. Scientometrics. 2017; 110:217—41.

52. Rodriguez-Navarro A. Research Assessment Based on Infrequent Achievements: A Comparison of the
United States and Europe in Terms of Highly Cited Papers and Nobel Prizes. Journal of the American
Society for Information Science and Technology. 2016; 67:731—40.

PLOS ONE | https://doi.org/10.1371/journal.pone.0213916  April 3, 2019 14/14


https://doi.org/10.1371/journal.pone.0213916

