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Abstract24

A nation’s scholarly enterprises can be impacted by external geopolitical fac-25

tors. To investigate such impacts, we study the natural experiment that occurred26

within Germany, whose territory was partitioned following World War II and27

then reuni�ed in 1990. We use data from journal publications and regional eco-28

nomic indicators to investigate the trajectories of scholarly activity in both East29

and West German regions over the past 60 years. As a control for any observed30

1



changes in Germany, we also consider the scholarly output of two comparable31

countries, Austria and Switzerland. We �nd that East and West German research32

organizations were able to recover from the impact of the war in a similar man-33

ner. We also �nd that reuni�cation and control of the scholarly enterprise by34

West Germany altered the scholarship focus of East German institutions. At35

the institutional level, we �nd strong evidence of the Matthew e�ect for institu-36

tions in West Germany, but less so for East German institutions. These �ndings37

demonstrate both the resilience of strong scholarly enterprises to shocks and the38

fact that scholarly enterprise can be remodeled over the span of a decade. Our39

�ndings o�er sobering warnings about the impact of ongoing changes in the US40

scholarly enterprise.41

Keywords: Scienti�c enterprise, Geopolitical shocks, Science policy, Bibliometrics42

1 Introduction43

The United States (US) currently spends about 2.3 percent of its gross domestic prod-44

uct (GDP) on Research and Development (R&D) in 2021, about half of which comes45

from federal sources [1, 2]. This amount is comparable to annual expenditures on46

transportation and water infrastructure (about 3% of GDP) and on education (about47

5.5%) [3]. The reason why the US and other countries invest so signi�cantly in R&D is48

due to the expected returns on their investment in terms of nation wealth and quality49

of life [2, 4]. External shocks to the R&D systems | such as economic crises, natural50

disasters, and geopolitical changes | can disrupt established structures and scholarly51

foci [5, 6]. Because the scholarly enterprise relies to such a great extent on state fund-52

ing [7, 8], it will be especially sensitive to such shocks [9]. Indeed, national science53

policies determine research priorities, guide funding distributions, and shape regula-54

tory frameworks, while cultural attitudes in
uence public perceptions of science and55

its applications [10, 11]. These interactions between scholarship and external geopo-56

litical factors highlight the signi�cance of understanding how such shocks potentially57

reshape scienti�c production systems and alter their outcomes.58

Despite numerous theories and empirical studies on demographic divide [12, 13],59

economic divide [14, 15], and cultural divide [16, 17] between East and West German60

regions, there is still much to be understood about the impact of geopolitical shocks61

on the health of the scholarly enterprise of a nation [18]. In this study, we take advan-62

tage of a natural experiment | the splitting and rejoining of the German federal63

states [14, 19]. At the beginning of the 20th century, Germany was one of the leading64

three nations in the development of higher education and scholarly production [20, 21].65

Although Germany remains a European R&D powerhouse, its scienti�c enterprise was66

severely disrupted by two World Wars [22]. The overt antisemitism of the Nazi period67

exacerbated this disruption, as Jewish scholars were systematically persecuted and68

many were forced to 
ee the country [23, 24]. The Cold War and the partition of Ger-69

man L�ander 1 between the Western and Soviet spheres of in
uence further separated70

1 Land (plural L�ander ) is the designation of the German federal states.
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scholarly enterprises [25]. The partition of Germany created long-lasting political, eco-71

nomic, and social divisions within the German L�ander [14, 26]. Following the fall of72

the Berlin Wall and the collapse of communist regimes in eastern Europe [27], German73

reuni�cation in 1990 led to a restructuring of the research landscape of East Germany74

along the organizations and practices of the former West Germany [28{31]. Nonethe-75

less, recent research suggests that the partition between East and West Germany still76

persists in the patterns of scienti�c collaborations [32, 33].77

We hypothesize that the restructuring of the scholarly enterprise in East Germany78

after reuni�cation had a signi�cant positive impact on its research output. To inves-79

tigate this, we conducted a large-scale analysis of the journal publication metadata,80

focusing on scienti�c productivity, collaboration networks, disciplinary orientations,81

and institutional development. To establish a meaningful benchmark for comparison,82

we selected Austria and Switzerland as reference countries. These neighboring nations83

share substantial linguistic, historical and cultural ties with Germany [34, 35]. In84

addition, they share academic traditions, institutional frameworks, and an emphasis85

on scienti�c and technological innovation [35, 36]. However, Austria and especially86

Switzerland were not subjected to the magnitude of disruptive geopolitical transfor-87

mations experienced by Germany. This distinction enables us to isolate and closely88

examine the speci�c impacts of such disruptions on scholarly national enterprises.89

2 Materials and Methods90

Institutional metadata.91

To estimate research outputs of a region or country, we �rst identi�ed that region’s92

institutions actively publishing in scienti�c journals, and then aggregated their out-93

puts. To this end, we used the Research Organization Registry (ROR), a global,94

community-driven registry that provides open and persistent identi�ers for research95

organizations along with their institutional metadata [37]. From the ROR database96

[38], we extracted information on geographic location, institutional type, year of estab-97

lishment and associated country or region. For institutions for which ROR does not98

provide the year of establishment, we imputed its value using the year of the earliest99

journal publication associated with the institution. We primarily focused our anal-100

ysis on institutions established prior to 1990 to investigate how the science system101

evolved before and after the political re-alignment. In total, we consider 181 East Ger-102

man institutions, 2,175 West German institutions, 329 Austrian institutions, and 741103

Swiss institutions. For completeness, we include the results for institutions established104

after 1989 in our Supplementary Information titled Analysis on institutions105

established after 1989 .106

Journal publication metadata.107

We extracted the journal publications for these institutions from OpenAlex [39], the108

largest open repository of scholarly metadata [39, 40]. We re�ned our selection by109

�ltering out entries without essential information required for our analysis, including110

publication year, publication source type, authorship details, a�liation information,111

and concept classi�cation. We used the institutional a�liation of the authors of a112
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publication to assign the country or region to an article. Note that we restricted our113

attention to journal articles published after 1900 and before 2022.2114

Gross domestic product (GDP) data.115

We used the Ros�es-Wolf database on the economic development of European regions116

at the nomenclature of territorial units for statistics (NUTS) level 2 to obtain GDP117

estimates for German L�ander between 1900 and 2015 [41, 42]. To estimate GDP for118

East and West Germany, we aggregated the GDP of the respective L�ander (SeeSup-119

plementary Information titled Building up GDP for Austria, East Germany,120

Switzerland, and West Germany for more details).121

We chose this database for its comprehensive coverage of European regions,122

enabling consistent GDP estimates for East and West Germany as well as the con-123

trol countries. By standardizing GDP values to 1990 International U.S. dollars, the124

database ensures comparability across di�erent time periods, which is crucial for a125

historical analysis such as ours. While we are aware of alternative sources, such as the126

World Bank [43], the Halle Institute for Economic Research (IWH) [44], or the Con-127

ference Board [45] that also provide GDP estimates for East and West Germany, none128

of them spans the entire period of interest to us or use consistent GDP units.129

Estimation of growth rate.130

We estimated scholarly output growth rates through linear regression of the logarithm131

of number of publications over time periods [46]. Speci�cally, we �t a straight line to132

the logarithmic transformation of the annual journal publications’ volume over two133

30-year periods: before reuni�cation (1960{1990), beginning with the construction of134

the Berlin Wall) and after reuni�cation (1991{2011). The slope of each �tted line135

represents the rate of change, suggesting an estimate of how rapidly the number of136

publications increased during each period. This approach allows for a comparative137

analysis of publication trends in di�erent countries (see Table 1).138

Classi�cation of collaboration networks.139

We conducted an in-depth examination of the collaboration networks extracted from140

journal articles with authors with multiple institutional a�liations [47, 48]. We cate-141

gorized these collaborations as domestic or external. External collaborations involve142

authors a�liated with institutions from at least two di�erent countries or regions [49].143

Classi�cation of disciplinary focus.144

A key feature of the journal articles indexed in OpenAlex is that each article is assigned145

to one or more topics, denoted \Concepts" or \Field-of-Study" (FoS)3. We used the146

FoS classi�cation of the top level (L0) for journal articles in our corpus (See Sup-147

plementary Information titled Match Fields of Study to OECD disciplines148

for more details) and then categorized them into four broader disciplines: Humanities,149

2 Given that the OpenAlex snapshot used for our analysis was released in April, 2024, we recognize that
more recent articles published may not be included. See Data availability for more details on the version
of the data snapshot.

3 The Concepts entity in the newer version of the OpenAlex data snapshot is built upon the Fields of
Study (FoS) in Microsoft Academic Graph (MAG).
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Medicine & Health Sciences, Natural Sciences & Engineering, and Social Sciences.150

This merging is guided by criteria established by the Organization for Economic151

Cooperation and Development (OECD) [50].152

3 Results153

Scholarly output154

Germany is an economic and scholarly powerhouse. In 2023, Germany’s share of the155

global GDP was approximately 3.31%4, and its share of journal articles published156

constitutes about 5.52% of the total. We �rst examined the GDP growth of Austria,157

East and West Germany, and Switzerland (Fig. 1a). It is visually apparent that the158

Second World War had a massive impact on the economic output of East Germany’s159

L�ander. Indeed, far greater than the impact on Austria or West Germany. Presumably,160

at least initially, due to the Marshall Plan, Austria and West Germany experienced161

fast GDP growth between 1950 and 1980 as did, surprisingly, East Germany [51].162

But, while at a lower rate, Austria, Switzerland and West Germany continued to grow163

after that, East Germany’s economy contracted signi�cantly during the 1980s. This164

contraction was due to a severe debt crisis from 1980 to 1990, driven by the Western165

\credit boycott" and declining Soviet support [52].166

Growing Cold War costs during the 1980s prevented the Soviet Union from con-167

tinuing to support Eastern European countries ultimately leading to the collapse of168

the Eastern Bloc, the fall of the Berlin Wall and German reuni�cation [52, 53]. After169

1990, the East German L�ander received signi�cant �nancial support from a uni�ed170

Germany [54, 55]. This support enabled the economies of those L�ander to recover171

some, but not all, of the ground lost during the 1980s.172

We next quanti�ed scholarly output of these regions by the number of journal pub-173

lications by authors a�liated with their institutions [56, 57] (see Data and Methods :174

Institutional metadata ). Not surprisingly, scholarly output closely tracks economy175

size, although with di�erent coe�cients for the di�erent regions (Fig. 1b and Table 1).176

Interestingly, even during the period of GDP contraction in East Germany, schol-177

arly output did not decrease. In fact, scholarly output increased already prior to the178

reuni�cation, a situation that we will investigate in greater detail next.179

Collaboration patterns180

The Second World War fragmented a previously integrated European scholarly enter-181

prise. The partition of Germany further disrupted scholarly collaboration in the182

aftermath of the war. The construction of the Berlin Wall in 1961 deepened this divide,183

e�ectively severing interactions and halting collaborative e�orts between scholars from184

East and West Germany [30].185

An extensive body of research demonstrates that team science can impact both186

productivity and impact of scholarly work [58{60]. Thus, we investigate the role of187

di�erent types of collaborations on the scholarly output of East and West Germany.188

Figure 2 shows the impact on total output of domestic collaborations, collaborations189

4 German estimated share of global GDP in 2021, as determined by World Bank Group
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Fig. 1 A natural experiment on the impact of geopolitical shocks on national scholarly
enterprise. Following the Second World War, Germany was partitioned into West Germany (West-
deutsche L�ander) and East Germany (Ostdeutsche L�ander). These countries were reuni�ed in 1990,
following the fall of the Berlin Wall in 1989. a. Estimated historical GDP values for the considered
regions or nations since 1900. The GDP of the East Germany L�ander was $163.801 Billion in 1980,
$101.762 Billion in 1990, and $173.457 Billion in 2000. b. Five-year moving average of the annual
number of journal publications by authors a�liated with institutions in Germany (including former
West and East Germany), Austria, and Switzerland over the past 120 years. Note how the two world
wars disrupted scholarly output much more dramatically then economic activity. Since 1960, journal
publications of Austria, Switzerland, and West Germany have shown relatively steady and continu-
ous growth. In contrast, East Germany scholarly output stagnated from 1970 to about 1985.

with external institutions and cross-region collaborations (also Table 2). It is interest-190

ing that while collaborations by West Germany scholars with scholars from external191

partners, including Austria and Switzerland, experienced rapid growth during the192

1960s, the pattern for collaborations by East Germany scholars looks quite di�erent.193

East and West German collaborations stagnate during the 1970s, but grow again194

starting in the early 1980s, continuing an accelerated growth until 2000, i.e., the �rst195

decade of reuni�cation. Collaborations between East German scholars with Austrian196

or Swiss scholars pick up around 1970. Interestingly, the number of collaborations197

with Swiss scholars stagnate around 1980 but picks up in the middle 1980s, continuing198

with an accelerated growth until 2000. The number of collaborations with Austrian199
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Fig. 2 Evolution of collaboration patterns for scholars a�liated with East or West Ger-
man institutions. We plot 5-year moving averages of number of journal publications co-authored
by authors a�liated with ( a) West German institutions and ( b ) East German institutions. We plot
total publications; publications involving authors from at least two within-region institutions (domes-
tic); involving authors from an institution outside the region (external). Finally, we plot number of
publications involving authors a�liated with an institution within the region and authors a�liated
with an institution located in Austria (w Austria), Switzerland (w Switzerland) or the other Ger-
man region (East-West). It is visually apparent that collaborations between authors a�liated some
institutions in East Germany and authors a�liated with some institutions in West Germany expe-
rienced an acceleration in growth starting in the mid 1980s, i.e, prior to reuni�cation. Remarkably,
the number of papers involving such collaborations has, since 1960, exceeded the number of domestic
collaborations.

scholars rises rapidly from 1970 until the mid 1990s, after which it tracks the growth200

of collaborations with Swiss scholars.201

The complex temporal patterns of the collaborations of East German scholars with202

scientists from within-region or across-regions suggests a rapidly shifting geopolitical203

situation, requiring constant adaptation. Reuni�cation facilitated structural support204

to the East German scholarly enterprise. The new funding streams, shared research205

agenda, and stable policy framework created, over the �rst decade after reuni�ca-206

tion, a more predictable geopolitical context in which scholars and institutions could207

undertake longer-term planning and collaborations [30].208
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Disciplinary orientation209

Next, we focus on changes to disciplinary focus during partitioning and after reuni-210

�cation. Figure 3 shows that scholarly output is dominated in all four regions by211

publications in the Natural Science and Engineering & Technology. Following other212

indicators, we �nd that even in these disciplines, scholarly output for East Germany213

falls stagnates from the mid-1970s, until after reuni�cation. Since 2000, the growth214

for East German institutions has tracked that of Austrian institutions.215

Our �ndings are, however, more interesting for the other major scholarly domains.216

For both Medical & Health Sciences and Social Sciences, scholarly outputs display217

a step change increase 5-years after reuni�cation. Both these scholarly domains had218

dramatically fallen behind during the partition period. The data demonstrate as con-219

certed e�ort by a uni�ed Germany to bring those domains to levels consistent with220

the economic might of the region.221

The increased focus on the Social Sciences post-reuni�cation may also re
ect a222

renewed academic interest in examining German historical, social, and cultural con-223

texts, particularly with reuni�cation and post-socialist transformation. This period224

o�ered unique research opportunities to investigate topics such as identity, cultural225

integration, and social change in a reuni�ed Germany [30, 61, 62].226

For the Humanities, the situation is surprisingly reversed. While scholarly output in227

the Humanities was considerably higher by East German scholars during the partition228

Fig. 3 Temporal trends in journal publications across Humanities, Medical and Health
Sciences, and Social Sciences highlight the impact of East Germany’s revitalization on
research in these disciplines. 5-year moving averages of journal article publications across West
Germany, East Germany, Switzerland, and Austria in the Natural Sciences and Engineering, the
Medical and Health Sciences, the Social Sciences, and the Humanities.
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than for Austrian or Swiss scholars, this advantage was destroyed upon reuni�cation.229

Currently, scholarly output in the Humanities for East German scholars tracks the230

output of Austrian scholars, a far cry from the advantage prior to 1990.231

Institutional development232

Universities are the main contributors to scholarly output (Tables 3{6). Thus, in order233

to better understand the aggregate trends reported above, we next look at the scholarly234

output of universities across the studied regions. We obtained the 2024 Leiden Ranking235

of Research Universities5.236

We selected the top 3 and bottom 3 ranked universities from Austria, East Ger-237

many, Switzerland, and West Germany and calculated the average number of journal238

publications for each group (Figs. 4a,b and Figs. 13{16). At a super�cial level, it would239

appear that the scholarly output of these universities grows steadily over the 60 year240

period considered (Table 9). However, there are interesting subtleties when looking241

more closely.242

First, there is a step drop in output in 2005 for Austrian universities in both243

groups. To ensure this drop was not an artifact of the OpenAlex data, we conducted244

the same analysis with Scopus data, which con�rmed our initial observation (Fig. 7).245

This decline coincides with the implementation of the University Act 2002, which took246

e�ect on January 1, 2004 [63]. A key consequence of this reform was the separation247

of medical faculties from major universities in Austria, fundamentally changing their248

research dynamics [64].249

Second, there is an acceleration of growth for the top 3 West German and Swiss250

universities and a concurrent deceleration of growth for the bottom 3 Swiss universi-251

ties. This suggests a concentration of investment in the very top institutions. This is252

an instance of the Matthew e�ect | the phenomenon where established institutions253

accumulate advantages that further solidify their dominance [65, 66].254

Third, the top 3 East German universities experience a drop in output immedi-255

ately after reuni�cation. This downturn was likely due to the extensive restructuring256

of the East German higher education system [67] and the departure of top researchers257

at those institutions when free cross-border movement became possible [30, 61]. Sig-258

ni�cantly, these institutions quickly recovered from that decline and experienced an259

increased growth rate from 1995 until about 2005. Their scholarly output since, how-260

ever, more closely resembles that of bottom-ranked institutions in Austria, Switzerland261

and West Germany. This is not surprising when we look at their overall ranking within262

a uni�ed Germany (Table 8).263

Fourth, the bottom-ranked West German universities display a dramatic acceler-264

ation of their scholarly output during the 1970s. This suggests that some institutions265

were selected at that time for higher levels of investment to bring them to the rank of266

research universities. These universities | together with bottom-ranked universities267

in Austria and East Germany | display, however, lower growth rates than top-ranked268

universities of Austria, Switzerland, and West Germany.269

5 Leiden Ranking is based on data of the Web-of-Science (WoS) of the Clarivate Analytics which are
processed by the Center for Science and Technology Studies (CWTS) at Leiden University. The most recent
ranking of global universities is available at here.
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Fig. 4 Trends in journal article publications of universities in Austria, East Germany,
Switzerland, and West Germany over a 60-year period for di�erently ranked sets of
universities. We show the average number of publications of (a) the top 3 and (b) the bottom 3
ranked universities in the region or country, and (c) the top 3 in terms of scholarly output of unranked
universities in the region or country. See Table 9 for growth rates.

As a control, we also analyze the scholarly output of the top 3 publishing unranked270

universities in the region or country (Fig. 4c and Figs. 13{16). The interesting obser-271

vation here is the similar scholarly output growth rate for all institutions regardless of272

region or country. It is nonetheless interesting that Swiss institutions average higher273

levels of output even though there was a period with no-growth around 2008, similar274

to what happened for bottom-ranked Swiss universities a few years earlier.275

These similarities and di�erences highlight the impact of funding strategies on276

scholarly production in regions and countries. Austria’s split of Medical Schools from277

their universities probably impacted their stature internationally. However, in each of278

these three countries, the very best universities have been granted the resources to279

pull ahead and, presumably, maintain or expand their international standing.280
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