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Abstract The world’s third largest producer of scientific research, Germany, is 
the origin of the research university and the independent, extra-university research 
institute. Its dual-pillar research policy differentiates these organizational forms 
functionally: universities specialize in advanced research-based teaching; institutes 
specialize intensely on research. Over the past decades this policy affected each sec-
tor differently: while universities suffered a lingering “legitimation crisis,” institutes 
enjoyed deepening “favored sponsorship”—financial and reputational advantages. 
Universities led the nation’s reestablishment of scientific prominence among the 
highly competitive European and global science systems after WWII. But secto-
ral analysis of contributions to science, technology, engineering, mathematics, and 
medical  and health journal publications (1950–2010) finds that Germany’s small 
to medium-sized independent research institutes have made significant, growing 
contributions, particularly in publishing in higher impact journals proportionally 
more than their size. Simultaneously—despite dual-pillar policy implications—the 
university sector continues to be absolutely and relatively successful; not eclipsed 
by the institutes. Universities have consistently produced two-thirds of the nation’s 
publications in the highest quality journals since at least 1980 and have increased 
publications at a logarithmic rate; higher than the international mean. Indeed, they 
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led Germany into the global mega-science style of production. Contrary to assumed 
benefits of functional differentiation, our results indicate that relative to their size, 
each sector has produced approximately similar publication records. While institutes 
have succeeded, the larger university sector, despite much less funding growth, has 
remained fundamental to German science production. Considering these findings, 
we discuss the future utility of the dual-pillar policy.

Keywords Germany · University · Research institute · Research policy · Science 
production · STEM+

Introduction: Germany—Innovator in the Center of Europe

Germany, currently the world’s third largest producer of scientific research, is 
credited with the origins of two major organizational forms responsible for gener-
ating scientific discovery worldwide: the research university and the independent, 
extra-university research institute (hereafter, institute).1 As is well known, over the 
late 18th and early 19th century, universities in German-speaking Europe innova-
tively integrated a set of principles around higher education and scientific research, 
most importantly the nexus of research and teaching, as the fundamental princi-
ple of the modern research university. Eventually, the new research-oriented uni-
versity took shape and by the mid-19th century was internationally celebrated and 
emulated, though somewhat misinterpreted, including in nascent American uni-
versities (e.g. Geiger 2004 [1993]; Lenhardt 2005; Ash 2006). While innovations 
continue elsewhere, the core principles behind this original model of the research 
university are now evident in universities throughout the world, and by the end of 
the period examined here there were 142 research-active universities in Germany. 
After developing the research university, Germany also pioneered the independent, 
government-funded, and highly prestigious research institute, a salient model fre-
quently employed throughout the country, financed to varying degrees by various 
levels of government. Fully autonomous from universities and private interests and 
with academic freedom from the state in scientific pursuits, by 2010 there were 427 
institutes undertaking basic scientific research and publishing science, technology, 
engineering, and mathematics, plus medicine and health journal articles (hereafter, 
STEM+ papers), primarily coordinated within four umbrella organizations (Fraun-
hofer, Helmholtz, Leibniz, and Max Planck). With some modification, the form of 
the research institute has also been replicated outside Germany, such as the internal 
research laboratories within the U.S. National Institutes of Health, the researchers 
and laboratories of France’s Centre National de la Recherche Scientifique (CNRS), 
and the national Academies of Science in the former USSR and China (Kreckel 

1 “Institute” refers here only to stand-alone, independent organizations primarily undertaking scientific 
research with dedicated streams of state funding. The word “institute” has various meanings, however, 
and can also refer to research centers or clusters functioning within universities and other organizations, 
none of which are the kind examined here.
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2008; Robin and Schubert 2013; Oleksiyenko 2014). Here, we primarily investi-
gate these “dual pillars” of German science production (see also Powell and Dusdal 
2017a).

Consequently, and even in the face of severe national, regional, and global cri-
ses, the country’s science production has been significant over the 20th century—
dominating early, fading during the middle, and rebounding in later decades. To put 
Germany’s contribution in perspective, shown in Fig. 1 are estimated annual jour-
nal publications in STEM+ from the European region and the percentage of these 
from Germany (data source described below). This region has been a major pro-
ducer across a “century of science” of unparalleled discovery, from approximately 
the late 19th century until the present (Powell et al. 2017a, b). Termed the “small 
science” phase of the 20th century, notable for its novel increase in scientific dis-
ciplines, topics, and discoveries, it was launched by European scientists who were 
then authoring about two-thirds of the world’s scientific journal publications, many 
of whom worked within research universities inspired by the German model (de 
Solla Price 1963). And a large share of this production was from Germany itself. 
For example, of the estimated 6,300 STEM+ papers from European countries pub-
lished in 1900, 70 percent were authored by at least one Germany-based scientist. 
Not surprisingly given the critical junctures due to an illiberal fascist regime, defeat 
in WWII, plus its post-WWII political division, Germany’s proportion began a 
steep decline from about 1940, dropping to below 10 percent of Europe’s papers 

Fig. 1  Estimated Volume of STEM+ Journal Articles Authored by European Scientists; Percentage of 
Papers by Germany-based Authors; and Number of Universities and Research Institutes Contributing to 
Publications in Germany, 1900–2010. Source SPHERE project database of SCIE publications (Clarivate 
Analytics’ Web of Science). Note Number of universities and institutes with at least one STEM+ pub-
lication approximates but does not necessarily match official totals of all universities and institutes as a 
small number may not have contributed articles in the database’s journals in selected years
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by 1970. This coincided with what has been referred to as the “big science” phase2 
with its unprecedented growth in papers from scientists researching in a growing 
number of nations, most notably in the U.S. Even with a scientifically weakened 
Germany, Europe during this period continued to contribute just under 40 percent of 
global journal articles in STEM+. The worldwide culmination of the trends already 
occurring in the emerging research universities in Germany by 1900 may be termed 
“mega-science,” which by the 1980s marked the intensification of scientific capac-
ity-building and publication in Europe—and globally (Baker and Powell forthcom-
ing). The publication rate, reflecting unexpected “pure exponential growth,” rose 
to over one million annual papers by 2010, authored by scientists working in doz-
ens more countries, resulting in large part from global higher education expansion 
(Powell et al. 2017a, b). In the midst of this global sea-change, by the 1980s Ger-
man science had rebounded and consistently contributed just under 20 percent of 
a constantly expanding volume of papers from Europe. By 2010, the country’s re-
built and growing science capacity produced over an estimated 74,000 new STEM+ 
papers, third globally after the U.S. and China.

Germany’s current science production is clearly impressive. Yet unlike other 
leading productive countries, it relies on a higher education and research policy 
that increasingly diverges from the rising centrality of the research university in 
the majority of nations’ science production. Supported by deeply held political and 
cultural assumptions, since 1950, the guiding principle behind the German Federal 
Republic’s and then a reunified Germany’s research policy is the image of universi-
ties and institutes each representing a supporting but differentiated “pillar” of sci-
ence production. By the 20th century, Germany’s states (Bundesländer) chartered, 
funded, and managed universities that had the specific function of university educa-
tion, including preparation of the country’s future scientists. Universities, relying on 
competitive R&D revenue, were undertaking research as part of their mission, but 
this role was assumed to be steadily and properly eclipsed by the institutes, the home 
of world-leading specialists in selected scientific fields. Extra-university research 
institutes were considered organizations of the “best and brightest” researchers 
guided by prestigious senior scientists in the systematic pursuit of the most cutting-
edge science possible. Their overall conditions for research are characterized  by 
well-resourced dedicated streams of federal and Bundesländer funding, albeit 
recently with some competitive revenue streams added in and becoming increas-
ingly important. While the early charter of some institutes involved partnerships 
with industry (a form of doing research also pioneered in Germany, but not exam-
ined here), they were never limited to research primarily for economic, military, or 
state purposes, and have evolved into centers of fundamental scientific inquiry to be 

2 The concept of “big science” in this paper is based on de Solla Price’s (1986) analysis that science is 
now more than just the growth of the science system and an increase of scientific publications; rather, the 
organization of research involves larger teams engaged in collaborative work, with research tasks requir-
ing more financial support and personnel and coordination, and scientific innovation increasingly inter-
twined with technological development (see Felt et al. 1995).
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shared openly with the world’s scientific community in the standard fashion of jour-
nal articles, conferences, and so forth.

As the term “dual pillars” implies, while functionally different to a degree, the 
two main organizational forms of science are widely assumed essentially equal in 
their importance. Intentionally and unintentionally, this assumption has, however, 
neither led to equality in resource allocation nor in legitimation. Instead, the dual-
pillar model has yielded uneven levels of public research funding, access to sci-
entific talent, and cultural prestige within German science. Especially over recent 
decades, the institutes have received proportionally more while the universities 
have received proportionally less from expanding national R&D investments (Hinze 
2016; Hohn 2016). For example, by 2017, even though among European nations 
Germany spent the most on R&D (3 percent) relative to its very high GDP, its uni-
versities received only 17 percent of these funds, while a significantly larger share 
went to support research in the well-resourced institutes (OECD.stat 2019). As a 
result, the institutes’ role in scientific discovery enjoys a kind of “favored sponsor-
ship” by the state in terms of resources, and within the general society is reflected 
in enormous prestige. In contrast, a long simmering “crisis of legitimation” of uni-
versities and their role in science has meant that they must do more with less, given 
the steadily rising student numbers, heavy teaching loads, and increasing competi-
tion for research grants (Schimank 1995; Enders et al. 2002; Mohrman et al. 2008; 
Timmermann 2010; Henke and Pasternack 2017). Accentuating the sense of a crisis 
is that few of the country’s universities achieve top positions in widely publicized 
international rankings, despite multiple cycles of an “Excellence Initiative” policy 
designed to select and valorize some leading universities thought then able to com-
pete globally at the highest level.

At the same time, an essential factor in the  trajectory of global science has 
been the rise in the centrality of the research university; in 1900 only a third of the 
world’s scientific papers were authored by university-based scientists, yet over the 
next 110 years that proportion grew to fully 80 percent of new publications annually 
(Zhang et al. 2015). Also, recent cross-national investigations find that the research 
university, particularly so with global mega-science, is robustly productive, even in 
environments with less than optimal resources (Powell et  al. 2017b; Dusdal 2018; 
Owen-Smith 2018). It is with some irony, then, that the central innovation behind the 
organizational form of the research university—integrating preparation of future sci-
entists with scientific research—has, at least at the policy level in its country of ori-
gin, been differentiated and downgraded to a degree, and that worldwide intensifica-
tion of this earlier model has not been optimized in Germany’s research universities.

The implication of the dual-pillar model is that the institutes lead the way and 
they form the foundation of the country’s science production, while over time uni-
versities should have receded in this respect as they focus on teaching and train-
ing future scientists. Scientists in universities are, of course, expected to undertake 
research, but under the dual-pillar policy, disproportionate resources, intellectual 
prestige, and greatest legitimation for scientific discovery flow towards the insti-
tutes. Although this remains a widely held assumption among higher education and 
research policy makers, it begs the question of what the dual-pillar research policy 
has meant for science production during the reestablishment of German’s scientific 
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prominence. Even though the country played a central role in the origins of both 
forms of doing advanced research, there has never been a systematic, long-historical 
assessment of their relative impact on Germany’s prodigious scientific output (but 
see Heinze and Kuhlmann 2008 for a two-year assessment). This is now possible to 
undertake with a unique dataset.

A summary of the historical development of these organizational forms that led 
to the dual-pillar policy with their now globally atypical differentiated positions sets 
the context. Then, with national data on STEM+ publications from 1950 to 2010, 
collected during the international, multidisciplinary project “Science Productivity, 
Higher Education, Research & Development, and the Knowledge Society (hereaf-
ter SPHERE),” (see Powell et al. 2017a), we address three empirical questions on 
foundation, mega-science, and efficiency. Firstly, foundationally, to what extent was 
the primary objective of the dual-pillar research policy achieved: namely, did insti-
tutes surpass universities in producing most of the nation’s volume of science as 
university research conditions eroded? Secondly, as also implied by this policy, did 
institutes adopt regular use of key characteristics of global mega-science production 
before universities and eclipse them in these practices? Thirdly, is there evidence 
that institutes are more efficient in science production than universities? Lastly, in 
light of the results, we consider the logic and future sustainability of the dual-pillar 
policy and its ensuing sponsorship of institutes as well as university crisis.

Synopsis of the Development of the University and Research Institute

What is widely acknowledged as the “Humboldtian” model of university-based sci-
ence stems from four ideals: academic freedom to teach, learn, and inquire; unity of 
teaching and research for deeper inquiry; broadest possible inquiry including sci-
ence and humanities; and, primacy of “pure” or basic science striving for universal 
knowledge. All are underpinned by the elusive, yet frequently extolled, notion that 
participation in advanced education and its scholarship, and by extension scientific 
discovery, is essential for nothing short of human cultivation (Bildung). Despite 
these ideas’ centrality as guiding principles, and contrary to popular belief, they 
never represented a fully articulated formal organizational blueprint for universities 
in Germany or elsewhere, nor did they mostly spring from Wilhelm von Humboldt 
the person, nor were they part of one concisely-derived model arising from a single 
university at a single point (e.g., University of Berlin founded in 1810) (Ash 2006). 
Nevertheless, over a long developmental period influenced by many thinkers and 
educationalists at a number of universities primarily in German-speaking regions, 
there was something substantial and appealing enough in these guiding principles 
to lead to what is now referred to as the “research university,” an organizational 
form of advanced education and knowledge production assumed to have contrib-
uted to the country’s pre-eminence in science over the 19th century and facilitating 
the take-off of the century of science (Rüegg 1999; Lenhardt 2005; Meyer 2017). 
Slowly evolving out of the Western university from the 14th century, these German 
forerunners to the contemporary research university were sporadically established 
from the mid-18th century and then were gradually joined by a steady founding of 
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new ones. Over the 18th century, 13 universities based on these ideas to one degree 
or another were established. By the beginning of the early 19th century, the forma-
tion of such universities had become routine.

This early development meant that Germany entered the century of science 
with functioning research universities that enjoyed enough academic freedom and 
the integration of education and inquiry to fashion significant capacity to generate 
new science. On the eve of the take-off of the small science phase in 1900, Ger-
many already had approximately 30 research universities whose faculty members 
were publishing STEM+ papers in a growing set of journals operating much like 
the contemporary scientific journal, often published in German. This was the largest 
set of research universities in a single country, since, for example, the United States, 
with 25 percent more population, would not have over 30 research universities until 
the 1920s (Fernandez and Baker 2017). As would be expected, the two world wars 
and the National Socialist regime along with the 1930s world economic depression 
shattered Germany’s pre-eminence in science. Already by 1931, for example, and 
through to 1939 more than 3,000 scientists—approximately 40 percent of all scien-
tists in German universities—were forced to leave their positions because of Jewish 
heritage or oppositional political affiliation (Köhler and Naumann 1994: 652). As 
shown in Fig. 1, by 1940 the devastation of human and capital resources plus ideo-
logical purges and collusion rendered only 24 of its universities—with weakened 
capability—still publishing basic science in the world’s leading journals. Immedi-
ately following WWII though, and then on into the big science phase, the university, 
based on the principles of its forerunners’ integration of teaching and research, was 
reestablished. Over the 1960s the Federal Republic founded research-active univer-
sities en masse, so that seven new higher education organizations opened their doors 
in 1962, and another four did in 1964. The early 1970s saw the most dramatic expan-
sion, with five founded in 1970, 34 in 1971, and seven each in 1973 and 1974. Even 
though the German Democratic Republic did not generate many STEM+ papers 
published in Western journals, after reunification in 1990 growth in doctoral degree-
granting research universities increased in this region as well. In 2010, Germany had 
142 research universities, over one-third as many as in the U.S. with by then four 
times more population.3

The German form of the research university, more or less based on the Hum-
boldtian principles, enjoys a mythical reputation globally, yet its historical reputa-
tion is considerably greater than the long-term realization in its country of origin. 
Ironically the re-establishment of research universities after WWII suffered through 
underfunding and policies to separate teaching from research. Massive tertiary edu-
cational expansion, particularly since the 1960s, established a pattern of chronic 
underfunding, instead of enrollment-induced equivalent investments that expanded 

3 East Germany, in line with USSR science policy, adopted state-controlled research academies and 
did not contribute much to western STEM+ journals. Between 1950 and 1990, the total growth rate in 
STEM+ paper publication was due mostly to West German-based organizations. The East German sys-
tem, based on an academy model, provided suboptimal conditions for science production (see Mayntz 
1994; Gläser and Meske 1996).
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research capacity in other countries’ higher education systems (Naumann 1990; 
Pritchard 2006; Baker and Lenhardt 2008). Increased teaching loads have over-
shadowed research as rising student enrollments were not accompanied by propor-
tional increases in hiring of professors or senior research staff. Universities seem 
trapped in a zero-sum dilemma between using set funding allotments for both teach-
ing and research expenditures, and as pressure from the former rose with expansion 
of enrollments, the latter has suffered (Schimank 1995; Hüther and Krücken 2018). 
After the onset of the massification of tertiary education in the 1960s, research uni-
versities have steadily been taxed with educational tasks such as training approxi-
mately two-thirds of the country’s total postsecondary enrollment and generating a 
high PhD graduate rate, both among the highest rates of all developed national post-
secondary systems (OECD 2017). Further de-integration of teaching and research 
occurred through the establishment of universities of applied sciences (Fachhoch-
schulen), devoted more to teaching in technical fields (not PhD granting) than 
research. Academically drifting, the Fachhochschulen have gradually increased their 
participation in research, mostly in collaboration with industry on applied problems 
(Teichler 2005; Kaiserfeld 2013).

Arguably, the major reason behind this historical paradox is the parallel devel-
opment and rise in stature of the research institute devoted solely to scientific dis-
covery. In 1911, the Kaiser Wilhelm Society was created as a prominent associa-
tion of eventually 21 research institutes resourced initially with private funds from 
industrialists and with considerable legitimation and prestige granted directly 
from the monarchy. Innovative university-industry research collaborations leading 
to institutes independent from universities were already occurring, such as Justus 
Liebig’s 1840 research laboratory at the University of Gießen, and later Carl Duis-
burg’s scientific leadership at Bayer AG (Woolf 1984; Rohrbeck 2010). In contrast, 
the Kaiser Wilhelm Society was founded at the core of Wilhelmine Sammlungspoli-
tik (the politics of national cohesion), essentially at the “institutional apex to con-
centrate the intellectual achievements of the German nation” (Peacock 2016: 101). 
With the fall of the German Empire in WWI, these institutes carried on as part of 
the attempt to rebuild German science and later colluded with the National Social-
ist regime, including criminally providing technical assistance for the machinery of 
the Holocaust and other atrocities. After WWII, the society was disbanded and its 
administrative leaders were tried and imprisoned; then, with clearer legal autonomy 
from political involvement, this form served as the precursor to the institutes of the 
Max Planck Society (Max–Planck–Gesellschaft, hereafter MPS) (vom Brocke 1996, 
1999; Heim et al. 2009).

Including some research services for industrial applications, the MPS model of an 
independent research institute was followed in 1949 for applied sciences by institutes 
of the Fraunhofer Society (Fraunhofer–Gesellschaft zur Förderung der angewandten 
Wissenschaften); in 1969 for basic and applied research by the Leibniz Association 
(Wissenschaftsgemeinschaft Gottfried Wilhelm Leibniz); and, in 1995 for large-scale 
infrastructure by the Helmholtz Association (Helmholtz–Gemeinschaft Deutscher 
Forschungszentren) (Helmich et  al. 2018). With maturing mega-science, Germany 
significantly founded and funded more institutes with researchers publishing in lead-
ing STEM+ journals, rising from 6 in 1970 to 179 in 1990, and to 427 by 2010. And 
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unlike universities, since institutes mainly do research, their considerable interlocking 
federal and state funding allocations are solely dedicated to scientific ends, often ori-
ented to the cutting-edge in specialist fields (see Schimank 1995; Braun 1997).

If the Humboldtian ethos of Bildung culturally permeated the development of the 
research university, then the related ethos of the “genius” infused the development 
of the institute. And while each ideal’s implementation over the 20th century led to 
a different path, they stem from a shared source (Watson 2010). Like the holder of 
a chair-professorship once representing the pinnacle of intellectual preeminence for 
an entire academic field in the German and European university, the raison d’etre 
and organization of the institute were, and still are, to maximize the contributions of 
an identified scientific genius, ideally in the prime of a career, sitting at its head as 
director and built around him or, rarely, her (Zippel 2017).4 This has become known 
as the “Harnack principle,” named after Adolf von Harnack, the first president of the 
Kaiser Wilhelm Society, and is the embodiment of this genius ethos of the country’s 
research institutes (Vierhaus 1996). More valued even than maintaining a rational-
ized topical differentiation of science across institutes, the Harnack principle organ-
izes the founding and ending of specific institutes built around selected individual 
scientists, so if there is no new genius in a particular field (or more likely, the former 
one retired), the rationale for “his institute” erodes. Softened, the ethos neverthe-
less lives on; note how a contemporary report from the DAAD (German Academic 
Exchange Service) describes the institutes of the MPS: “The scientific attractive-
ness… of the Max Planck Institutes are built up solely around the world’s leading 
researchers, who themselves define their research priorities and are given the best 
working conditions” (Bode 2015: 38). A director not only has full power over hiring 
scientific staff and allocating research budget, he or she has full authority over the 
course of science of the institute (or a department of a larger institute). The institute 
form was not meant to be a wholly different organization for doing science; in many 
ways it simply extended one part of the original design of the university: the profes-
sor as autonomous generator of new knowledge. The Harnack principle, along with 
steady flows of significant resources, however, imbues the country’s institutes with 
autonomy and a celebration of excellence well beyond that enjoyed by the research 
university. From striking, architecturally unique buildings to unabashed self-celebra-
tion of its ethos, the institutes capture considerable scientific resources and prestige, 
thus perpetuating the logic of the dual-pillar research policy (Peacock 2016).

Data and Methods

Publication Data

The data analyzed here are STEM+ journal publications with at least one author 
based at a German university or institute in the decennial years from 1950, by which 

4 Reflecting well-known gender discrimination in science, the German institute system has been particu-
larly slow to “identify” female geniuses (Zippel 2017).
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time the post-WWII institutes began to be a significant part of the formation of the 
dual-pillar policy, to 2010, and with later starting years for some indicators due to 
data availability. Despite the increasing role of conference proceedings, reviews, 
letters, and now direct online sharing of results in some disciplines (e.g., physics 
sub-fields), the peer-reviewed, STEM+ research article published in an established 
journal remains the most central record of science to assess sector contributions to 
national productivity, and is often the foundation for other scientific outcomes, such 
as patents and applications (Wible 2017).

A total of 176,809 analyzable STEM+ publications is derived from two sources. 
First, from the decennial years from 1980 to 2010 (and 2005), data originate from 
Thomson Reuters (now Clarivate Analytics) Web of Science “Science Citation Index 
Expanded” (SCIE) of about 12,000 leading journals that regularly attract over 95 per-
cent of all citations and represent approximately a quarter of all published research 
serials in all languages worldwide (Adams 2013). For each publication, the data 
include date, title, journal title, authors and their affiliations, journal impact fac-
tor (JIF), and STEM+ sub-field. To address inevitable inconsistencies across author 
addresses, such as “Univ of X” versus “University of X,” verification and recoding 
of author affiliations and addresses were completed based on historically consistent 
codes for all of the country’s universities and other organizations with scientists pro-
ducing STEM+ journal publications. Verification analysis revealed that from 1980 to 
2010 the Web of Science coverage of journals was comprehensive, with low rates of 
missing information on articles and authors’ affiliations and addresses; furthermore, 
these data match supplemental estimates from some of Elsevier’s Scopus, the other 
major database analyzed in bibliometric research (Glänzel 2016). Second, Clarivate 
Analytics’ data prior to 1980 includes a comprehensive database with lists of journals 
and research article publications; however, country and organization affiliation infor-
mation are substantially missing. To address this, a sample of publications was drawn 
and project coders obtained original print copies and extracted author affiliation and 
city and country information. Using the Clarivate lists for 1950, 1960, and 1970 as the 
sampling frame, a stratified two-stage sample of journals and then research publica-
tions in journals was drawn for each decennial year, with strata of four journal topic 
categories (Science, Technology, Health, and Other), and of leading journals pub-
lished in English, German, French, and Russian. Then 5 percent (or 30 titles, which-
ever was greater) of journals were randomly selected by strata, and from each sam-
pled journal, 30 research publications (or all if less than 35) across the annual issues 
were randomly selected. Each fully coded publication was then weighted based on the 
reverse probability of being selected through the two sampling stages to represent the 
sampling frame of total publications in 1950, 1960, and 1970. These were joined with 
the 1980 to 2010 data (see Powell et al. 2017b for further details about the sampling 
method).
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Indicators of University and Institute Sector Productivity

All indicators are calculated with the standard whole count method, where the uni-
versity or institute sector total is increased by one for any publication with at least 
one author affiliation within that sector. Compared to the fractional counting method 
(fractions of publications counted by sector), appropriate for situations of high cross-
sector collaboration, when collaborations between sectors are few, the whole count 
method yields essentially the same totals with minor inflation (Gauffriau et al. 2008; 
Havemann 2009; Lin et al. 2013). In these data, prior to 2000 university-institute 
collaboration occurred on less than 3 percent of STEM+ publications, increasing 
to 12 percent in 2010. A comparison of selected analyses between whole count and 
fractional count methods in the later decennial years found no differences in main 
trends and conclusions.

Seven indicators of national science production and productivity, dimensions of 
“mega-science” style productivity, and efficiency are calculated for various decen-
nial years:

Total STEM+ Publications, 1950–2010.
Total STEM+ Publications by quartiles of journal impact factor, 1980–2010 
(1980, 1990 back-coded from scores first calculated in 2000).
Total STEM+ Publications Subfield of journals’ topic classified by Clari-
vate’s WoS platform as General Science, Technology, Agriculture, Health, and 
Other, 1980 and 2010.
High-Impact Journals10 Publications in just the highest decile of journal 
impact factor, 1980–2010.
High-Impact Journals25 Publications in just the highest quartile of journal 
impact factor, 1980–2010.
International Collaboration Publications STEM+ publications with authors 
researching in at least two countries, 1970–2010 (1970 began an escalated 
trend worldwide).
Efficiency STEM+ for 2005 (the only year personnel data for institutes are 
available) university sector total STEM+ publications divided by total STEM+ 
faculty in the university sector (FTE’s, as per Kreckel 2008), and the same 
ratio for scientific personnel (FTE) in all institutes, and another for just the 
assumed most prestigious MPS (excluding non-STEM+) institutes’ personnel 
(FTE).
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Analytic Approach

Since the dual-pillar policy has resulted in functional differentiation between sec-
tors with the logical implication that institutes would evidentially eclipse the uni-
versities as the foundation of science production (see Powell and Dusdal 2017a, b; 
Dusdal 2018), this expectation is examined by comparing each sector’s total contri-
bution to the estimated combined total of publications (Total STEM+ Publications) 
over the time period. Then, we compare each sector’s contribution to publications 
of varying quality as indicated by journal impact factor (Total STEM+ Publications 
Quartiles). Since the two sectors differ in size of total scientific personnel that is 
addressed in the efficiency analysis below, the first analysis of each sector’s aggre-
gate production is in line with the intentions of dual-pillar policy that would be oth-
erwise not revealed by an efficiency ratio. Of course, all analyses are contextualized 
by sector size to the degree possible. Then, to assess the dual-pillar policy’s goal 
of advancing science production through sector differentiation, each sector’s histori-
cal timing of incorporation of mega-science production trends is compared on: (1) 
publications of highest quality (High-Impact Journals10 Publications); (2) subfield 
diversity of publications (Total STEM+ Publications Subfield); and, (3) publication 
through international collaborations (International Collaboration Publications) over 
the period. The analysis of the efficiency question estimates a publication rate per 
scientific personnel across the two sectors (Efficiency STEM+). Even though nei-
ther the umbrella associations of institutes nor the Federal Ministry of Education 
and Research (Bundesministerium für Bildung und Forschung) maintain annual 
aggregated data on scientific personnel, we obtained personnel estimates from 
all institutes and for the most research-intensive MPS institutes for 2005. Lastly, 
employing the foundation and efficiency approaches for more detail, the one-year 
efficiency results are then combined with total publications to estimate what hypo-
thetical expansion or reduction in scientists across the two sectors would yield for 
the nation’s future output of STEM+ publications.

Results

Did Institutes Surpass Universities in Producing Most of Germany’s Total STEM+ 
Publications?

Across the seven decennial years from 1950 to 2010, scientists working in research 
universities and institutes published an estimated 176,809 STEM+ publications, of 
which 84 percent were authored by at least one university-based scientist. As shown 
in Fig. 2, as more institutes were created in the 60 years since 1950 there is some 
eclipsing of the universities’ significant share, which declined from 91 percent of 
publications in 1950 to 72 percent by 2010. And STEM+ publications with at least 
one institute-based scientist increased at an annual mean growth rate of 6.9 percent 
since 1990 compared to 3.7 percent by university scientists, a rate higher than the 
mean international rate over the same period (Zhang et al. 2015). Nevertheless, the 
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scale of production and motivation to produce science by universities continues to 
be significant, so that in 2010 university-based scientists produced over 55,000 pub-
lications compared to 21,000 by institute-based scientists. From 1970, when insti-
tutes began to generate meaningful levels of productivity, to 2010, for every publica-
tion written only by institute scientists there were more than three written only by 
university scientists, which is approximately the same estimated ratio of university 
to institute scientific personnel in 2005. Also, as noted, collaboration between scien-
tists across the sectors is minimal for most of the period; 12 percent of all papers in 
2010.

Sector shares relative to journal impact factor indicate each one’s impact on the 
volume of varying quality of publications as shown for the year 2010 in Fig. 3. Pro-
portional to their overall publications share, both sectors contribute to journals at all 
quality levels. Institutes publish a higher share of their publications in the highest 
quartile (55 percent) and less in the lowest (8 percent) than do universities (43 per-
cent in Q1 versus 16 percent in Q4). Further, institutes have grown their placement 
in high quartile journals by a rate of 7.5 and universities by 6.3 since 1980 (data not 
shown in Figure). The much larger university share of science production overall 
means that, for example, of the approximately 34,000 STEM+ publications in jour-
nals with the highest JIF (Q1) in 2010, university scientists produced two for every 
one by institute scientists; a ratio that only modestly increased towards institutes 
since 1980. And the same is true at the other end of the quality scale, with university 
scientists publishing just under three for every one by institute scientists in lowest 
quartile journals  (Q4), but the institutes’ growth rate in lower quality journals has 
been larger than the universities since 1980. Lastly, institutes and universities both 
published about a quarter of their papers in journals in the second quartile  (Q2), 
while universities publish more in the third quartile (Q3) than do institutes.

Fig. 2  STEM+ Publications (Whole Counts) from Universities and Research Institutes, and University 
Percentage, 1950–2010. Source SPHERE project database of SCIE publications (Clarivate Analytics’ 
Web of Science)
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Did Institutes Adopt Key Characteristics of Global Mega-Science Production Before 
Universities and Eclipse them in these Practices?

One of three central features of global mega-science production is sustained com-
petition to achieve high-quality scientific discovery and hence to publish in journals 
with the highest JIF. Focusing on just the highest decile, Fig. 4 shows that more or 
less consistently since 1980, university scientists have produced just over two-thirds 
of these papers. In 1980, universities published over 1,100 highest quality STEM+ 
publications, while institutes produced just over 500. And from 2000 on, institutes 
and universities grew these kinds of rarer publications at about the same rate of 1.8 
percent and 1.5 percent, respectively.

A second feature is diversity in science production. As shown in Fig. 5, institutes’ 
publications have been primarily published in the general area of science journals, 
while universities have considerably greater diversity in topics since the 1980s. Par-
tially attributable to university-affiliated hospitals and medical centers, by 2010 uni-
versity-based scientists were publishing over four out of ten publications in journals 
with topics other than general science, including almost a third in health-medical 
journals, just under 10 percent in technology journals, and 4 percent in agricultural 
journals. In the same period, institute-based scientists published about three-quar-
ters of their publications in general science, and about 10 percent each in health and 
technology journals.

The final feature is engagement in international collaborations. As shown in 
Fig.  6, by 1970 university-based scientists were already producing nearly all of 

Fig. 3  Percentage of University and Research Institute Publications (Whole Count) by Quartiles of Jour-
nal Impact Factor, 2010 Proportional to Sector Share. Source SPHERE project database of SCIE publica-
tions (Clarivate Analytics’ Web of Science)
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the nation’s international collaborations and by 1980 were doing so at double the 
world’s average rate of 2 percent. Ten years later, international collaborative publi-
cations by institute scientists had grown to about one-third, and this ratio remained 
nearly consistent for the rest of the period. Also, both sectors grew international col-
laborations steeply from 1990, with institutes growing slightly faster (8 percent) than 
universities (7 percent) from 2000 to 2010, a mega-trend that continues to advance 
rapidly (see e.g. Powell 2018; Dusdal et al. 2019).

Are Institutes More Efficient than Universities in Science Production?

For 2005, an estimate of scientific personnel size indicates that there were approxi-
mately three university scientists for every institute scientist; and, the ratio of the 
total number of publications per scientist at all institutes is 0.57, and 0.77 at just the 
Max Planck institutes, while for universities the ratio is 0.51 (see also Bornmann 
et al. 2012; Helmich et al. 2018: 20).5 Therefore, assuming the higher MPS rate of 
production, for institutes to produce the approximately 32,000 additional publica-
tions it would have taken to equal total university production in 2005, institutes 
would have required 63 percent more scientific personnel.

Fig. 4  Totals and Percentage of University and Research Institute Publications (Whole Count) in High-
est Decile of Journal Impact Factor, 1980–2010. Source SPHERE project database of SCIE publications 
(Clarivate Analytics’ Web of Science)

5 For all papers, we note that because the obtained personnel counts of both pillars mix scientists at all 
levels of career development, from post-doctoral fellows and technicians with doctorates to senior inves-
tigators with established labs, there is likely a wide dispersion around these mean ratios.
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Discussion of Results

The results support two observations. First, as the dual-pillar policy approach would 
have it, the institute sector has been very successful in contributing to the nation’s 
scientific output reflected in STEM+ publications. It has grown logarithmically to 
publish just over 30 percent of the total, including a third of higher quality pub-
lications. Also, institute science took on the qualities of mega-science production 
with about a third of the nation’s publications in the top decile of journals, some 
increased diversity across scientific sub-topics, and growing international collabora-
tions, at least since 2000. Lastly, there is some evidence that institutes are efficient. 

Fig. 5  Proportion of University and Research Institute Publications (Whole Count) by Journal Topics of 
Science, Technology, Agriculture, Health and Other. 1980 and 2010 Proportional to Sector Share. Source 
SPHERE project database of SCIE publications (Clarivate Analytics’ Web of Science)
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Given this sector’s superior financial, recruitment, and working conditions, this per-
formance may well be expected. But does this success mean that a full dual-pillar 
structure is emergent and institutes will soon mostly surpass universities in research 
productivity? Or that the institutes produce the vast majority of publications in high-
est quality journals? Or that universities have been less involved in mega-science 
style production and, also given their substantial other functions like education, 
woefully inefficient?

Since the answer is thrice no, the second observation is that universities have, 
despite the rapid increase in higher education enrollments, yet without proportional 
increases in infrastructural funding, successfully maintained their key research role. 
They are the major base for the nation’s science production, even with the develop-
ment of a significant institute sector (see a similar conclusion based on the two-year 
comparison by Heinze and Kuhlmann 2008). It is true that since 1990 the institutes’ 
growth rate in total publications is higher, but the universities’ rate of logarithmic 
growth of a larger base is higher than the mean international rate over the same 
period, which, as noted, is mostly based on universities worldwide. Institutes have 
proportionally published more in the highest quartile of journals and less in lower 
impact journals, but universities are responsible for two-thirds of all top decile jour-
nal publications, growing these rarer publications at about the same rate as insti-
tutes. While institutes are involved in mega-science trends, scientists at universities 
were likely doing so with greater participation earlier. This is obviously the case for 
diversification of sub-topics and international collaborations, and perhaps less so for 
top decile journal publications with universities and institutes already at a stable 2 to 
1 ratio by 1980. Institute scientists doing full-time research are likely more efficient 

Fig. 6  International Collaboratively-authored Publications (Whole Count) from Universities and 
Research Institutes, and University Percentage of Total International Collaborations, 1970–2010. Source 
SPHERE project database of SCIE publications (Clarivate Analytics’ Web of Science)
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than university faculty who also have significant non-research responsibilities, but 
not by much, except when compared to the subset of researchers at highly resourced 
Max Planck institutes. Even then, at an additional quarter of a publication per scien-
tist, the difference is not that large. Indeed, for the institute sector to totally replace 
the university sector’s output, we estimate it would require more than doubling an 
already extremely large funding stream.

Instead of an image of dual pillars, the more accurate image of the two sectors’ 
relative historical performance is that each produced approximately similar publi-
cation records relative to their size. The creation of institutes has added research 
capacity and this sector published more of the nation’s higher quality publications 
than its size would predict, at least by 2005 for which there is data on their person-
nel. At the same time though, evidence that production from institutes is qualita-
tively different in proportional contribution or mega-science style from that of the 
larger university sector is not overwhelming. Of course, as with all assessments 
of scientific productivity, the choice of indicators and data comes with limitations 
(Gingras 2016). Obviously, the volume of peer-reviewed journal  research publica-
tions, plus journal impact, subject diversity, and international collaboration does not 
entail a full evaluation of scientific production and productivity, and each has known 
deficiencies as an indicator (Lin, Huang, and Chen 2013). Nevertheless, these data 
do provide the first broad historical comparison from which to assess the impact 
on the nation’s science output; the used indicators are reasonable and so the results 
likely do reflect main trends.

Conclusions

As successful as the institutes have been, universities have, nevertheless, formed the 
bedrock upon which Germany reestablished so much of its scientific prominence 
among the highly competitive European and global science systems since the nadir 
of 1945. By the beginning of maturing mega-science in the 1980s—well before 
the much-touted emergence of China and other leading science producers in East 
Asia—it was European-based science that reemerged to rival U.S. domination. As 
the results indicate, German universities were key to this revival. Even in a country 
with arguably the world’s best organized, funded, and prestigious system of inde-
pendent research institutes—one in which universities were viewed and treated prin-
cipally by many as primarily providers of higher education and professional train-
ing—research universities continued to provide the majority of publications. They 
have played the major role in securing Germany’s pathway to the forefront of mega-
science trends.

In terms of the success of research institutes, the dual-pillar policy has certainly 
worked, yet it has, thus far, come with the cost of what may be considered an under-
appreciation of what universities have, and still do, accomplish in terms of research 
and intergenerational transmission of knowledge as foundational for the entire sci-
ence system. The assumptions driving this policy led to a kind of myth of separate 
functionality that belies the actual record of the nation’s renewed rise to prominence 
in science during the latter quarter of the 20th century. Like in other scientifically 
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productive nations, Germany’s research universities do undertake most of the train-
ing of scientists. As in most other nations, these universities contribute the largest 
share of STEM+ publications and are heavily engaged in mega-science style pro-
duction. Except with the addition of a successful institutes sector, the empirical 
trends in Germany are not very different from global ones in which the research 
university has intensified its centrality in science production (Zhang et al. 2015).

The key reason for this is the robustness of the organizational  form of the 
research university, based on the very model that Germany was so instrumental in 
establishing. As noted above, the fact that, worldwide, the research university is the 
core source of mega-science STEM+ publications is in part attributable to the early 
German and Central European innovations of integrating knowledge production and 
advanced scientific training, which was then intensified in the U.S. (Baker 2014; 
Brint and Carr 2017; Owen-Smith 2018), and is  now globally emulated. Counter 
to earlier predictions of the decline of universities in new science production, this 
model has proved very durable and is at the core of the now approaching two million 
annual journal publications from all world regions (Powell et al. 2017a, b). Research 
universities are the world’s core organizational form in providing the platform for 
exchange among members of all other organizational forms: they are autonomous; 
benefit from intergenerational exchange and the insights, energy, and ambitions of 
young scholars; connect the broadest possible array of disciplines; and are deeply 
embedded in the global networks that facilitate the essential collaborations leading 
to innovation in today’s scientific communities (Dusdal et al. 2019).

As a country with substantial research investments in another organizational 
form, the contemporary German case enhances this argument by adding several cru-
cial pieces of evidence about the centrality of the university in the formation and 
rise of global mega-science (Baker and Powell forthcoming). One is the relative suc-
cess of universities, even within an intentionally bifurcated research policy. Perhaps 
the largest unintended consequence of this policy is that the current German uni-
versity’s research environment is neither structured nor funded along the lines of 
full implementation of the emerging global model. The dual-pillar myth undergird-
ing contemporary research policy devalues what universities can do for scientific 
advance. Nevertheless, the analysis indicates the efficacy of the research university 
model even when sub-optimally supported, as Germany’s substantial scientific con-
tributions fundamentally rest upon its universities (Dusdal 2018). Universities, for 
example, may be better situated than institutes to leverage graduate students and 
post-docs and even undergraduates for research purposes; to create motivation and 
some efficiency in environments requiring both teaching and research; and, to better 
absorb mediocrity or to create pressures for excellence, especially as the Excellence 
Initiative, with relatively meagre funds, emphasizes competition among relatively 
equal universities.

Similarly, while the German case is perhaps extreme in its rhetoric and funding 
implications, its logic nevertheless continues to appeal. Indeed, recent research pol-
icy in France also addresses the gaps between universities and research institutes—
understood as problematic—especially the relationship between CNRS laboratories 
and universities, still viewed primarily as teaching-oriented, in both funding levels 
and prestige (Robin and Schubert 2013; Musselin 2017; Powell and Dusdal 2017a, 
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b). Even in the U.S., where the research university dominates science production, 
through the small science and big science phases, a reoccurring countertheme lob-
bied for focused funding mostly to the “best and brightest” scientists in dedicated 
environments, often with reference to early 20th century European nations (Brint 
and Carr 2017; Fernandez and Baker 2017).

Other evidence includes the interaction of the dual-pillar policy and the com-
paratively late mass university enrollments. A less-appreciated causal element in 
research universities’ success in the U.S. and then elsewhere is that it coincided with 
growing proportions of young adults entering post-secondary education. As demand 
for access to universities grew and intensified, nations responded in various ways 
(public, private, and combinations) by expanding universities, resulting in growth 
(and motivation) of science-producing faculty and related graduate training. This 
is one chief reason why the U.S. had over 200 STEM+ productive universities by 
1980, while Germany’s university expansion occurred later and less rapidly than in 
many other high-income nations (Hüther and Krücken 2018: 48; Baker and Pow-
ell forthcoming). And even in light of excellence initiatives among universities, the 
dual-pillar policy may have restrained the substantial scientific dividend from post-
secondary expansion that occurred in other countries such as South Korea, China, 
and Taiwan.

Lastly, as is too often taken-for-granted, in German educational and scientific 
fields, dual structures are culturally maintained, leading to stratification and institu-
tional impermeability—whether differentiated school types in secondary education, 
the durable “schism” between vocational training and higher education (Powell and 
Solga 2011; Baethge and Wolter 2015), or the dual-pillars policy examined here. 
And such a culture can limit both sides of a dual structure. For example, even though 
institutes themselves have recently “academically drifted” towards some integration 
of doctoral education, it may not go in both directions since recent efforts to support 
cross-sector collaboration have had only weak success (i.e., 12 percent of 2010 pub-
lications), in overcoming challenges of limited funding, incompatible organizational 
missions and working cultures, and differential status and access to facilities (Heinze 
and Kuhlmann 2008; Dusdal 2018). Again, the dual-pillar approach perpetuates a 
separation that ultimately may not be the best for the nation’s science productivity in 
both sectors into the future.

The historical arc of these results also has policy implications. Investment in 
institutes yields significant science production in both quantity and quality. Yet, if 
the dual-pillar model from which it springs leads to research policy providing lower 
university funding levels and lessens effective research conditions in universities, 
it may not be optimal for a nation’s total scientific output. By reducing the qual-
ity and autonomy of scientists as competition for university-based postdoctoral and 
professorial positions continues to rise, it may also reduce the necessary organiza-
tional capacity to produce the next generation of scientists. While a more Machia-
vellian attitude towards the results from universities might be that they “can achieve 
plenty with less,” this, in our view, is ultimately shortsighted. Research policy must 
attend to dilemmas of resource distribution, emphasize university and institute 
strengths, and delve deeper into increasingly important questions of collaboration 
across organizational, disciplinary, and cultural boundaries. What costs in terms 
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of scientific production did the weakening of the innovative integration of research 
and teaching at the heart of the research university have? What consequences would 
improved funding and working conditions for all of Germany’s universities, instead 
of solely those that succeed in the Excellence Initiative, have?

Based on our results, the dual-pillar research policy of stratification of 
research  institutes and research  universities and limited funding of university 
infrastructure and research seems questionable in the era of university-dominated 
global mega-science. Certainly, in Germany and elsewhere, research institutes con-
tribute to a differentiated and highly productive science system, yet perhaps with 
unintended negative consequences, such as valid criticisms about precarious career 
chances of the middle tier of young scientists on temporary contracts (Peacock 
2016). The results indicate that in reality there is no complete differentiation in the 
functioning of Germany’s science system. Research universities train young scholars 
and produce most of the STEM+ research, as reflected in the peer-reviewed arti-
cles appearing in leading journals. In an age of exponentially growing collaboration, 
the question of utility of the dual-pillar model and its policy implications should be 
explicitly addressed. Perhaps Germany’s already major science production could be 
further increased were its universities given resources (human, material and pres-
tige) to fully implement the globally productive research university model that its 
own early universities inspired around the world.
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