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Chapter 4

Transdisciplinary research: How much is academia
heeding the call to work more closely with societal
stakeholders such as industry, government, and
nonprofits??

3 This chapter is based on:

Purnell, P. J. (2024). Transdisciplinary research: How much is academia heeding the call to work more
closely with societal stakeholders such as industry, government, and nonprofits?
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Abstract

Transdisciplinary research, the co-creation of scientific knowledge by multiple stakeholders, is
considered essential for addressing major societal problems. Research policy makers and academic
leaders frequently call for closer collaboration between academia and societal stakeholders to address
the grand challenges of our time. This bibliometric study evaluates progress in collaboration between
academia and three societal stakeholders: industry, government, and nonprofit organisations. It analyses
the level of co-publishing between academia and these societal stakeholders over the period 2013-2022.
We found that research collaboration between academia and all stakeholder types studied grew in
absolute terms. However, academia — industry collaboration declined 16% relative to overall academic
output while academia — government and academia — nonprofit collaboration grew at roughly the same
pace as academic output. Country and field of research breakdowns revealed wide variance. In light of
previous work, we consider potential explanations for the gap between policymakers’ aspirations and
the real global trends. This study is a useful demonstration of large-scale, quantitative bibliometric
techniques for research policymakers to track the impact of decisions related to funding, intellectual
property law, and nonprofit support.

Keywords

Transdisciplinary research — research stakeholders — industry — government — nonprofits

4.1 Introduction

The co-creation of knowledge focusing on complex social problems by multiple stakeholders has
become known as transdisciplinary research (Hernandez-Aguilar et al., 2020) and is ideally suited to
address issues that transcend scientific disciplines (Hirsch Hadorn et al., 2006). Research policymakers
have recognised the potential of transdisciplinary research in tackling complicated societal challenges
and frequently advocate greater research cooperation between academia and industry (Banal-Estafiol et
al., 2015; National Institutes of Health, 2012, 2013) citing important contributions to the economy and
demonstrable benefits to all stakeholders (Lee, 2000).

Academic leaders recognise this potential and frequently call for closer collaboration with industry to
bring together the ‘cleverest scientists and the smartest entrepreneurs’ (e.g., The Russell Group of
Universities, 2023) and motivate their own academics to pursue partnerships (e.g., ETH Ziirich, 2024).
Large, prestigious academic institutes see such collaborations as markers of success (e.g., Tsinghua
University, 2024), and appeal directly to industry stakeholders to initiate partnership proposals (e.g.,
Stanford University, 2024).

In parallel, collaboration between academia and government is seen as an effective method of
transferring subject matter expertise to policymakers through appointing academics onto advisory
boards or hiring them into dual employment positions (Glied et al., 2018; Haddon & Sasse, 2019).
Meanwhile nonprofit organisations are increasingly working in partnership in sometimes chaotic, but
nevertheless crucial partnerships with academia and other public bodies to address complex social,
environmental, and economic problems (Cornforth et al., 2014). In each of these tandem arrangements,

78



the potential of transdisciplinary research to address complex challenges facing communities is the
driver behind the collaboration.

When the three stakeholders: academia, industry, and government work together, the collaboration is
known as the ‘triple helix’ (Etzkowitz & Leydesdorft, 1995; Leydesdorft, 2003). The resulting inter-
stakeholder co-creation of knowledge is said to offer benefits over the same sectors working in isolation
(Etzkowitz & Leydesdorft, 2000) and has been proposed as an effective method of addressing the grand
challenges of our time. The model has been extended to include representatives of civic society such as
nonprofit organisations and the configuration of all four stakeholders working together is known as the
quadruple helix (Arnkil et al., 2010).

Despite all the calls for a shift towards transdisciplinary research and inter-stakeholder collaboration,
there is little evidence of progress on a global scale. Much of the literature on transdisciplinary research
has focussed on the concept, definition, and the precise relationship between the stakeholders using
case studies rather than the resulting research output (Carayannis et al., 2014; Marijan & Sen, 2022).
Some studies have quantified papers that include the term ‘transdisciplinary research’ (Hernandez-
Aguilar et al., 2020), however, the mere presence of the term does not mean the paper represents
transdisciplinary research as defined as including contributors from multiple research stakeholders.
Papers that mention transdisciplinary research are therefore not necessarily real examples of
transdisciplinary research.

This study aims to use determine the extent of progress in academic collaboration with three societal
stakeholders: industry, nonprofit organisations, and government over a 10-year period. Specifically, we
will quantify the increase in collaborative publications in both absolute terms and as a share of the
overall academic output. We expect the findings will serve as useful feedback that will help
policymakers determine the success of their calls for greater inter-stakeholder collaboration. We will
also conduct a breakdown of results for each of the collaboration partners by country and by field to
see whether any region-specific or field-specific lessons can be learned.

4.2 Literature review

4.2.1 Modes of research and transdisciplinarity

The application of transdisciplinarity to scientific research accelerated in the 1990s in response to a
perceived disconnect between the scientific community and real-world problems (Hernandez-Aguilar
et al., 2020), “The world has problems, but universities have departments” (Brewer, 1999). Publication
of The new production of knowledge by (Gibbons et al., 1994) was a key moment because the authors
described the distinction between two types of research; traditional ‘Mode 1’ research in which
universities behave autonomously conducting research in strict disciplines and isolation from society,
and ‘Mode 2’ knowledge production through transdisciplinary collaboration by temporary research
teams comprising experts with diverse backgrounds and knowledge.

Transdisciplinarity can be therefore considered a characteristic of mode 2 research (Gibbons et al.,
1994) and its definition is the subject of much debate. Indeed, the lack of a universally accepted
definition may offer an opportunity for evolution of the term and practice with the participation of
stakeholders themselves. A longitudinal study is currently under way to assess the perspectives of
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diverse actors in a transdisciplinary project (Thompson et al., 2017) which may contribute to the debate.
General consensus of the transdisciplinary concept describes scientists working closely with other
society stakeholders to conceive, conduct, and publish research (Mauser et al., 2013), thereby co-
creating knowledge with society, rather than for society (Greenhalgh et al., 2016; Seidl et al., 2013).
Solutions to the grand challenges of our time such as those described by the UN sustainable
development goals (SDGs) (United Nations General Assembly, 2015) will require collaborative
approaches involving diverse stakeholders and decision makers (Hernandez-Aguilar et al., 2020;
Thompson et al., 2017).

4.2.2 Inter-stakeholder collaboration

Many have suggested that university — industry collaboration is good for innovation and the economy
(Savage, 2017) although motivation for industry scientists may be different from that of academics.
Some argue that academics who collaborate with industry researchers may experience a decline in
publication rates because of the company’s interest in protecting research results through patents rather
than publishing it. Czarnitzki et al. (2015) showed that scientists in Germany experience more than
twice as much delay and secrecy, jeopardising publication disclosure of academic research when
projects use industry sponsorship. Perkmann & Walsh (2009) argued however, the type of collaboration
makes a difference and that more basic collaborative projects between university and company
scientists results in increased publication.

The difference between academic and industry scientists may result from early career choices defined
by underlying preferences and professional goals. It has been suggested that scientists driven by a ‘taste
for science’ will more likely opt for a career in academia (Agarwal & Ohyama, 2012) while those who
choose industry are more motivated by financial and other resource incentives along with greater
interest in downstream research (Roach & Sauermann, 2010).

Bikard et al. (2018) observed simultaneous discoveries and found that those resulting from academia —
industry partnerships were followed by effective division of follow-on work with academics dedicated
to publications while company scientists concentrated on protecting intellectual property. University —
industry research collaboration has been found helpful for university lecturers provided it doesn’t
distract them from their main academic research (Manjarrés-Henriquez et al., 2009).

Various studies (e.g., Tijssen et al., 2016) have shown geographical proximity to correlate with
university-industry-government collaboration (Ponds et al., 2007). The closer the company is to the
university, the more likely collaboration occurs, and research is published (Bjerregaard, 2010). In 2009,
(Tijssen et al., 2009) estimated that 7% of scholarly publications featured both university and industry
affiliated authors.

Since the 1990s, the Chinese government has invested consistently in research-intensive universities
(Zhang et al., 2013) and at the same time, private Chinese firms have boosted their investment in R&D
more than state-owned enterprises (Fang et al., 2017). In 2015, the Chinese government implemented
a series of laws and policies designed to enable universities to decide their own technology transfer
strategy, which may have stimulated academia — industry partnerships. Academic institutions’
intellectual property is considered state-owned property, and its potential improper handling was
previously seen as a deterrent to industry collaboration (Zhang & Zou, 2022).
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In a US-China comparison, Zhou et al. (2016) found that Chinese universities are more likely than US
universities to co-author papers with foreign industry partners. Regardless of the motivation and
structure of the partnership, there seems no doubt that academia — industry collaboration is being
encouraged and incentivised around the world.

Nonprofit organisations are increasing held accountable through performance assessment (Lee &
Nowell, 2014), which usually encompasses financial indicators (Kim, 2016), but not output metrics,
which are considered too simplistic (Rey-Garcia et al., 2017). In the book net positive (Polman &
Winston, 2021), former Unilever CEO Paul Polman provides an entertaining personal account of
steering a multinational company through turbulent times. In his view, it is vital for successful
businesses to work hand in hand with government, and civic society to ensure mutual benefit, thereby
prioritizing stakeholder value over shareholder value. Polman sees potential for businesses to address
social challenges but emphasizes the need to do so in cooperation with other stakeholders including
governments, nonprofits, and academia. As our challenges become more urgent and interdependent, we
need to think of new ways of addressing them. Collaboration with nonprofit organisations will be key
to finding solutions and we cannot expect governments, business, or academia to solve these challenges
alone.

Government is the predominant source of research funding for the academic sector in most countries,
and major changes to research funding policy influence academic publication rates, intellectual property
protection, and other innovation indicators (Adams et al., 2005; Beaudry & Allaoui, 2012). The
academic — government research relationship is therefore at least partially based on academics’ use of
government funding grants to conduct research related to its area of interest. Government research
grants are sometimes the result of progammatic, mission-oriented agencies that have a need to
demonstrate immediately useful research findings to achieve specific goals that do not necessarily fit
traditional academic research objectives (Goldfarb, 2008). Data collected by China’s Ministry of
Science and Technology in 2020 showed that government — academia partnerships have been more
successful than other collaboration configurations at business incubation of new R&D institutions
(Zhou & Wang, 2023).

In many industrialised countries, the share of university research funding directly supported through
government grants is falling while industry support is increasing (Auranen & Nieminen, 2010). In the
UK, the government created UK Research and Innovation (UKRI) with the goal of unifying the voice
of academia and improving cooperation with government policymakers (Haddon & Sasse, 2019).
Germany spent 120 billion Euros on R&D in 2022, twice as much as France and amounting to more
than one-third of the entire EU investment, while Switzerland invests 50% more in R&D than the EU
average as a share of its GDP (Eurostat, 2024). Government subsidisation of R&D cooperation has
stimulated innovation efficiency in Germany’s regions (Broekel, 2015) and efforts to incorporate
standardisation into the research and innovation process (Zi & Blind, 2015). Russia’s government
stimulated a competitive university landscape in the 2010s which linked funding to scientific output
and impact (Ivanov et al., 2016).

4.2.3 Triple and quadruple helix models
Increasing interdependence between industry, academia, and government has the advantage of

optimising conditions for creative thinkers to work alongside innovators and entrepreneurs. In 1995,
Etzkowitz and Leydesdorff described the collaborative relationship in knowledge based economic
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development between three stakeholders of innovation, namely universities, industry, and government,
as the ‘Triple helix’ (Etzkowitz & Leydesdorff, 1995), extending the notion of interdependence from
biology. Progressively integrated models see partnership between independent but separate actors
gradually transform into a system of overlapping entities generating tri-lateral networks and hybrid
organisations facilitated by, but not controlled by government (Etzkowitz & Leydesdorff, 2000;
Leydesdorff & Etzkowitz, 1996).

According to Kang et al. (2019), Triple Helix theory was designed for established economies of Europe,
the USA, and other western countries. Kang studied collaboration dynamics between stakeholders in
China’s two main science and technology innovation centres located in Shanghai and Beijing. The study
and others attributed a strengthening cooperation between universities and industry to the shift in focus
of China’s universities from traditional research to an entrepreneurial university model (Kang et al.,
2019; Zhu et al., 2022).

Other stakeholders may also enter the collaboration such as civil society, which extends the model to
form the quadruple helix (Arnkil et al., 2010; Carayannis & Rakhmatullin, 2014), and the environment,
which makes up the quintuple helix. The helix models are not evaluated in this study but may interact
with and influence conclusions drawn from studies of societal stakeholder collaboration with academia
(Carayannis et al., 2020).

Early comparisons of triple helix activity between countries used combined search terms for the local
language translations of the words university, industry, and government (Park et al., 2005). Macro-level
quantitative analyses may offer useful information, but public-private co-publication indicators need to
be valid, reliable, and robust in order to form the basis for policy decision making (Tijssen, 2012).

4.3 Data and methods

4.3.1 Data

We sourced scholarly publications from the Dimensions database because of its broad coverage (Hook
etal., 2018) and because it may index some relevant content not covered by other bibliometric databases
(Paez, 2017; Visser et al., 2021). Specifically, we used the Dimensions database hosted by CWTS at
Leiden University and focused on records published between 2013 and 2022 (10 full years).

The affiliations in Dimensions are mapped on to the Research Organization Registry (ROR)
(https://ror.org/registry/), which defines more than 100,000 research organisations by type. Every
organisation is manually assigned to an organisation type as described in Table 4.1.
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Table 4.1 Organisation types in the Research Organization Registry

Organisation type Description
. A university or similar institution involved in providing education and
Education . .
educating/employing researchers.
Healthcare A medical care facility such as hospital or medical clinic. Excludes
medical schools, which should be categorized as “Education”.
A private for-profit corporate entity involved in conducting or sponsorin,
Company p P p y g or sp g
research.
. An organisation involved in stewarding research and cultural heritage
Archive . o
materials. Includes libraries, museums, and zoos.
A non-profit and non-governmental organisation involved in conducting
Nonprofit .
or funding research.
An organisation that is part of or operated by a national or regional
Government 5 P P Y g
government and that conducts or supports research.
e A specialized facility where research takes place, such as a laboratory or
Facility .
telescope or dedicated research area.
Other Any organisation that does not fit the categories above.

Source: ROR Data Structure

4.3.2 Methods

In order to study the collaboration between stakeholder types, we analysed the author affiliations on the
papers in our dataset. In this study, a paper was linked to a stakeholder type only if a minimum
proportion of its author affiliations were linked to that stakeholder type. In the first analysis, we tested
the effect of setting different thresholds for counting the paper as being authored by a given stakeholder
type. We considered four thresholds: 0% (one single author affiliation), 10%, 20%, and 30% of the
author affiliations in a paper. For the rest of the study, we set the minimum threshold at 20% of the
author affiliations. For instance, if a paper had 10 author affiliations, then it only counted as an academic
paper if at least two of the author affiliations were with academic institutions.

As the vast majority of published research papers feature academic affiliations, we began our study by
retrieving all papers in which at least 20% of the author affiliations were linked to academic institutions.
This was defined as the overall academic dataset. Within the academic dataset, we then identified all
those papers that featured collaboration with another stakeholder type (i.e. academia — industry,
academia — nonprofit, or academia — government). If a paper features a minimum 20% author
affiliations with academic institutions and a minimum 20% affiliations with industry, then it counts as
academia — industry collaboration. Conversely, in the case that a paper with 25 author affiliations
featured only one industry affiliation, it would not be counted as an industry collaboration because the
industry contribution is not sufficient to meet the 20% affiliation threshold. For academic collaboration
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with each of the other stakeholder types, we computed the number and proportion of collaborative
papers for each year in the period 2013-2022.

We then conducted further analyses of academic collaboration with other stakeholder types by country.
We focused on the 25 countries with most academic publications along with the world and European
Union as benchmarks (Table 4.2). In the country analysis, we based the country only on the academic
affiliations. For instance, if a paper features academic affiliations from USA and China, and industry
affiliations from India and Brazil, then it would only count as a paper for the USA and China. This
enabled us to view international collaboration from the perspective of the academic community in a
given country.

Table 4.2 Countries and their abbreviations

Country/territory Abbr. Country/territory Abbr.
United States UsS Russia RU
European Union EU France FR
China CN Iran IR
United Kingdom UK Indonesia ID
Japan JP Turkey TR
Germany DE Netherlands NL
India IN Poland PL
Canada CA Sweden SE
Italy 1T Taiwan ™
Australia AU Switzerland CH
Brazil BR Belgium BE
South Korea KR Malaysia MY
Spain ES Denmark DK

Similarly, we conducted a collaboration analysis for each of the stakeholder pairs (academia — industry,
academia — nonprofit, or academia — government) based on the field of research of the paper (Table
4.3).
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Table 4.3 Fields of research and their abbreviations

Field of Research Abbr. Field of Research Abbr.
gﬁfg:izural’ Veterinary & Food AG Environmental Sciences EV
Biological Sciences BS Health Sciences HS
Biomedical & Clinical Sciences BC History, Heritage & Archaeology HH
Built Environment & Design BE Human Society HU
Chemical Sciences CS Information & Computing Sciences IC
g:rrilg::ce, Management, Tourism & cM Language, Communication & Culture LC
Creative Arts & Writing CA Law & Legal Studies LL
Earth Sciences ES Mathematical Sciences MS
Economics EC Philosophy & Religious Studies PR
Education ED Physical Sciences PS
Engineering EN Psychology PY

For academia — industry collaborative papers, we conducted an additional analysis to identify the
companies most frequently involved in the collaboration for selected countries. We selected the two
countries with steepest growth in relative academia — industry papers, and the two countries with
steepest decline (provided the share of academia — industry papers exceeded 1% of the overall academic
output for that country in 2022). We then identified the eight companies most frequently represented
on the papers coauthored with academia in 2013 and the eight companies most frequently represented
in 2022.

4.4 Results

4.4.1 Minimum author affiliation threshold

Stakeholder participation in collaborative papers was highest when no threshold was introduced, i.e.
when one single author affiliation was sufficient to count a paper as belonging to a given stakeholder
type (Figure 4.1). When 10% author affiliations were required to count the paper as a collaboration the
share of collaborations began to drop. As the threshold of author affiliations for counting papers as
collaborations grew, the share of collaborations dropped as expected. All results presented in the
remainder of the study are based on a threshold of 20% author affiliations.
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Figure 4.1 Share of authors to define stakeholder participation

4.4.2 Collaboration between stakeholders

In Figure 4.2, we show the number of papers that feature affiliations from both academic and industry
organisations as a bar chart. The line graph in the same figure represents the collaborative papers as a
proportion of the overall number of academic papers. While the number of collaborative papers has
grown nearly 40% over the past 10 years, the share of academic papers with industry participation has
dropped by 16%. This can be explained by the even greater growth in academic output that does not
feature industry collaboration.

80,000 2.4%
70,000 2.3%
60,000 2:2%
50,000 2.1%
2.0%

40,000
1.9%

30,000
1.8%
20,000 1.7%
10,000 1.6%
- 1.5%

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

mmm # Academia-Industry Papers % Academia-Industry Papers

Figure 4.2 Academia - industry collaboration

In Figure 4.3, we show the same time series for academic papers that feature co-authors from nonprofit
organisations. We see a similar pattern to the academia - industry collaboration described in figure 4.2.
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The number of collaborative papers between academia and nonprofit (figure 4.3) has grown almost
60% over the past 10 years, while the share of academic papers with nonprofit participation has dropped
slightly. This means the number of collaborative papers between academia and nonprofit sector has
grown slightly less than the overall academic output.

80,000 2.2%

70,000
2.1%

60,000
50,000 2.0%
40,000 1.9%

30,000
1.8%

20,000
1.7%

10,000
B 1.6%

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

. # Academia-Nonprofit Papers e % Aca demia-Nonprofit Papers

Figure 4.3 Academia - nonprofit collaboration

In Figure 4.4, we show the same time series for academic papers that feature co-authors from
government organisations. Here we see that collaborative papers between academia and government
have grown at almost 70% over the past 10 years. That growth has resulted in a 3% increase in the
proportion of collaborative papers relative to the overall academic output.

87



140,000 4.0%

120,000
3.8%

100,000

0,

80,000 3.6%
60,000 3.4%

40,000
3.2%

20,000
- 3.0%

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

N # Academia-Government Papers — smm=% Academia-Government Papers

Figure 4.4 Academia - government collaboration

4.4.3 Country trends

In the next part of the analysis, we determined the 10-year collaboration trend for the 25 most productive
countries along with the world and EU trends as benchmarks. For each country or territory, we
determined the number of collaborative papers between academia and one of the other stakeholders as
a proportion of the academia affiliated papers. In Figure 4.5, we show the share of academia — industry
collaborative papers in 2013 and then again in 2022. A dot above the diagonal signifies an increase in
share of academia — industry collaboration in that country or territory over the 10-year time period,
while dots below it signify a decrease. China and Belgium, an outlier within the EU, showed substantial
increases in academia — industry collaboration over the 10 years, while Australia, Taiwan, and Turkey
appear to have maintained roughly the same share as 10 years earlier. For most countries, however, the
figure shows a decline in academia - industry collaboration, in line with the overall declining trend
shown in Figure 4.2. We will provide a more detailed analysis of these findings in section 4.4.5.
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Figure 4.5 Academia - industry collaboration trend by country

Next, we present the 10-year trend for academia — nonprofit collaborations as a proportion of the overall
academic output (Figure 4.6). Here we see the greatest gains in Spain, the United Kingdom, and Iran,
with most of the other countries making modest growth. The most notable declines were in Taiwan,
Indonesia, Belgium, and Russia.
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Figure 4.6 Academia - nonprofit collaboration trend by country

Next, we present the 10-year trend for academia — government collaborations as a proportion of the
overall academic output (Figure 4.7). The picture for academia — government collaboration showed
wide variance. The largest increases were seen in China, Malaysia, and the United Kingdom. The
steepest declines were seen in France and Russia and Indonesia, Japan, Turkey, and Taiwan.
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Figure 4.7 Academia - government collaboration trend by country

4.4.4 Field trends

We also analysed the trends of research for academic collaboration with each of the stakeholder types
by subject field. In Figure 4.8, we see that the share of academia - industry collaborations with respect
to overall academic output has fallen for all fields of research except earth sciences, which grew, and
mathematical sciences, which retained almost the same share. Steeper declines were in the social
sciences and humanities fields including creative arts & writing, law & legal studies, history, heritage,
& archaeology. The science fields including engineering and the physical, biological, and chemical
sciences declined less.
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Figure 4.8 Academia - industry collaboration trend by field

The 10-year change in collaboration between academia and nonprofit organisations relative to the
overall academic output is shown in Figure 4.9. Here the picture is rather diverse with marked increases
in relative collaboration in philosophy & religious studies, history, heritage, & archaeology, and built
environment & design. The steepest declines were noted in the creative arts & writing and the law &
legal studies. The sciences tended to vary less and maintain a stable share of collaboration over the 10-
year period.
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Figure 4.9 Academia - nonprofit collaboration trend by field

The collaboration between academia and government relative to the overall academic output is shown
in Figure 4.10. In most fields, there was an increase in relative collaboration, most notably in the law
& legal studies, philosophy & religious studies, built environment & design, history, heritage, &
archaeology, and engineering. The steepest declines were seen in commerce, management, tourism, &
services, economics, and environmental sciences. The sciences again maintained a relatively stable
share.
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Figure 4.10 Academia - government collaboration trend by field

4.4.5 Industry partner analysis for selected countries

The findings presented in figures 4.3 and 4.4 show that academia — nonprofit and academia —
government collaboration grew at roughly the same rate as overall academic output. However, figure
4.2 shows that academia — industry collaboration dropped by 16% relative to academic output. The
latter was an interesting and surprising result in the context of the frequent calls on academia to close
the gap with industry. The country-level findings presented in figure 4.5 could potentially shed light on
whether the relative decline is a global one or if regional differences play a role. We therefore conducted
an additional analysis of the academia — industry collaborations to identify the eight companies with
which academia coauthored the most papers in the two countries with steepest growth (China and
Belgium) and in the two countries with the steepest decline (South Korea and Switzerland) (table 4.4).
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Table 4.4 Industry partners in academic collaboration: China and Belgium

China 2013 China 2022
Company name Papers Company name Papers
State Grid  Corporation of - China | 0 State Grid Corporation of China (China) | 3295
(China)
China National Petroleum Corporation . .
(China) 242 Sinopec (China) 961
. . China National Petroleum Corporation
Sinopec (China) 194 (China) 875
Microsoft Research Asia (China) 183 China Electronics Technology Group | ¢,
Corporation (China)
China Electronics Technology Group China Shipbuilding Industry
. . 149 . . 593
Corporation (China) Corporation (China)
China  North  Industries  Group 132 China  North  Industries  Group 545
Corporation (China) Corporation (China)
Av@tlon Indusiry Corporation of China 127 China Southern Power Grid (China) 509
(China)
China  National  Offshore  Oil Aviation Industry Corporation of China
. . 115 . 463
Corporation (China) (China)
Belgium 2013 Belgium 2022
Company name Papers Company name Papers
Janssen (Belgium) 50 Flanders Make (Belgium) 175
Siemens (Belgium) 14 Sciensano (Belgium) 153
GlaxoSmithKline (Belgium) 12 Janssen (Belgium) 41
UCB Pharma (Belgium) 12 Sanofi (United States) 19
Novartis (Switzerland) 11 Siemens (Belgium) 15
Bekaert (Belgium) 9 Regeneron (United States) 12
Holst Centre (Netherlands) 9 Sanofi (France) 11
Novartis (United States) 8 Icometrix (Belgium) 10
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In China, the top eight collaborating companies in 2022 coauthored more than four times the number
of collaborations as the top eight companies in 2013. The growth appears to be generic as all the top
collaborating companies in 2022 were already collaborating with academia in 2013. However, the
number of co-authored papers has increased by several-fold over the 10-year time period. The biggest
contributor to China’s rise was by the State Grid Corporation of China, whose co-authored publication
count grew nearly five-fold in the 10-year period studied.

In Belgium, collaboration with the top eight companies tripled between 2013 and 2022. The increased

collaboration was largely due to over 300 collaborative papers with two companies, Flanders Make and
Sciensano in 2022, with whom academia had no or negligible collaboration in 2013. Flanders Make
supports the local manufacturing industry through innovative research projects to facilitate its
customers’ transition to industry 4.0. Flanders Make currently has open calls for research partnerships
on strategic basic research projects such as ‘Development and validation of a high-torque-dense
actuator’, and on industrial research valorisation and acceleration projects such as ‘Situation-aware
robust optimal vessel navigation and control’ (Flanders Make, 2024). Sciensano is a healthcare
company launched in 2018 that is also registered as a research institution under the Belgian Science
Policy. The company aims to improve quality of life for humans and animals along with their shared
environment in Belgium. Sciensano publishes details of projects on projects such as ‘Research on PFAS
contamination in the food chain’, ‘A citizen-driven crowdsourcing and feedback system to stimulate
research and policy relating to Flemish and local food environments’, and ‘Development, testing, and
implementation of the Belgian Patient Reported Experience measure for PAncreatic cancer caRE’
(Sciensano, 2024).

For many countries there was a relative decline between 2013 and 2022 in collaboration between
academia and industry (figure 4.5). The two countries showing the steepest decline were South Korea
and Switzerland. In table 4.5, we present the top eight companies by number of publications co-authored
with academic institutions in South Korea in 2013 and in 2022 followed by the corresponding
companies collaborating with academic institutions in Switzerland.
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Table 4.5 Industry partners in academic collaboration: South Korea and Switzerland

South Korea 2013 South Korea 2022
Company name Papers Company name Papers
Samsung (South Korea) 730 Samsung (South Korea) 587
LG Corporation (South Korea) 155 Hyundai Motors (South Korea) 120
;Z};:Z)g fron “and Steel - (South 78 LG Corporation (South Korea) 112
SK Group (South Korea) 68 SK Group (South Korea) 97
Korea Electric Power Corporation

58 Pohang Iron and Steel (South Korea) 87
(South Korea)
Amorepacific (South Korea) 51 Hyundai Motor Group (South Korea) 53
Hyundai Motors (South Korea) 1 Ez:z)Electric Power Corporation (South 51
CJ CheilJedang (South Korea) 26 Amorepacific (South Korea) 32
Switzerland 2013 Switzerland 2022
Company name Papers Company name Papers
Novartis (Switzerland) 51 Roche (Switzerland) 61
Roche (Switzerland) 31 Novartis (Switzerland) 54
ABB (Switzerland) 28 Inspire 24
Walt Disney (Switzerland) 26 Roche (United States) 21
Nestlé (Switzerland) 25 Microsoft (United States) 20
Microsoft (United States) 16 Fluxim (Switzerland) 15
Siemens (Germany) 16 Novartis (United States) 14
Novartis (United States) 11 Philochem (Switzerland) 14

In South Korea, the number of collaborative papers with top eight companies was slightly less in 2022
than it was in 2013. There was very little change in the companies participating in the collaborations,
indeed the top seven companies in academic collaborations in 2013 were still among the top eight in
2022. The number of co-authored papers had dropped, which contributed to the overall decline in
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academic — industry collaboration in South Korea over the 10-year period studied. Notable declines
were from Samsung (-20%) and LG Corporation (-28%).

In Switzerland, the number of collaborative papers with the top eight companies actually grew by 8%
in absolute terms but declined relative to overall academic output. There were interesting changes in
the identity of the leading companies collaborating with academia. From the list of top eight
collaborating firms in 2013, ABB, Walt Disney, Nestlé, Microsoft, and Siemens all posted substantial
declines in co-authored papers with academic institutions in Switzerland by 2022.

4.5 Discussion

4.5.1 Academia — Industry

We frequently hear research policymakers and higher education leaders citing the need for academia to
work more closely with different societal stakeholders to maximise the benefits of research outcomes
when addressing society’s most pressing goals. Our results show that the number of academia — industry
collaborative publications has consistently increased over time in absolute terms but has declined with
respect to overall academic output. The idea that academic research in partnership with the private
sector will help industry to innovate may have stimulated some collaborative research, but overall
academic research output has grown faster without industry partnership than with it. Our findings show
there is a wide variation in this trend depending on the country studied, with substantial relative growth
in China and notable decline several countries including South Korea and Switzerland. In Europe, only
Belgium has seen relative growth in academia — industry collaboration.

In 2019, China became the leading country in USPTO patent filings, with four Chinese universities
among the top 10 education institutions in number of filed applications (WIPO, 2020). The impressive
trend for growth in industry participation in China may have been influenced by the major government
overhaul of laws and regulations surrounding research commercialisation dubbed China’s Bayh-Dole
Act (Huang et al., 2023; Yi & Long, 2021). In the past decade, universities have now assumed
responsibility for implementing their own patents and sharing profits with researchers. This may be
responsible for stimulating a spike in Chinese universities commercialising research. Industry funding
of universities in China would then create conditions that could explain our reported increase in relative
participation of industry in scientific research.

Two Belgian companies were responsible for three-quarters of the top eight companies’ academia —
industry collaborations. Flanders Make supports local manufacturers and Sciensano is a commercial
research organisation that focuses on improving local human and animal health. Academic
collaboration with both these companies has started recently and both promote calls for collaborative
research projects on their websites. The academic community has clearly responded to calls to work
together with these two companies, and policymakers could potentially use the model as an example to
encourage other similar collaborations.

Despite South Korea’s government boost to stimulate academia — industry collaboration, researchers in
the private sector still need to develop a culture of trust in their academic partners (Lee, 2014). Our
reported decline in the relative number of academia — industry collaborative papers support previous
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work (e.g., Jones, 2024). In Switzerland, we did not find any obvious explanation for the decline in
academia — industry collaboration.

452 Academia — Nonprofit

The absolute number of academia — nonprofit collaborative research papers has shown consistent year-
on-year growth in the past 10 years that was almost in line with the steep growth in overall academic
output. Most of the high-income countries showed relative gains in academia — nonprofit research
collaboration, but the country with the steepest increase was Iran. In Iran, it has been argued that citizen
engagement on civic societal issues will be among the emerging research themes and is a potential
driver behind academia — nonprofit engagement (Farazmand et al., 2019).

4.5.3 Academia — Government

The absolute number of academia — government collaborative research papers shows consistent year-
on-year growth in the past 10 years and is almost in line with the overall academic output. Countries
with the most marked increase in academia — government collaboration were China, Malaysia, UK,
Germany, India, and Iran. Meanwhile, the steepest declines were recorded in Russia, France, and
Indonesia.

Relative academia — government collaboration declined on average in EU academic sectors, which is
at odds with the EU Research and Innovation policy that aims to ‘ensure technological breakthroughs
are developed into viable products with real commercial potential — by building partnerships with
industry and governments’ (European Union, 2020). However, the EU’s leading gain was recorded by
Germany, whose most prolific government research institution in 2022 was the Helmholtz-Zentrum
Hereon, a transdisciplinary centre that spends 100 million Euros annually on support for societal
institutions through its expertise in tackling climate change, biomedicine, and new energy systems.

4.5.4 Limitations

In this study we have used three pairwise comparisons, each from the perspective of the academic
sector. The main reason for this is because the vast majority of published research is by authors affiliated
to academic institutions. Therefore, we used academic output as the denominator in our calculations
and collaboration between academia and each of the other stakeholders as the numerator. So, the
question we are addressing is about the extent to which academia has collaborated with other
stakeholders rather than how much the stakeholders are collaborating with each other. We might be
overlooking other scenarios such as industry providing contract research services to government, which
would also count as transdisciplinary research but not be counted in this study.

The Dimensions database used for this study relies on the Research Organization Registry (ROR)
classification system for defining research stakeholders. It is not always straightforward to classify
institutions. For instance, the State Grid Corporation of China was classified as a ‘Company’, whereas
it could be argued that it should be ‘Government’. We also noted that the classification of some
organisations was changed in ROR during the course of our study. The Ecole Polytechnique Fédérale
de Lausanne (EPFL) was initially classified as ‘Facility’, but later changed to ‘Education’ and ‘Funder’.
Its re-classification as ‘Education’ meant that papers with the EPFL affiliation were included in our
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study and counted as academia. However, these were isolated discrepancies and we considered them
artefacts in the data rather than systematic errors. Other stakeholder types categorised by ROR, such as
facilities, museums, and private hospitals, were not analysed in this study, but may be of interest,
especially in studies of healthcare and studies of the arts and humanities. Despite these concerns, ROR
routinely updates its classification, and we consider it the most appropriate classification system of
research organisations for this study. Given the changing and sometimes heterogeneous nature of
organisation types, we suggest some flexibility in interpreting the results.

One of the limitations of all bibliometric studies is that we can only analyse research outputs that are
published. The academic sector is by far the most prominent contributor to published research among
each of the stakeholders studied. This is expected because scholarly publication is one of the most
important performance indicators for academics and for their universities (Dill & Soo, 2005; Hazelkorn,
2011; Marginson & van der Wende, 2007). University academics routinely publish in journals, books,
and conferences, but other stakeholders may not.

Private sector companies for instance, often conduct research aiming to bring unique products or
services to market and consequently make only a fraction of their findings public. This means that we
do not know what share of industry research we are counting through scholarly publications. Similarly,
government participation in major challenges is important because governments can focus a nation’s
attention and priority, and because only governments can set national agendas and make laws.
Governments habitually publish reports, guidelines, or other types of documents that do not appear in
bibliographic databases as scholarly works (Bickley et al., 2020). Scholarly publications from industry,
government, and nonprofits are likely to represent only a fraction of the research these actors perform.

Introduction of a 10% minimum threshold of author affiliations to count a stakeholder as having a
meaningful contribution to a study reduced the number of papers in our dataset. Raising that minimum
threshold to 20% and then 30% accelerated the exclusion of papers. In order to allow our threshold to
eliminate the most extreme cases of lopsided collaborative papers, without unduly reducing the dataset,
we set the threshold at 20% for the remainder of the study. Although the choice of 20% is somewhat
arbitrary, we considered it an improvement over having no threshold at all.

4.6 Conclusion

Research policymakers and academic leaders emphasise the benefits of closing the gap between
academia and industry and collaborating more closely with society to address the most difficult
challenges of our time. This bibliometric study of transdisciplinary research applies large-scale
quantitative techniques to assess collaboration trends between academia on the one hand and industry,
government, and nonprofit organisations on the other.

There appears to be a gap between the aspirations of research policymakers who are advocating closer
collaboration between academia and other research stakeholders and what is happening in reality. The
overall trends along with the picture in many countries and many fields is a relative decline in
collaborative research with respect to the rapid growth in research by academia alone. Although
collaboration is growing in absolute terms, from a relative point of view our results do not support the
notion of increased collaboration, partnerships, or transdisciplinary research.
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One possible general explanation for the relative decline is the current system of incentivising academic
researchers on their scholarly publications in peer-reviewed journals. Perhaps many academics find it
easier and quicker to publish with fellow academics, rather than through societal engagement projects.
Collaboration with industry, nonprofits, or government may introduce partners with very different ideas
of successful outcomes that do not involve published papers. Faced with conflicting pressures,
academics might find the pressure to publish outweighs the need to conduct societal engagement.

We performed our analysis at global and at country level. This allowed us to observe wide variation in
regional trends possibly influenced by changes in national research landscapes. A clear example is the
opening of Chinese intellectual property laws, which has paved the way for universities to work more
closely with industry on commercialisation of research. The resulting boost in academia — industry
collaboration was unique to China according to our study.

The data used for this study were from the Dimensions database, which uses the organisation
classification provided by the Research Organization Registry (ROR). The ROR organisation type
categories are one way of defining stakeholders, but it is open for debate as to whether it is the right or
best way. For the purposes of this paper, we have chosen to work with the ROR definitions used by
Dimensions for pragmatic reasons and have revealed some interesting, high-level patterns. To drill into
further detail, it may be useful to run follow-on studies that consider other data sources and stakeholder
definitions.

Bibliometric studies generally look backwards but can reveal patterns that may then be linked to policy
changes. Therefore, research policymakers will benefit from retrospective studies when setting out their
new strategies on a range of policies such as funding, academic freedom, intellectual property
management.
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