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Abstract
Purpose – The ranking of universities and other research-intensive institutions in global ranking systems is based on numerous indicators, including
number of articles with external collaboration, number of articles with international collaboration, number of articles with industry collaboration as
well as co-patents with industry. The purpose of this paper is to examine university–industry research collaboration in Ghana, with the aim of
exploring the relationship between the research output collaborations in the top four universities in Ghana and industry across different
geographical scales.
Design/methodology/approach – This study’s data was obtained from the SciVal database, which drawn its data from the Scopus bibliographic
and citation database. The bibliographic and citation data were extracted using a search of the publications affiliated to the University of Ghana, for
the period 2011–2020.
Findings – Key findings demonstrate a constant rise in the number of research publications by the selected universities over time. Research
collaboration intensity in the selected universities in terms of co-authored publications was higher as compared to single-authored publications.
University–industry research co-authorships were, however, lower when compared to university–university research co-authorships. The university–
industry research co-authorships occurred mostly with Europe, Asia-Pacific and North American-based institutions as opposed to African-based
institutions. In Ghana, four industry-based institutions were engaged in intensive research with the selected universities.
Originality/value – This study demonstrates that, for each selected university, it is possible to measure the performance of individual universities in
both intra-regional and international collaboration. Such results may be useful in informing policy as well as merit-based public funding of
universities in Ghana.
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Introduction

In recent times, most universities are getting involved in
research as an innovative source to generate knowledge that has
diffused to the industry (Mafu, 2023). The importance of
research collaboration is clearly illustrated by Hausmann et al.
(2011). According to Hausmann et al. (2011), the quantum of
knowledge inherent in society is not dependent on the amount
of knowledge held by an individual, but on the level of diversity
of knowledge across individuals and the ability to put together
and make use of such knowledge through a complex web of

interactions. Indeed, recognizing the vital contribution of
research to national development, nations across the globe have
made conscious efforts to determine the new horizon of
scientific knowledge and methods to enrich their intellectual
properties (Wani et al., 2023). Assuredly, through joint efforts,
individuals and organisations can compete and perform better
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in today’s dynamic complex and interactive world, and
universities are no exception. Onyancha and Ocholla (2007,
p. 239) noted that research collaboration enables researchers to
exchange knowledge, skills and techniques; affords researchers
intellectual companionship by expanding their professional
network in the scientific community; improves the visibility of the
study; and reduces the cost of conducting research. According to
Mafu (2023), university–industry collaboration (UIC) stimulates
relevant research projects, encourages universities to find ways to
amend their curriculum, and serves as a marketing tool to attract
students, faculty and additional industrial research support.
Collaborative knowledge production based on partnerships with
industries has become a central theme in institutions of higher
learning (Kim et al., 2014). UIC is, in fact, about facilitating
innovation and maintaining a competitive a competitive edge
through novel knowledge and resource exchanges according to
numerous scholars (e.g. Chedid and Teixeira, 2021a; Chedid
andTeixeira, 2021b).
Consequently, the concept of UIC has increasingly become a

topical subject among researchers worldwide (Bastos et al.,
2021), and has motivated lengthy discussions on the
implications of collaboration in general, and particularly for co-
authorships in the scientific research environs (Murashova and
Loginova, 2017). More specifically, the significance of UIC is
becoming more recognised, as expected, especially on UIC and
research publications. It is not surprising to note that
collaboration between university and industry has taken centre
stage in the ranking of universities and other research-intensive
institutions. Vernon et al. (2018) have enumerated several
indicators that different global ranking systems use in their
pursuit to rank universities, and among the indicators are the
number of articles with external collaboration, the number of
articles with international collaboration, the number of articles
with industry collaboration, as well as co-patents with industry.
The importance of UIC cannot, therefore, be overemphasised.
The UIC in research has become more pervasive in the current
research-intensive university environment, especially in the
quest of universities to obtain a world-class university status
(Kim et al., 2014). Whilst collaboration with universities is
perceived by industries as an important avenue to access
students and technologies and to update their knowledge to
boost the performance of firms as far as innovations are
concerned, the essential aim of universities’ collaboration with
industry is predominately that of academic research
(Tagliazucchi et al., 2021). Certainly, for academics within a
university, one of the major requirements is to publish research
andmaintain high levels of research productivity to sustain their
careers and build on their reputations (Zhang andWang, 2017).
Because of its recognition as an imperative conduit to

expedite the attainment of innovation-driven economic growth
and development, most advanced economies perceive research
collaboration between universities and industry as a principal
research policy (Bastos et al., 2021; Skute et al., 2019). Indeed,
studies have echoed the importance of research collaborations
and have advocated for national research policies to focus on
promoting collaboration (Onyancha and Maluleka, 2011:
Abramo et al., 2009a). Sjöö and Hellström (2019) showed that
research collaborations (especially cross-sectoral) lead to
greater scientific impact as such publications tend to be cited
more and tend to generate more intellectual property (IP).

Mafu (2023), however, advised that, to ensure that both parties
contribute significantly to the interactions and to avoid
conducting research that cannot be applied to the industry,
universities must strive to work collaboratively with the
industry right from the project’s onset.
UIC is a multi-faceted concept, with different terms in the

literature that refer to the same phenomenon (Confraria and
Vargas, 2019). Examples of such terms include university–
enterprise cooperation (Du et al., 2022), university–business
collaboration (Hewitt-Dundas et al., 2019) and university–
business cooperation (Galan-Muros and Davey, 2019), among
others. Essentially, given that UIC generally refers to any form
of interaction between higher education and industry for
mutual benefits, the inconsistency among terminologies, such
as “university” or “academia” on one side and “business”,
“industry” or “firm” on the other makes it difficult to come up
with a one-size-fits-all definition, especially as these terms are
often used interchangeably (Mahdad et al., 2020). Overall,
definitions found in the literature have been tied to the nature
and type of collaboration concerned and are labelled differently
in the literature. Like its definitions, the scope of UIC varies
with an indication that collaborations can have various shapes
and can be studied from several different perspectives
(Roncancio-Marin et al., 2022).
The concept of UIC has predominantly been defined as any

form of interaction between the university and industry that aims
at encouraging the exchange of knowledge, research and
technology to enable the initiative of innovations that serve as
solutions to societal problems (e.g. Ankrah andAl-Tabbaa, 2015).
Given thewide scope ofUIC, its vagueness has led to some level of
difficulty inmeasuringUIC.However, though attempts have been
made to use co-authorship as a measure of UIC, some scholars
(e.g. Saad et al., 2021) have argued that not all co-authored
publications are products or outcomes of collaborative research.
Nevertheless, there have been counterarguments on co-
authorships as a direct indication of the research collaborations,
given that publications are predominately accepted as part of the
research process (Roncancio-Marin et al., 2022). The wide-
ranging manifestations of UIC can, however, be classified under
four broad categories: information and training (e.g. conferences
and seminars), IP (e.g. patenting and spin-off creation), human
resources (e.g. student internships and practitioner teaching) and
research and development (R&D) activities (e.g. contract research
and joint R&D projects) (Bastos et al., 2021:179; De Fuentes and
Dutr�enit, 2012: 1671; Ramos-Vielba and Fern�andez-Esquinas,
2012: 250). However, the focus of this paper is UIC on R&D
activities. As such, for this study, “university-industry research
collaboration” refers to a collaboration between a university and
an industry-based institution that has resulted in a co-authored
scientific publication.
Despite the interest placed in collaboration and its benefits,

as well as the UIC’s support for development of the research
capacity of universities (Bloch et al., 2019), the literature on
UIC in Ghana is rare. Undeniably, the extant literature has
reported on UIC in both the developed and the developing
world (Bornmann, 2021), but studies, especially on
collaborations between universities and industry towards the
production of research publications in developing countries,
and more particularly in Ghana, seem unclear, as most studies
on UIC have been skewed mainly towards the challenges of
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UIC (e.g. Muparadzi and Caesar, 2021), and its influencing
factors (e.g. He et al., 2021; Li and Zhu, 2021). This has led to
a general paucity of literature on collaborations between
universities and industry that result in academic research
publications, especially in Ghana. To help address the void
identified, this study aims to examine university-industry
research collaboration inGhana, through an examination of co-
authored research publications.

University-industry research collaboration in
Ghana: brief overview

Ghana’s aspiration to pursue innovation-led economic and
social development has led to growing interest in UIC. For
instance, Ghana’s development policy (Akufo-Addo, 2017);
industrial policy (Tetteh, 2011); and Science, Technology and
Innovation (STI) policy (Frimpong-Boateng, 2017) all
encourage collaboration between universities and non-
academic stakeholders, such as industry partners, working to
realise the innovative capabilities of the country and its
economic development. However, Mensah and Gordon (2020)
asserted that research from most universities in Ghana does not
seem to align with national development priorities because of
outdated policies and institutional systems for STI, ineffective
collaborations between universities and industry and
inadequate incentives to encourage such collaborations and
interactions. In fact, Abdulai et al. (2020) stated that, despite
Ghana’s continued investment in higher education,
infrastructure development and increase in book and research
allowance in universities, there is very little evidence of
sustained innovation performance in Ghanaian industries
compared to Ghana’s contemporaries, such as Malaysia,
Singapore and South Korea, who – although they gained
independence at around the same time and had roughly the
same GDP per capita as Ghana at the time – now have
significantly higher and better innovation and economic indices
than Ghana. Muparadzi and Caesar (2021) also add that,
althoughUICs are beneficial to Ghana for developing evidence-
based management practices, there is little evidence pointing to
such benefits. This is because, comparatively, collaborations
between universities and industry in Ghana are limited, not
well-planned and lack investments from policymakers. This
shows that the “nature and extent of (UIC) in Ghana are not
strategic” (Muparadzi and Caesar, 2021). These sentiments re-
echo what is captured in the current development policy of
Ghanawhich states:

Meanwhile, little collaboration exists between public research institutions
and businesses on product, service and process innovation, an area which
holds a lot of prospects for product and industrial development, as well as
job creation, if adequate mechanisms are in place to turn research outputs
into viable commercial ventures”. (Akufo-Addo, 2017, p. 46)

Again, although some studies have explored UIC and
technology transfer in general in Ghana (Abdulai et al., 2020;
Mensah and Gordon, 2020; Muparadzi and Caesar, 2021;
Owusu-Agyeman and Fourie-Malherbe, 2019; Addy and
Adabor, 2021), there seems to be a paucity of studies into the
patterns, trends and extent of UIC as regards research in that
country. While these issues may have been explored to some
extent in certain studies conducted in the global north (Abramo
et al., 2009b; Lebeau et al., 2008; Tijssen et al., 2009), Mensah
and Gordon (2020:246) stated that there is a need to gain a

better understanding of the nature and extent of UIC as it
concerns research in developing countries such as Ghana.
According to them, this is important as a way of understanding
how universities can make a meaningful contribution to the
economic development and competitiveness of the country, to
develop more effective strategies and programmes toward
sustainable development. The studies cited above reveal a
number of important issues: first, there are various
methodological approaches to assessing the nature and extent of
UIC on research; second, co-authorship between universities
and industry partners continues to grow; third, university-
industry co-authored articles tend to have more impact (more
cited), compared with university-authored articles; fourth,
university–industry co-authored articles tend to be published in
less prestigious sources compared to university-authored
articles; fifth, academic researchers involved in UIC research
tend to have superior research performance than those who are
not; and, finally, such mappings and trend analyses of UIC
provide useful comparative data for rankings and benchmarking
objectives, as well as a simplistic reflection of the attractiveness
of universities as providers of scientific knowledge and services
to industry. Given the above disparities and voids, a deeper
understanding of how Ghanaian universities and industries
collaborate in the production and sharing of knowledge for
innovation is critical (Abdulai et al., 2020).

Purpose and objectives of the study

The purpose of the study was to investigate the patterns, trends
and extent of university–industry research collaboration in
Ghana between 2011 and 2020, using the top four universities
as cases for study. The specific objectives included:
� examine the trends of research and the number of

publications produced by each of the selected public
universities in Ghana;

� determine the number of papers with multiple institutional
authorship versus those with single-institutional authorship;

� identify the industry collaborators with each of the universities;
and

� examine the areas of university–industry research
collaboration.

Literature review

University–industry research collaboration and
academic research publications
Generally, the literature depicts viewpoints for and against the
impact of UIC on academic research output. Whilst some
researchers perceive a positive relationship between UIC and
research publications, where UIC is seen to improve academic
research performance (e.g. Aldieri et al., 2019), others have
argued that collaborations between universities and industry
could rather do more harm to academic research publications
than good, considering the conditions laid out mostly from the
beginning of the collaboration to maintain the confidentiality of
the output from such collaborations (e.g. Bemke-�S witilnik
et al., 2020). Bemke-�S witilnik et al. (2020) emphasised that
collaborations between industry and university researchers
often pose some difficulties due to varied views from the
collaborators in relation to motivation to publish, choice of
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publication channel and interpretation of findings. Kim et al.
(2014), however, reported that applying UIC as a novel
approach to measuring research performance among 46
Korean universities showed significant improvement in the
performance of several previously low-ranked universities,
irrespective of the rigid hierarchical structure of the Korean
higher education system.
That said, prior literature has confirmed and disproved (e.g.

Zhang and Wang, 2017; Tijssen et al., 2009 and Lundberg
et al., 2006) the notion that UIC can improve academic
research performance and output. The latter have argued that
there is no relationship between UIC and the research
performance of universities, as UIC may or may not result in
academic research publications. For instance, in China, Zhang
andWang (2017) used a data set of 804 engineering academics
with the aim of extending the research on UIC to reconcile the
mixed findings on the influence of research performance on
UIC. The study reported a negative correlation between the
intensity of UIC and academic research performance, and
hence advised universities to enact policies that will encourage
researchers to seek collaborations with industry without due
consideration of research performance. Equally, a study using a
total of 436 Swedish companies reported that one-third of the
companies that had provided funding and collaborated with
the university had not co-authored any publications with the
university (Lundberg et al., 2006). In addition, more than a
decade ago, a statistical analysis of the 350 largest research
universities showed that, although UIC enables meaningful
comparisons for rankings and benchmarking objectives and are
helpful sources of evidence-based quantitative information,
such data do not provide conclusive evidence about the
magnitude or nature of university–industry research outcomes
(Tijssen et al., 2009). Indeed, considering the adverse
consequences that may come with UIC, Tagliazucchi et al.
(2021) described the relationship between UIC and academic
research publications or performance as being an inverted
U-shape, rather than linear, where UIC positively influences
academic research performance to only a certain level after
which scientific outputs decreasemarginally.
That notwithstanding, on the contrary, quite a number of

studies have also established positive relationships between
UIC and academic research publications (e.g. Aldieri et al.,
2019 and Bikard et al., 2019) and have stressed that one of the
most efficient methods to investigate research collaborations is
the co-authorship of publications using a bibliometric approach
based on publication and citation statistics (e.g. Bemke-�S
witilnik et al., 2020). For instance, the findings in Aldieri et al.
(2019) show publications as outputs from collaborations
between universities and industry in Italy and as being of
relevance to the academic performance of Italian academic
institutions.
Bikard et al. (2019) also insisted that although some prior

research suggest that UIC may generate lower publication rates
especially for the academic scientists due to the insistence of
industry on IP through patency and secrecy, UIC has a high
potential of fostering specialization and boosting academic
contributions to open science. Indeed, Bikard et al. (2019)
revealed that academic scientist who collaborate with industry
produces more follow-on publications and fewer on patents than
did academic scientist without industry collaboration. The

findings of Bikard et al. (2019) is echoed in a study by Garcia
et al. (2020) from Brazil who in their longitudinal and
comprehensive data set of UIC revealed a positive relationship
between UIC and research productivity where research groups
that collaborate with industry especially over a long term have
increased academic productivity. Similarly, Bemke-�S witilnik
et al. (2020) emphasised that collaborations between universities
and industries lead to higher research quality and publications,
given that researchers can advance more while collaborating
than they canwhile working individually.
Furthermore, collaborations between universities and

industry come in various forms. In other words, there are
different levels of collaboration. The literature, however, notes
intra-university collaborations, inter-university and international
collaborations as the main forms of collaborations. Ebel et al.
(2018), however, noted that whether intra, inter or international,
collaborations generally have positive effects on a research
activity. Nevertheless, given that some authors indicate that
international collaborations are the focus of funding agencies
(e.g. Belussi et al., 2010), others seem to show more of intra,
and inter-university collaborations instead of international
collaboration. For instance, in 2020, Zhigang and colleagues in
their analysis of co-authorships in Web of Science (WoS)-
indexed publications reported some level of growth among
individuals (2.2 authors per publication in 1980 to 7 in 2019),
inter-university (1.59 in 1980 to 2.66 in 2019), with a much
lower growth for international collaborations (1.4 authors in
1980 to 1.48 in 2019). This implies an increase in intra-
institutional collaboration, as opposed to inter-institutional and
international collaborations. Similarly, to identify the degree and
types of research collaborations in Malaysia, Cheng et al. (2013)
analysed 22,244 journal articles published between 2008 and
2011, using data from Scopus database. Cheng et al.’s (2013)
findings revealed a more intra-institutional collaboration than
there is for international collaborations. Cheng et al. (2013)
outlined Iran, India, the UK, Japan and the USA as the top five
international collaborators with physics and astronomy,
agriculture and biological sciences, engineering, health
protection and computer science as the top disciplines with
significant international collaborations. On the contrary,
Balogun’s (2023) report from a bibliometric analysis of 83
bibliometric publications inNigeria discovered an overwhelming
increase in inter-institutional and international collaborations
with 60% increase in domestic and international collaborations
and 40% collaborations with foreign nationals and Nigerians in
diaspora as collaborators. The top collaborating countries
Balogun (2023) established were USA, the UK, Brazil, China,
Portugal,Malaysia, India, Pakistan andSouthAfrica.
Besides, UIC is paramount in open research and

development (R&D) (Schultz et al., 2021). Indeed, open
research initiatives are beginning to produce results as
evidenced by the growing popularity of open access (Chisita
and Chiparausha, 2019). Thus, although relatively nascent,
collaboration in R&D is increasingly becoming a fixture in
contemporary research performance evaluations frameworks.
This is in response to the transmutation in knowledge
production and the increasing emphasis on dynamic knowledge
production (Kim et al., 2014, p. 98).
Furthermore, in another breadth, given that a number of

barriers plague collaboration between industry and university,
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quite a number of studies have devoted considerable efforts to
investigating the factors that could drive or inhibit the
operations of UIC (e.g. Rossoni et al., 2023; O’Dwyer et al.,
2022) and have suggested possible ways by which these
obstacles can be attenuated to ensure a successful UIC. These
challenges, the literature suggests, if correctly managed, will
have a positive effect on the perceived success of UIC, and if
neglected, will tend to have a negative impact on making UIC a
reality. In their systematic review aimed at identifying the
barriers and facilitators of UIC, Rossoni et al. (2023), for
instance, acknowledged that even though UIC for the purpose
of research, development and innovation remains a challenging
process, undertaking small projects with a gradual increase in
complexity, social capital and social tax incentives are key
players for every successful UIC. Likewise, Tseng et al. (2020)
emphasised that UIC, often supported by state interventions, is
critical and hence stressed the need for financial support from
the government coupled with the implementation of a variety of
policies and programs to enhance UIC to bridge the gap
between academic research and industry application. Similarly,
drawing on a large-scale survey and public records, Bruneel
et al.’s (2010) research findings identified prior experience of
collaborate research, breadth of intervention by government
and inter-organizational trust as ways of reducing the barriers
to UIC. Equally, to explore the factors leading to a successful
UIC, as well its perceived barriers, O’Dwyer et al. (2022)
identified barriers such as trust and reluctance to share, whilst
outlining appropriate mechanisms, and public funding as
enablers of collaborations between university and industry.
That notwithstanding, Rybnicek and Königsgruber (2019), in
their extensive analysis of research publications as outcomes of
UIC, distilled four factors identified as influencers for the
successful implementation of such partnerships. These include
institutional factors, which refer to the participating
institutions; relationship factors, which refer to the linking
between those partners; output factors, which refer to the
desired results of the collaboration; and framework factors,
which refer to environmental aspects.
Given that UIC in developed countries are supported by a

sophisticated research infrastructure and vast resources for R&D
(Roncancio-Marin et al., 2022), Africa’s contribution to global
research productivity has consistently remained significantly low
despite the benefits associated with collaborative knowledge
production (Mwelwa et al., 2020; Onyancha and Ocholla,
2007). As such, UIC activities in Africa are relatively low,
making its scientific study challenging (Fischer et al., 2020).
Likewise, although collaborative research is increasing in Africa
(Bornmann, 2021), the pattern shows minimal continental
collaboration on research (Onyancha and Maluleka, 2011).
Furthermore, while studies show that UIC on research can
improve research productivity and impact (Abramo et al.,
2009a), there is little evidence on the nature and extent of UIC
in research in Africa and how it maps onto the global research
output. For instance, sub-Saharan Africa (SSA) accounts for less
than 1% of global research output and global citation impact,
despite representing 14% of the global population (Blom et al.,
2016; Fonn et al., 2018). The situation is even direr for Ghana,
considering that the bulk of the scientific production in the sub-
region emanates from South Africa, Nigeria and Kenya
(Duermeijer et al., 2018). Consequently, although minimal

empirical evidence on some scientific studies on UIC through
which Ghanaian universities actively collaborate with industry
exists (e.g. Abdul- Abdulai et al., 2020), UIC in Ghana is still a
work in progress (Muparadzi andCaesar, 2021).

Research methodology

This study adopted informetrics as a research design.
Informetrics is a quantitative research design that examines
“patterns that show up not only in publications but also in
many aspects of life, as long as the patterns deal with
information” (Diodato, 1994, p. ix). The design encompasses
bibliometrics, scientometrics, librametrics, cybermetrics,
webometrics and altmetrics (Onyancha, 2020). The design
comprises several methods, which some scholars have termed
as techniques. The methods can be grouped into two broad
categories, namely, descriptive informetrics (relies on
publication counts) and evaluative informetrics (relies on
citation and altmetric counts). The most popular informetric
methods are citation analysis, social network analysis, network
analysis, co-citation analysis, content analysis, cluster analysis,
co-word and word co-occurrence analysis, information and
knowledge visualization and mapping, bibliographic coupling
and science mapping, among others (Onyancha, 2020).
Infometrics has generally gained increased attention among
scholars from a variety of disciplines as a common scientific
research design in education, research and trend analysis (Qiu
et al., 2017; 4). Its uptake in the recent past has propelled
informetrics to rank among the top-ranking topics in library
and information science (LIS) research (see Chang et al., 2015;
Onyancha andMajanja, 2017; Onyancha, 2018; White, 2010).
Apart from its use to resolve some methodological issues in the
research process and improve the scientific accuracy of
quantitative analysis of information from a theoretical point of
view (Qiu et al., 2017), informetrics informs policies and
decisions across a broad range of fields, from economy to
politics and to social issues that influence the flow and use
patterns of information (Maluleka and Onyancha, 2016).
Onyancha (2020) has outlined 361 areas of informetrics
research focus, including evaluating research performance of
researchers, institutions and countries, developing and/and
improving research indicators, evaluating scientific production,
journals, scholarly communication, scientific collaboration,
authorship patterns, measuring societal academic and
societal impact of research and mapping knowledge. The
assessment of research collaboration through the analysis of
patterns of co-authorship of publications has also taken
centre stage in informetric research (Doyeon and Kim, 2021;
Xiuqian et al., 2011).
The study focused on four public universities in Ghana,

namely, the University of Ghana (UG), Kwame Nkrumah
University of Science and Technology (KNUST), the
University of Cape Coast (UCC) and the University for
Development Studies (UDS). The universities were selected
based on their research outputs indexed in SciVal, which
surpassed 100 publications. Raw data were retrieved from the
SciVal database. SciVal is a research performance assessment
tool that allows one to analyse Scopus data. Indeed, most of the
bibliometric analyses on research performance, including
collaborations between universities and industry, have used
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Scopus and WoS, among other databases. Scopus and SciVal
are two databases of controlled quality. Scopus is one of the
largest databases of bibliographic and citation data and is less
biased in its coverage of publications originating from the
global south than the WoS. For its part, SciVal provides access
to the research performance of over 21,000 research
institutions and their associated researchers, from 234 nations
worldwide. To extract relevant data from SciVal, a search using
the name of the institution as a search query was conducted
within the institution field. The data was retrieved and saved in
Microsoft Excel format. Data was analysed to examine single
and co-authored publications, number of collaborating
institutions by type, and geographic region, industrial
organisations or institutions collaborating with the selected
universities and distribution of number of collaborating
institutions by geographic region.

Results and discussion

Both the findings and discussions of the study are detailed in
this section. The section mainly answers the study’s research
objectives and is divided into subsections as follows: yearly
publication output in the selected universities; single vs

co-authored publications in the selected universities; number of
collaborating institutions by type and geographic region; non-
academic (industry-based) institutions collaborating with the
selected universities; and UIC across the Scopus fields of
research.

Yearly publication output of the selected universities
Research output in the four universities surveyed in this study
quadrupled between 2011 and 2020, increasing from 368 to
1,428 at UG, 227 to 1,005 at KNUST, 80 to 485 at UCC and
44 to 336 at UDS (Table 1). In terms of total research
productivity, UG leads the pack, producing nearly half (8,150,
48.12%) of the total publication output between the four
universities during the period 2011 and 2020. This is followed
byKNUST (5,062, 29.90%), UCC (2,124, 12.54%) andUDS
(1,599, 9.44%).While the annual publication output continues
to grow across all four universities, the annual growth rate
(AGR) of the number of publications has been fluctuating,
particularly for UG and UDS, since 2011. AGR is the year-on-
year growth in research productivity by each of the four
universities. It is calculated using the formula:

AGR ¼ Current year’s research output –Previous year’s research outputð Þ
Previous year 0s research output

� 100

UDS recorded the highest AGR (52.27%) between 2011 and
2012 while UCC’s 0.64% decline in publication output
between 2014 and 2015 is the lowest (negative) AGR during
the period under review.
These results indicate a significant increase in the research

productivity of the four universities since 2011 and are
consistent with the results of a previous study by Owusu-Nimo

and Boshoff (2017) who reported impressive growth in
Ghana’s research output over a 24-year period (1990–2013) at
an average annual growth rate of 9.3%. There are several
plausible drivers for this significant growth, including external
research funding, government strategies to bolster STI in
Ghana (AlMarzouqi et al., 2019) and the need for academics to
maintain high research performance to sustain their careers and

Table 1 Yearly publication output in the selected universities

University 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

UG (N¼ 8,150)
n 368 493 513 607 691 853 907 1,117 1,173 1,428
% of N 4.52 6.05 6.29 7.45 8.48 10.47 11.13 13.71 14.39 17.52
AGR (%) 33.97 4.06 18.32 13.84 23.44 6.33 23.15 5.01 21.74

KNUST (N¼ 5,062)
n 227 215 243 307 441 554 578 686 806 1,005
% of N 4.48 4.25 4.80 6.06 8.71 10.94 11.42 13.55 15.92 19.85
AGR (%) �5.29 13.02 26.34 43.65 25.62 4.33 18.69 17.49 24.69

UCC (N¼ 2,124)
n 80 92 110 156 155 210 235 272 329 485
% of N 3.77 4.33 5.18 7.34 7.30 9.89 11.06 12.81 15.49 22.83
AGR (%) 15.00 19.57 41.82 �0.64 35.48 11.90 15.74 20.96 47.42

UDS (N¼ 1,599)
n 44 67 82 103 130 155 174 216 292 336
% of N 2.75 4.19 5.13 6.44 8.13 9.69 10.88 13.51 18.26 21.01
AGR (%) 52.27 22.39 25.61 26.21 19.23 12.26 24.14 35.19 15.07

Source: Authors’ own work
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reputation (Zhang and Wang, 2017). However, recently, many
of the top universities in Ghana are making efforts to improve
their positioning on global university ranking tables because
such rankings have implications for competitiveness, resource
allocation and prestige. Because research performance is one of
the key indicators for ranking universities (Kim et al., 2014),
many Ghanaian universities have invested in building research
capacity by providing targeted training and small grants for
research and conference travels for their researchers (Fosci
et al., 2019), establishing research support and administration
systems and restructuring their doctoral programmes (Alabi
and Mohammed, Alabi and Mohammed, 2018) to improve
their research productivity and relevance. The combined effect
of these efforts has led to the recent featuring of someGhanaian
universities among the top-ranked universities in Africa (e.g.
TimeHigher EducationWorldUniversity Rankings).
The growth in the research productivity, however, appears to be

relatively steadier for UCC and KNUST in terms of the average
growth per year. That notwithstanding, UG has produced far
more research than the other universities during the period under
study. Several reasons could account for this, including the
number of academics with high level research training and
institutional research support structures and research funding.
The most recent Ghana Tertiary Education Commission
(GTEC) (2020) report shows that UG (1,018) has more
academic staff with doctoral degrees, as compared to KNUST
(554), UDS (265) and UCC (194). The high number of
academics with high-level research training at UG may have
contributed to its ranking as the most productive of the four
universities in terms of research output. Furthermore, although
the lack of institutional research support structures and inadequate
institutional funding for research (Bornmann, 2021) are major
challenges for Ghanaian academics, Alabi and Mohammed
(2018) singled out the UG as an exception, noting the
establishment of the Office of Research, Innovation and
Development and the allocation of a large internal research fund of
$200,000 to support research that aligns with national priorities.
These factors have very likely contributed to the relatively large
output ofUGcomparedwith the other universities.

Single vs co-authored publications
Table 2 shows research collaboration intensity in the selected
institutions between 2011 and 2020, with more than half of the
annual publication outputs being co-authored publications. Only
UCC in 2011 produced the same number of co-authored
publications as single-authored papers. Of the 8,150 publications
of UG between 2011 and 2020, 5,598 were co-authored
publications, whereas 2,552 were single-authored publications.
This translates to 68.69% co-authored publications and 31.31%
single-authored articles. Similarly, 1,468 (29%) of KNUST
publications over the same period were single-authored and
3,594 (71%) were co-authored publications. UCC’s single-
authored publications during the same period amounted to 745
(35.08%) of their total publication output, as compared to 1,379
(64.92%) of their publication output, which was co-authored
over the same period. Furthermore, 440 (27.52%) of UDS
publications over the same period were single-authored and
1,159 (72.48%)were co-authored publications.
These results in Ghana confirm the results of recent studies

(Bornmann, 2021; Onyancha, 2021) regarding the growing

numbers of research collaborations in Africa. This finding is
also consistent with Owusu-Nimo and Boshoff (2017) who
reported that 89% of Ghana’s total research output between
1990 and 2013 were co-authored publications. Given the
growing emphasis on collaborative knowledge production
(Binz-Scharf et al., 2015; Onyancha and Maluleka, 2011; Kim
et al., 2014), it is unsurprising that co-authored research
publications constitute a larger proportion of the total research
output in the selected universities. More significantly, the
amount of research collaboration per year has continuously
increased since 2011 in all four universities. In terms of the
performance of the individual universities, the proportion of
UDS co-authorship proportion was higher than the other
universities (UDS, 72.48%; KNUST, 71%; UG, 68.69%; and
UCC, 64.92%), despite contributing the least to the total
research production among the four universities during the 10-
year period (UG 8,150, 48.12%; KNUST 5,062, 29.90%;
UCC 2,124, 12.54%; and UDS 1,599, 9.44%). It also likely
that the sustained growth in research collaborations by the four
universities has led to the remarkable increase in their research
productivity over the past decade, as shown in Table 1
(Siddique et al., 2023; Paraskevopoulos et al., 2021; Kim et al.,
2014). Indeed, in their bibliometric analysis of LIS research
from the Arab World with data spanning seven decades (1951–
2021), Siddique et al. (2023) reported an upward trend in the
publications with substantial growth in the past four years.

Number of collaborating institutions by type and
geographic region
Table 3 shows the different categories of collaborating
institutions (academic, corporations, government institutions,
medical institutions and others) across the different
geographical regions. The data suggest that most of the
research collaborations by the universities occur at the level of
university–university collaboration (UUC) as opposed to UIC.
For instance, out of the 2,859 collaborations with UG, 2,001
(69.99%) are with other academic institutions and 858
(30.01%) are with non-academic (industry-based) institutions.
At KNUST, of the 2,608 collaborations, 1,796 (68.87%) are
UUC and 812 (31.13%) are with non-academic (industry-
based) institutions. At UCC, of the 1,552 total collaborations,
1,191 (76.74%) are UUC and 361 (23.26%) are with non-
academic (industry-based) institutions and at UDS, out of the
954 collaborating institutions, 636 (66.67%) are UUC and 318
(33.33%) are non-academic (industry-based) institutions.
A further examination of the data in Table 3 reveals that,

across the different categories of non-academic industry-based
institutions (corporations, government institutions, medical
institutions and others), the four universities have collaborated
on research the least with corporations both in Africa and the
global north. However, in Africa, UG, KNUST andUCC have
collaboratedmostly with government institutions, whereas only
UDS has collaborated mostly with medical institutions on the
continent. Similarly, in Europe and Asia-Pacific, UG, KNUST
and UDS have collaborated mostly with medical institutions,
whereas only UCC has collaborated mostly with government
institutions. Finally, in North America, UG, UCC and UDS
have collaborated mostly with government institutions, with
only KNUST having collaborated mostly with medical
institutions. Overall, most non-academic industry-based

University–industry research collaboration

MonicaMensah Danquah et al.

Information Discovery and Delivery



research collaborations by UG (346, 12.10%) and UCC (170,
10.95%) have been with government institutions, whereas that
of KNUST (378, 14.49%) and UDS (191, 20.02%) have been
withmedical institutions, globally.
The data further suggest that the four universities

conducted collaborative research mostly with European,
Asia-Pacific and North American-based institutions. For
instance, 917 (32.07%) of the collaborating institutions with
UG were from Europe, followed by 640 (22.39%) from Asia-
Pacific and 587 (20.53%) from North America, compared to
400 (13.99%) from Africa. Similarly, 932 (35.74%) of the
collaborating institutions with KNUST were from Europe,
followed by 554 (21.24%) from Asia-Pacific and 485
(18.60%) from North America, compared to 329 (12.62%)
from Africa. In UCC, 464 (29.90%) of the collaborating
institutions were from Europe, followed by 400 (25.77%)
from Asia-Pacific and 289 (18.62%) from North America,

compared to 204 (13.14%) from Africa. In UDS, however,
379 (39.73%) of the collaborating institutions were from
Europe, followed by 185 (19.39%) from Africa, compared to
172 (18.03%) from Asia-Pacific and 162 (16.98%) from
North America.
The trend is similar for UIC. Of the 858 non-academic

institutions that collaborated withUG between 2011 and 2020,
348 (40.56%) are from Europe, 182 (21.21%) are from North
America, 159 (18.53%) are from Asia-Pacific and 144
(16.78%) are from Africa. In KNUST, out of the 812 non-
academic institutions, 380 (46.80%) are from Europe, 150
(18.47%) are from North America, 145 (17.86%) are from
Asia-Pacific and 79 (9.73%) are from Africa. For UCC, out of
the 361 non-academic collaborating institutions, 131 (36.29%)
are Europe-based, 76 (21.05%) are North American, 83
(22.99%) are from Asia-Pacific and 43 (11.91%) are African-
based, and out of the 318 non-academic institutions that

Table 2 Single vs co-authored publications in selected universities in Ghana

University 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

UG
Single
n 118 179 209 205 230 284 272 332 359 364
% 32.07 36.31 40.74 33.77 33.29 33.29 29.99 29.72 30.61 25.49

Co-authored
n 250 314 304 402 461 569 635 785 814 1,064
% 67.93 63.69 59.26 66.23 66.71 66.71 70.01 70.28 69.39 74.51
TOTAL
N 368 493 513 607 691 853 907 1,117 1,173 1,428

KNUST
Single
n 100 67 81 95 107 156 167 188 232 275
% 44.05 31.16 33.33 30.94 24.26 28.16 28.89 27.41 28.78 27.36
Co-authored
n 127 148 162 212 334 398 411 498 574 730
% 55.95 68.84 66.67 69.06 75.74 71.84 71.11 72.59 71.22 72.64
TOTAL
N 227 215 243 307 441 554 578 686 806 1,005

UCC
Single
n 40 39 46 56 49 58 98 92 116 151
% 50.00 42.39 41.82 35.90 31.61 27.62 41.70 33.82 35.26 31.13
Co-authored
n 40 53 64 100 106 152 137 180 213 334
% 50.00 57.61 58.18 64.10 68.39 72.38 58.30 66.18 64.74 68.87
TOTAL
N 80 92 110 156 155 210 235 272 329 485

UDS
Single
n 23 17 22 31 34 43 54 70 63 83
% 52.27 25.37 26.83 30.10 26.15 27.74 31.03 32.41 21.58 24.70
Co-authored
n 21 50 60 72 96 112 120 146 229 253
% 47.73 74.63 73.17 69.90 73.85 72.26 68.97 67.59 78.42 75.30
TOTAL
N 44 67 82 103 130 155 174 216 292 336

Source: Authors’ own work
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collaborated with UDS, 174 (54.72%) are Europe-based, 45
(14.15%) are North American, 35 (11.01%) are from Asia-
Pacific and 44 (13.84%) are African-based (Table 3).
In terms of the different categories of non-academic,

industry-based institutions that conduct collaborative research
with the four universities, these trends are also palpable. InUG,
for instance, of the 81 corporations that collaborated with the
university during the period under review, fewer were African-
based (3, 3.70%), as compared to foreign-based (Europe: 30,
37.04%; Asia-Pacific: 6, 7.41%; North America: 40, 49.38%);
of the 346 government institutions that collaborated with the
university, fewer were African-based (53, 15.32%), as
compared to foreign-based (Europe: 142, 41.04%; Asia-
Pacific: 70, 20.23%; North America: 59, 17.05%); and of the
328 medical institutions that collaborated with the university,
fewer were African-based (34, 10.37%), as compared to
foreign-based (Europe: 143, 43.60%; Asia-Pacific: 73,
22.26%; North America: 52, 15.85%). In KNUST, fewer
African-based corporations (2, 4.17%) collaborated with the
university than foreign-based ones (Europe: 20, 41.67%; Asia-
Pacific: 8, 16.67%; North America: 17, 35.42%); fewer
African-based government institutions (35, 11.40%)
collaborated with the university than foreign-based ones
(Europe: 133, 43.32%; Asia-Pacific: 63, 20.52%; North
America: 49, 15.96%); and fewer African-based medical

institutions (32, 8.47%) collaborated with the university than
foreign-based ones (Europe: 194, 51.32%; Asia-Pacific: 68,
17.99%; North America: 58, 15.34%). The data on UCC
shows that fewer African-based corporations (1, 5%)
collaborated with the university than did foreign-based ones
(Europe: 7, 35%; Asia-Pacific: 3, 15%; North America: 8,
40%); fewer African-based government institutions (21,
12.35%) collaborated with the university than did foreign-
based ones (Europe: 64, 37.65%; Asia-Pacific: 45, 26.47%;
North America: 27, 15.88%); and fewer African-based medical
institutions (10, 7.69%) collaborated with the university than
did foreign-based ones (Europe: 50, 38.46%; Asia-Pacific: 32,
24.62%; North America: 26, 20%). Finally, the data on UDS
shows that, apart from North America (4, 36.36%), relatively
more African-based corporations (3, 27.27%) collaborated
with the university on research than did foreign-based ones
(Europe: 2, 18.18%; Asia-Pacific:1, 9.09%); except for Asia-
Pacific (15, 15.31%), fewer African-based government
institutions (16, 16.33%) collaborated with the university on
research than did foreign-based ones (Europe: 38, 38.78%;
North America: 21, 21.43%); and more African and Asia-
Pacific-based medical institutions (19, 9.95%) collaborated on
research with the university than did North American-based
medical institutions (13, 6.81%), though fewer did so as
compared to Europe (129, 67.54%).

Table 3 Number of collaborating institutions by type and geographic region

Institution North America Africa South America Middle East Europe Asia-Pacific Worldwide

UG
Acad. 405 286 103 157 569 481 2001
Corp. 40 3 0 2 30 6 81
Govt. 59 53 9 13 142 70 346
Med. 52 34 11 15 143 73 328
Other 31 24 1 4 33 10 103
Total 587 400 124 191 917 640 2,859

KNUST
Acad. 335 250 96 154 552 409 1,796
Corp. 17 2 0 1 20 8 48
Govt. 49 35 11 16 133 63 307
Med. 58 32 13 13 194 68 378
Other 26 10 0 4 33 6 79
Total 485 329 120 188 932 554 2,608

UCC
Acad. 213 161 56 111 333 317 1,191
Corp. 8 1 0 1 7 3 20
Govt. 27 21 6 7 64 45 170
Med. 26 10 6 6 50 32 130
Other 15 11 0 2 10 3 41
Total 289 204 68 127 464 400 1,552

UDS
Acad. 117 141 9 27 205 137 636
Corp. 4 3 1 0 2 1 11
Govt. 21 16 5 3 38 15 98
Med. 13 19 5 6 129 19 191
Other 7 6 0 0 5 0 18
Total 162 185 20 36 379 172 954

Source: Authors’ own work
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These results mean that there is limited research
collaboration between the selected universities and industry. A
plausible explanation is that UIC in Ghana is limited, not well-
planned and lacks investment from policymakers. These
sentiments are emphasised in Ghana’s development policy.
Consequently, Muparadzi and Caesar (2021) characterised
UIC in Ghana as non-strategic but, it is unfortunate, that
Mensah and Gordon (2020) hinted at the lack of incentives to
foster effective UIC in Ghana. It is also argued that UIC is
constrained by contrasting cultures and norms between
academia and industry (Muparadzi and Caesar, 2021; Bemke-
�S witilnik et al., 2020). Bemke-�S witilnik et al. (2020) asserted
that varied motivations to publish, choice of publication
channel and interpretation of findings are constricting for UIC.
This is because academic culture promotes openness and
sharing of knowledge through scientific publications, but
corporate culture promotes secrecy and the monetisation of
their innovation for competitiveness (Sjöö and Hellström,
2019). Furthermore, the perceived lack of trust regarding IP
ownership decisions and the over-reliance on scientific rigour,
as opposed to relevance between universities and industries,
respectively, undermine UIC (Muparadzi and Caesar,
Muparadzi and Caesar, 2021). Finally, Owusu-Nimo and
Boshoff (2017, p. 1116) found that industry or the private
sector provided very little to no funding for research support to
Ghanaian universities. These are the factors that are likely
responsible for the low UIC on research in the selected
universities. This notwithstanding, the results conform to what
persists on the continent, with the study by Fischer et al. (2020)
showing thatUIC activities in Africa are at a relatively low level.
While the common trend is that the four universities had

fewer research collaborations with Corporations across all
geographical settings, a very interesting UIC pattern was
identified from the data. Overall, in Africa and North America,
the universities collaborated more with government
institutions, whereas in Europe and Asia-Pacific they
collaborated more with medical institutions. Individually
however, UG and UCC collaborated more with government
institutions, whereas KNUST and UDS collaborated more
with medical institutions. It is not immediately apparent what
factors may account for this pattern, but these results reveal
that government institutions and medical institutions are
important partners for research co-authorship for academics in
the selected universities – more so than corporations. It will be
worth investigating why these patterns emerged.
Most of the institutions (all categories) that collaborated with

the four universities under investigation are European-based,
followed by Asia-Pacific and then institutions in North
America. However, when it comes to non-academic
institutions that engaged in UIC with these universities, the
Asia-Pacific region drops from the second position to the third.
Still, fewer African-based institutions engaged in research
collaboration (including UIC) with the universities than those
from Europe, North America and Asia-Pacific regions. These
results are consistent with Onyancha (2021) and Onyancha
and Maluleka (2011) who reported that there is minimal
research collaboration among African researchers in terms of
co-authorships, as compared to researchers from other
continents. The results further confirm the findings of
Bornmann (2021), who, based on analysis of SCImago

Institutions Ranking data, reported that the USA, France and
the UK are the three countries that collaborate most frequently
with African countries. It is very likely that the relatively high
collaboration from the West and the global North is driven by
the international research funding and academic mobility (e.g.
attaining PhD abroad) (Confraria et al., 2020). The fact that
external funding (particularly from Europe and North
America) is among the leading sources of research funding for
Ghanaian researchers (Owusu-Nimo and Boshoff, 2017), and
the fact that many academics in Ghana acquired their PhDs in
Europe and North America are likely the reasons why these
Ghanaian institutions collaborated most with institutions from
these countries. Meanwhile, Owusu-Nimo and Boshoff (2017)
argued that collaborating more with international (non-
African) partners is good for Ghana in strengthening the
country’s regional and continental integration. Such
collaborations are achieved in two principal ways: first,
Northern countries operate as “nodes” in global research
networks and could therefore link Southern countries on the
fringes of those networks; and second, North–South research
collaborations contribute more to local knowledge production
for the South than is the case for South–South research
collaborations. This second point is reinforced by Onyancha
(2021, p. 590) who found that “the North largely performed
better than the other [. . .] geo-economic regions in terms of the
number of papers, citations, citations per paper and citations
per country”.

Non-academic (industry-based) institutions
collaborating with the selected universities
The top ten non-academic (industry-based) institutions
collaborating with the selected academic institutions are shown
in Table 4. The data shows that over the period under
consideration, four institutions [Ghana Health Service (GHS),
Ghana Atomic Energy Commission (GAEC), Korle Bu
Teaching Hospital (KBTH) and Kumasi Centre for
Collaborative Research in Tropical Medicine (KCCR)] have
had collaborations with the four universities, co-authoring
more than 200 publications across the four universities. The
Ghana AIDS Commission and Youth Harvest Foundation
Ghana (YHFG) have collaborated the least on research with
the four institutions, producing four and one co-authored
publications, respectively. The trend is similar in terms of
which non-academic (industry-based) institutions are
collaborating with more researchers in the selected institutions.
Practitioners in GHS have co-authored with 755 researchers
across the four universities, practitioners at GAEC have
collaborated with 350 researchers across the four universities,
practitioners in KBTH have co-authored with 628 researchers
across the four universities and practitioners at KCCR have
collaborated with 248 researchers across the four universities.
The rest have collaborated with fewer than 200 researchers,
with the smallest number of collaborations coming from the
Ghana AIDS Commission and YHFG, which have
collaborated with nine and one researchers, respectively, from
the four universities. The results also show that, overall, the top
ten non-academic institutions collaborate more with co-
authors at the selected universities than at other institutions,
except in the case of UDS, where GHS, GAEC and KBTH
have collaborated more with researchers from other

University–industry research collaboration

MonicaMensah Danquah et al.

Information Discovery and Delivery



institutions, and in the cases of KNUST and UCC, where the
Ministry of Lands and Natural Resources has collaborated
more with researchers from other institutions.
In terms of which of the four universities are participating

more in these UIC, UG researchers have co-authored more
publications with practitioners (i.e. seven out of the ten non-
academic institutions) than any of the other universities. For
instance, 361 researchers at UG have co-authored 299
publications with practitioners at the GHS. Both KNUST and
UCC have co-authored 102 publications each with GHS and
have each had 162 of their researchers collaborating with the
same institution. UDS has had 70 of their researchers co-
authoring 92 publications with practitioners are the GHS.
Similarly, more KNUST researchers have co-authored more

publications with practitioners at two of the ten non-academic
(industry-based) institutions than any of the other universities.
For instance, 215 researchers at KNUST have co-authored
206 publications with practitioners at the KCCR. Forty UG
researchers have co-authored 36 publications and five UDS
researchers have co-authored six publications at the KCCR.
No researchers from UCC have collaborated with the KCCR
staff. Only one researcher from UDS has co-authored a single
publication with a practitioner from YHFG. None of the other
universities has engaged inUIC on research with YHFG.
Based on the data, all but a very few of the non-academic

institutions collaborated more with co-authors at the selected
universities than at other institutions. Particularly for the top
four non-academic institutions that had the most research-

Table 4 Non-academic (industry-based) institutions collaborating with the selected universities

No. Institution Sector Univ.
Co-authored
publications

Co-authors
at univ.

Co-authors at
other institutions

1 Ghana Health Service Govt UG 299 361 318
KNUST 102 162 125
UCC 102 162 125
UDS 92 70 110

2 Ghana Atomic Energy Commission Govt UG 181 238 190
KNUST 36 50 36
UCC 36 50 36
UDS 13 12 28

3 Ministry of Health, Ghana Govt UG 47 124 59
KNUST 18 16 14
UCC 18 16 14
UDS 10 17 12

4 Ministry of Lands and Natural Resources, Ghana Govt UG 33 76 37
KNUST 12 16 17
UCC 12 16 17
UDS 2 6 2

5 Bank of Ghana Govt UG 8 15 7
KNUST 1 1 1
UCC 1 1 1
UDS 1 1 1

6 Korle Bu Teaching Hospital Med UG 367 488 374
KNUST 47 66 65
UCC 47 66 65
UDS 6 8 19

7 Agogo Presby Hospital Med UG 1 1 1
KNUST 36 57 28
UCC 0 0 0
UDS 0 0 0

8 Kumasi Center for Collaborative Research in Tropical Medicine other UG 36 40 31
KNUST 206 215 121
UCC 0 0 0
UDS 6 5 3

9 Ghana AIDS Commission Govt UG 4 9 3
KNUST 0 0 0
UCC 0 0 0
UDS 0 0 0

10 Youth Harvest Foundation Ghana Other UG 0 0 0
KNUST 0 0 0
UCC 0 0 0
UDS 1 1 1

Source: Authors’ own work
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intensive UIC with the four universities, only UDS has had
fewer collaborations from three of them (GHS, GAEC and
KBTH) compared with other institutions. Combining these
results with the fact that UG and KNUST have, comparatively,
collaboratedmore with the four non-academic institutions than
UCC and UDS, some possible explanations can be deduced.
First, proximity to the universities influences the extent to
which the non-academic institutions collaborate with the
different universities. For instance, UG collaborated more with
institutions within the Greater Accra region (e.g. GHS, GAEC
and KBTH), whereas KNUST collaborated more with
institutions within the Ashanti region (e.g. KCCR). In the same
vein, UDS was the only university to have collaborated with
YHFG, an institution in the Upper East region of Ghana.
These trends confirm the notion that “geographical proximity
fosters interaction and knowledge exchange collaboration
between firms and universities” (Atta-Owusu et al., 2021, p. 2).
In other words, industries are more likely to collaborate with
local universities. It has, however, been shown that the
influence of geographical proximity on collaboration decisions
(includingUIC) decreases over time (Atta-Owusu et al., 2021).
A second possible explanation is the fact that some institutions

have shared facilities and resources. For instance, both GAEC
and KBTH have shared campuses and teaching and research
facilities with UG. Students offering most of the health science
programmes at UG are mostly trained at the KBTH facilities

(Owusu-Nimo and Boshoff, 2017). Similarly, the School of
Nuclear and Allied Sciences was jointly established by UG and
GAEC to offer graduate-level programmes in atomic energy-
related fields. Also, KCCR was developed as a platform
for biomedical, agricultural and ecological research, with
collaboration between theKNUST’s School ofMedical Sciences
and the Bernhard-Nocht Institute for Tropical Medicine in
Hamburg, Germany. It is the vision of the Centre to “attract the
most talented and innovative KNUST scientists who carry
innovative concepts and technologies back to their departments,
faculties and beyond” (KCCR, 2022). The Committee for
Human Research and Publication of the KNUST also conducts
ethical evaluations and approve prospective research projects
with the centre. These relationships based on shared facilities and
resources are likely the reasons why some of the non-academic
institutions collaborated more with the selected universities than
did others.

University–industry collaboration across the Scopus
fields of research
Tables 5 and 6 should be read side-by-side as they detail the
number and ratio of institutions collaborating with the four
universities across the different subject fields, according to
SciVal classification. The percentages in Table 5 are based on
the data in Table 6. Across all subject fields, most of the
institutions that collaborated with the four universities were

Table 5 Percentage share of the number of academic and industry institutions collaborating with Ghanaian universities across the fields of research

UG KNUST UCC UDS
Field of research Acad. Ind. Acad. Ind. Acad. Ind. Acad. Ind.

Agricultural and biological sciences 76.62 23.38 80.93 19.07 82.05 17.95 84.18 15.82
Arts and humanities 89.02 10.98 95.89 4.11 98.11 1.89 88.46 11.54
Biochemistry, genetics and molecular biology 72.61 27.39 78.83 21.17 81.82 18.18 78.63 21.37
Business, management and accounting 95.60 4.40 94.08 5.92 97.14 2.86 94.74 5.26
Chemical engineering 88.29 11.71 88.66 11.34 86.67 13.33 87.50 12.50
Chemistry 79.51 20.49 83.61 16.39 86.27 13.73 75.47 24.53
Computer science 89.40 10.,60 83.42 16.58 90.57 9.43 85.71 14.29
Decision sciences 85.42 14.58 80.15 19.85 100.00 0.00 92.31 7.69
Dentistry 61.54 38.46 90.91 9.09 0.00 0.00 0.00 0.00
Earth and planetary sciences 80.08 19.92 80.98 19.02 74.16 25.84 88.14 11.86
Economics, econometrics and finance 91.63 8.37 95.33 4.67 95.56 4.44 87.23 12.77
Energy 84.70 15.30 86.34 13.66 81.13 18.87 84.62 15.38
Engineering 81.86 18.14 93.90 6.10 83.58 16.42 88.46 11.54
Environmental science 82.40 17.60 83.33 16.67 81.59 18.41 86.44 13.56
Health professions 82.64 17.36 90.91 9.09 84.62 15.38 81.25 18.75
Immunology and microbiology 75.49 24.51 73.54 26.46 77.81 22.19 76.47 23.53
Materials science 82.83 17.17 93.28 6.72 86.96 13.04 85.71 14.29
Mathematics 80.46 19.54 82.47 17.53 93.10 6.90 93.10 6.90
Medicine 69.20 30.80 67.36 32.64 75.97 24.03 57.14 42.86
Multidisciplinary 77.40 22.60 76.55 23.45 81.66 18.34 77.12 22.88
Neuroscience 83.73 16.27 78.92 21.08 78.26 21.74 84.29 15.71
Nursing 80.99 19.01 80.13 19.87 89.29 10.71 78.46 21.54
Pharmacology, toxicology and pharmaceutics 76.49 23.51 79.61 20.39 90.16 9.84 83.78 16.22
Physics and astronomy 76.16 23.84 84.65 15.35 82.22 17.78 76.92 23.08
Psychology 92.54 7.46 84.21 15.79 92.86 7.14 77.78 22.22
Social sciences 86.46 13.54 84.30 15.70 92.12 7.88 87.18 12.82
Veterinary 71.53 28.47 75.38 24.62 82.35 17.65 84.31 15.69

Source: Authors’ own work
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academic institutions (UUC). For example, out of the total of
633 institutions that collaborated with UG in the areas of
agricultural and biological sciences, 485(76.62%) were
academic, whereas 148 (23.38%) belonged to the “industry”
category. Meanwhile, in the field of Decision Sciences, all 13
(100%) institutions that collaborated with UCC are academic
institutions.
The data in Table 6 further reveals that the majority of the

non-academic (industry-based) institutions, expressed as a
percentage of the total number of non-academic (industry-
based) institutions that collaborated with the four universities,
collaborated in the field of Medicine (UG ¼ 624, 26.49%;
KNUST ¼ 639, 31.87%; UCC ¼ 302, 37.33%; and UDS ¼
255, 41.13%). The smallest number of non-academic
(industry-based) institutions collaborated in the fields of Arts
and Humanities (UCC¼ 1, 012%),Dentistry (UG¼ 5, 0.21%),
Decision Sciences (UDS ¼ 1, 0.16%) and Health Professions
(KNUST ¼ 3, 0.15%). The top five subject fields, where most
of the non-academic (industry-based) institutions collaborated
with the four universities are (in alphabetical order),
Agricultural and Biological Sciences (UG ¼ 148, 6.28%;
KNUST ¼ 135, 6.73%; UCC ¼ 42, 5.19%; UDS ¼ 31,
5.00%); Biochemistry, Genetics and Molecular Biology (UG ¼
376, 15.96%; KNUST ¼ 225, 11.22%; UCC¼ 130, 16.07%;
UDS ¼ 50, 8.06%); Immunology and Microbiology (UG ¼ 202,
8.57%; KNUST ¼ 199, 9.93%; UCC ¼ 87, 10.75%; UDS ¼

44, 7.10%); Medicine (UG ¼ 624, 26.49%; KNUST ¼ 639,
31.87%; UCC ¼ 302, 37.33%; UDS ¼ 255, 41.13%); and
Multidisciplinary (UG ¼ 165, 7.00%; KNUST ¼ 178, 8.88%;
UCC¼ 86, 10.63%; UDS¼ 54, 8.71%). None of the industry-
based institutions collaborated with UCC in the fields of
Decision Sciences andDentistry orUDS in the field ofDentistry.
Similarly, in terms of the number of co-authored

publications across the different subject fields, the data in
Tables 7 and 8 show that the number of co-authored
publications was lower for UIC as opposed to UUC in most of
the fields except for instances where the field yielded no
publications. The highest number of UIC co-authored
publications, expressed as a percentage of the total number of
co-authored publications per subject field was witnessed in
Neuroscience (UG¼ 51.30%; UDS¼ 50.00%) and Immunology
and Microbiology (KNUST ¼ 50.98). Almost all the industry
co-authorships accounted for less than 50% of the total number
of co-authored publications in each field and university as
shown inTables 7 and 8.
The majority of UIC co-authored publications, expressed as

a percentage of the total number of UIC co-authored
publications for each university, was witnessed in Medicine
(UG ¼ 1,738, 40.18%; KNUST ¼ 999, 42.72%; UCC¼ 288,
43.64%; UDS ¼ 224, 36.54%). The smallest number of
co-authored publications per each university were witnessed in
Decision Sciences (UG¼ 5, 0.12%; UDS ¼ 1, 0.16%) and Arts

Table 6 Number of academic and industry institutions collaborating with Ghanaian universities across the fields of research

Research fields
UG KNUST UCC UDS

Acad. Ind. Acad. Ind. Acad. Ind. Acad. Ind.

Agricultural and biological sciences 485 148 573 135 192 42 165 31
Arts and humanities 219 27 70 3 52 1 23 3
Biochemistry, genetics and molecular biology 997 376 838 225 585 130 184 50
Business, management and accounting 174 8 143 9 68 2 36 2
Chemical engineering 98 13 86 11 39 6 14 2
Chemistry 260 67 199 39 44 7 80 26
Computer science 135 16 166 33 48 5 24 4
Decision sciences 41 7 105 26 13 0 12 1
Dentistry 8 5 50 5 0 0 0 0
Earth and planetary sciences 213 53 166 39 66 23 52 7
Economics, econometrics and finance 186 17 102 5 43 2 41 6
Energy 155 28 139 22 43 10 22 4
Engineering 176 39 231 15 56 11 46 6
Environmental science 529 113 565 113 164 37 153 24
Health professions 100 21 30 3 22 4 13 3
Immunology and microbiology 622 202 553 199 305 87 143 44
Materials science 82 17 111 8 40 6 12 2
Mathematics 70 17 127 27 27 2 27 2
Medicine 1,402 624 1319 639 955 302 340 255
Multidisciplinary 565 165 581 178 383 86 182 54
Neuroscience 247 48 292 78 18 5 59 11
Nursing 196 46 125 31 25 3 51 14
Pharmacology, toxicology and pharmaceutics 205 63 121 31 55 6 31 6
Physics and astronomy 214 67 182 33 37 8 80 24
Psychology 360 29 64 12 26 2 21 6
Social sciences 645 101 376 70 222 19 170 25
Veterinary 98 39 49 16 14 3 43 8

Source: Authors’ own work
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and Humanities (KNUST ¼ 3, 0.13%; UCC ¼ 1, 0.15%). No
publications were co-authored in the fields of Dentistry for
UCC and UDS, and Decision Sciences for UCC. The top seven
subject fields where most UIC publications were co-authored
across the four universities (in alphabetical order) are
Agricultural and Biological Sciences (UG ¼ 289, 6.68%;
KNUST ¼ 174, 7.45%; UCC ¼ 41, 6.21%; UDS ¼ 58,
9.46%); Biochemistry, Genetics and Molecular Biology (UG ¼
486, 11.23%; KNUST ¼ 213, 9.11%; UCC¼ 62, 9.39%;
UDS ¼ 61, 9.95%); Environmental Science (UG¼ 202, 4.67%;
KNUST ¼ 106, 4.54%; UCC¼ 40, 6.06%; UDS ¼ 25,
4.08%); Immunology and Microbiology (UG ¼ 356, 8.23%;
KNUST ¼ 235, 10.06%; UCC¼ 37, 5.61%; UDS ¼ 59,
9.62%); Medicine (UG ¼ 1,738, 40.18%; KNUST ¼ 999,
42.72%; UCC¼ 288, 43.64%; UDS ¼ 224, 36.54%);
Multidisciplinary (UG ¼ 200, 4.67%; KNUST ¼ 150, 6.42%;
UCC¼ 37, 5.61%; UDS ¼ 46, 7.50%); and Social Sciences
(UG¼ 151, 3.49%; KNUST¼ 65, 2.78%; UCC¼ 25, 3.79%;
UDS¼ 22, 3.59%).
Consistent with the data in Table 3, these results show that

there were fewer UIC co-authored publications across the four
universities in almost all fields. The only instances where
relatively higher numbers of publications were co-authored
through UICwere in the field ofNeuroscience, in the case of UG
and UDS, and Immunology and Microbiology, in the case of
KNUST. Overall, across all fields and universities, the most

research-intensive area wasMedicine (7,581, 28.59%), and the
least research-intensive area was Dentistry (28, 0.11%), based
on Table 8. When adjusted for only UIC co-authored
publications, the trend remains the same, withMedicine (3,249,
40.96%) being the most intensive research area and Dentistry
(11, 0.14%) being the least. This presents an interesting
revelation, in that the proportion of the intensity of research in
the field ofMedicine appreciates significantly from 29% to 41%
and marginally from 0.11% to 0.14% in the case of Dentistry,
when we consider UIC co-authored publications only. This
trend is also confirmed by the proportion of non-academic
industry institutions that collaborated on research with the four
universities, across all subject fields (see Table 6). Many of the
collaborations by these industry-based institutions occurred in
the field of Medicine (1,820, 31.43%) and the least is Dentistry
(10, 0.17%). It can be deduced, therefore, that the four
selected universities collaborated intensively in the field of
Medicine, and collaborated the least in the field of Dentistry,
during the period under review.

Conclusion and recommendations

The purpose of the study was to investigate the patterns, trends
and extent of university–industry research collaboration in
Ghana between 2011 and 2020, using the top four universities as
cases of study. It emerged that research collaborations
contributed largely to the growth in the research output of the

Table 7 Percentage share of co-authored publications across the fields of research

Research fields
UG KNUST UCC UDS

Acad. Ind. Acad. Ind. Acad. Ind. Acad. Ind.

Agricultural and biological sciences 74.58 25.42 77.89 22.11 82.85 17.15 85.17 14.83
Arts and humanities 81.31 18.69 94.12 5.88 97.83 2.17 85.00 15.00
Biochemistry, genetics and molecular biology 57.26 42.74 62.57 37.43 75.69 24.31 68.72 31.28
Business, management and accounting 95.44 4.56 95.96 4.04 97.78 2.22 95.74 4.26
Chemical engineering 87.36 12.64 89.09 10.91 85.37 14.63 89.47 10.53
Chemistry 67.87 32.13 77.63 22.37 83.02 16.98 63.89 36.11
Computer science 87.21 12.79 89.71 10.29 76.19 23.81 87.18 12.82
Decision sciences 87.18 12.82 82.61 17.39 100.00 0.00 90.00 10.00
Dentistry 57.14 42.86 64.29 35.71 0.00 0.00 0.00 0.00
Earth and planetary sciences 62.78 37.22 81.78 18.22 70.69 29.31 86.11 13.89
Economics, econometrics and finance 92.47 7.53 95.97 4.03 96.49 3.51 89.83 10.17
Energy 63.80 36.20 89.86 10.14 82.14 17.86 87.10 12.90
Engineering 76.25 23.75 93.40 6.60 84.52 15.48 88.41 11.59
Environmental science 73.94 26.06 83.25 16.75 79.38 20.62 85.55 14.45
Health professions 61.90 38.10 83.33 16.67 82.35 17.65 80.00 20.00
Immunology and microbiology 57.57 42.43 49.02 50.98 72.18 27.82 65.50 34.50
Materials science 76.36 23.64 87.32 12.68 84.78 15.22 84.62 15.38
Mathematics 87.69 12.31 87.14 12.86 78.95 21.05 90.00 10.00
Medicine 55.70 44.30 56.30 43.70 61.80 38.20 63.75 36.25
Multidisciplinary 61.39 38.61 57.02 42.98 70.87 29.13 63.78 36.22
Neuroscience 48.70 51.30 70.00 30.00 76.47 23.53 50.00 50.00
Nursing 69.84 30.16 68.87 31.13 93.33 6.67 70.00 30.00
Pharmacology, toxicology and pharmaceutics 70.90 29.10 80.30 19.70 94.00 6.00 81.48 18.52
Physics and astronomy 58.43 41.57 76.74 23.26 70.42 29.58 65.71 34.29
Psychology 81.04 18.96 71.88 28.13 92.31 7.69 75.00 25.00
Social sciences 85.27 14.73 88.64 11.36 91.53 8.47 88.48 11.52
Veterinary 60.47 39.53 53.52 46.48 73.33 26.67 78.26 21.74

Source: Authors’ own work
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four universities, even though UIC on research still represents a
relatively lesser component of the total research collaborations of
the universities. Furthermore, it was noted that most of the UIC
on research that the four universities have engaged in have been
with European, Asia-Pacific and North American-based
institutions and to a lesser extent with African-based institutions.
Locally, four Ghanaian industry-based institutions (GHS,
GAEC, KBTH and KCCR) were found to have the most
research-intensive UIC with the four universities. What is more,
it appears that the four universities tend to collaboratemore with
industry-based institutions in close proximity to them.
Regarding the performance of the four universities regarding

collaboration intensity, different rankings emerged, depending on
which indicators were used. For the proportion of co-authorships
to total research output, and UIC by type, the ranking is UDS,
KNUST, UG and UCC in that order. For UIC involving local
industry-based institutions (in terms of the number of co-
authored publications and the number of co-authors), the ranking
is UG, KNUST, UCC and UDS, in that order. Finally, for UIC
based on subject field, different rankings exist across the different
fields. However, for the most research-intensive field for UIC,
which isMedicine, the ranking is UCC, KNUST,UG andUDS.
Regarding this study’s limitations, the fact that the study was
conducted on only one database, despite its quality, can be
considered a limitation, as some productive and influential studies
may have been left out. Again, provided that the measurement of
research performance is usually assessed by the number of

publications, academic research performance should bemeasured
by both quantity and impact of publication (Liao, 2011). As such,
given that this study did not include the impact of collaborations
between the universities and industry, this is another limitation of
this study. With respect to areas for further studies, the study
focused on four public universities, whereas further studies may
extend to other public, and or private universities in Ghana.
Again, this study presents descriptive analysis of the publication
output because of UIC, whereas further studies may examine the
difference in publication outputs across the universities.
Furthermore, future research could consider more than one
database with a triangulation of both the quantitative and
qualitative approaches to gain an in-depth understanding of the
descriptive analysis of this study. Finally, a collaborative study
between universities across countries is also recommended.

Implications of the study

The current study adds novelty in the knowledge generation on
UIC in Ghana and helps to fill a gap in the literature on the
patterns, trends and extent of UIC in research in Ghana. It
provides useful data to inform knowledge generation and
innovation policies across universities in Ghana and on the
continent of Africa. The current study helps to identify areas
that need more collaboration and comparative data on which
universities in Ghana are the main providers of scientific
knowledge and services for the industries in Ghana, as well as in

Table 8 Number of co-authored publications across the fields of research

Research fields
UG KNUST UCC UDS

Acad. Ind. Acad. Ind. Acad. Ind. Acad. Ind.

Agricultural and biological sciences 848 289 613 174 198 41 333 58
Arts and humanities 161 37 48 3 45 1 17 3
Biochemistry, genetics and molecular biology 651 486 356 213 193 62 134 61
Business, management and accounting 293 14 190 8 88 2 45 2
Chemical engineering 76 11 98 12 35 6 17 2
Chemistry 150 71 118 34 44 9 23 13
Computer science 150 22 122 14 48 15 34 5
Decision sciences 34 5 38 8 16 0 9 1
Dentistry 8 6 9 5 0 0 0 0
Earth and planetary sciences 221 131 175 39 41 17 31 5
Economics, econometrics and finance 270 22 119 5 55 2 53 6
Energy 104 59 133 15 23 5 27 4
Engineering 199 62 354 25 71 13 61 8
Environmental science 573 202 527 106 154 40 148 25
Health professions 65 40 30 6 28 6 12 3
Immunology and microbiology 483 356 226 235 96 37 112 59
Materials science 84 26 124 18 39 7 11 2
Mathematics 57 8 61 9 30 8 18 2
Medicine 2,185 1,738 1,287 999 466 288 394 224
Multidisciplinary 318 200 199 150 90 37 81 46
Neuroscience 56 59 63 27 13 4 11 11
Nursing 220 95 104 47 28 2 49 21
Pharmacology, toxicology and pharmaceutics 173 71 159 39 94 6 22 5
Physics and astronomy 104 74 99 30 50 21 23 12
Psychology 171 40 46 18 24 2 9 3
Social sciences 874 151 507 65 270 25 169 22
Veterinary 78 51 38 33 11 4 36 10

Source: Authors’ own work
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which areas such collaborations or technology transfers are
taking place. Overall, the study contributes to the literature
relating to UIC and offer insights on how to improve these
collaborations. Again, the findings from the analysis presented
in this study revealed an increase in studies relating to UIC in
recent years and hence reinforces the relevance of the subject
matter. Furthermore, the content of the current study can be
implemented as the guidelines forUIC analysis inGhana. Other
studies could use the findings of this study as a benchmark to
conduct other related analyses on UIC in Ghana and Africa.
Indeed, knowledge on the UIC in Ghana is informative and
insightful to the global community and could serve as useful
references for future cross-country collaborations.
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