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Abstract: Innovation is a key aspect for the sustainability and competitiveness of organisations, and
of the economy in general. In recent years, Open Innovation (OI) has burst onto the scene as a more
open approach, in which the sources and exchange of knowledge are extended beyond organisational
borders. One of the main actors and providers of knowledge is the University. The literature related
to OI and the University is very prolific, but at the same time dispersed. This paper aims to expand
on the trend in research on OI and University. To do this, bibliometric techniques have been used to
analyse a sample of 349 articles from journals indexed in the Web of Science (WoS) between 2005 and
2020. The results suggest that there is a high level of interest in research on this subject and that it is in
full swing. The focus of the research is on topics such as collaboration, business–industry, R&D, networks,
performance or knowledge-transfer. Emerging themes such as knowledge-spillover or absorptive-capacity
appear, which are related to the research sensitivity on the true use of the knowledge generated. In
recent years, there has been a trend towards research into entrepreneurship, key aspects of R&D
such as strategy and cooperation, or education management. With regard to research related to
University–Enterprise cooperation, the focus has been on SMEs, Helix models, entrepreneurship, or
commercialisation. Finally, there are areas of research that require greater development related to
family businesses and SMEs. This work sheds light on the state of the literature related to OI and
University and is very useful for the orientation of future work in the field of research.

Keywords: open innovation; R&D; knowledge transfer; absorptive-capacity; university; business;
university–business; SciMAT

1. Introduction

Innovation management in organisations has become a fundamental aspect for the
sustainability and competitiveness of both companies and the economy in general [1,2].
Researchers have been interested in innovation for more than a century. This early research
was based almost exclusively on technological inventions, which were typical of advances
in industrial innovation, where science and technology played a leading role [3,4]. Today,
we are faced with a wide range of forms of innovation. Some approaches are still oriented
to the technological field, where topics such as radical or incremental innovation [5] or
product and process innovation [6] are located. On the other hand, other forms of non-
technological innovation also appear, including organisational innovation [7,8], managerial
innovation [9], or institutional innovation [10]. Early conceptualisations of innovation
defined it as a closed, internal process, hidden from external entities [11], where organisa-
tions felt driven by the possibility of gaining a competitive advantage through patents and
control of intellectual property [12].

The current panorama has changed, with the latest research indicating the growing
relevance of external sources of innovation [13]. Organisations cannot rely solely on their
own Research and Development (R&D) capacity, so they are increasingly involved in what
Chesbrough [12] called Open Innovation (OI): “ . . . the purposive inflows and outflows of
knowledge to accelerate internal innovation and to expand the markets for external use of
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innovation, respectively . . . ”. Organisations adopt a more open approach to innovation,
collaborating with external stakeholders by sharing knowledge, resources, and technology
across organisational boundaries [14]. The boundaries of the organisation have become
more permeable and innovation in the enterprise has moved from an internal location
to a relational system that includes its external partners [15,16]. Open Innovation allows
organisations to integrate and commercialise resources and capabilities complementary to
those of their own structure, and thus to add value and maximise the benefits of innovative
activity [17,18]. Different agents can participate in these external–internal and internal–
external knowledge flows: suppliers, collaborating companies, competitors, universities,
technology centres and institutes, customers and government institutions.

Innovation within companies can be considered as the result of knowledge and col-
laboration networks distributed among different agents [19,20]. Before the irruption of
the Open Innovation concept introduced by Chesbrough [12], the Triple Helix model [21]
already advanced a means of collaboration between University, Industry and Govern-
ment. In an environment where the importance of knowledge is increasing, the University
has been positioning itself more and more in the institutional firmament. In this way,
the University has changed its merely academic and research role to present itself as an
entrepreneurial university [22] and with a certain business character [23–25]. The commer-
cialisation of academic knowledge, through the granting of patents and other forms of
invention, constitutes an immediate and measurable acceptance of the University’s research
work [26]. This evolution of the role played by the University has increased the interest of
the scientific literature in this field and drawn attention in the political community [27,28].
Similarly, companies have been increasing their technological level, which brings them
closer to a more academic and research model [29,30]. These circumstances have facilitated
a climate of collaboration between university and business which has aroused the interest
of researchers, who have analysed the moderating elements and characteristics of this
relationship [29–32].

1.1. University–Business Collaboration Models

Cooperation between universities and companies is presented as a tool for innovation
and is growing considerably, although it is not exempt from elements that condition its
viability and success. Galán-Muros and Plewa [33] analyse the factors which drive or stop
cooperation between university and business, highlighting the role of the driving agents
and the type of relationship. Another of the characteristics which distinguish this mode of
collaboration is defined by the nature of the links which connect both organisations. When
interorganisational links related to research are promoted between companies, the type of
relationship may present different models, the relationship may be formally established
through research and development alliances [34], it may also be focused on innovation
along the supply chain [35], or on the other hand, this relationship may be based on
informal social networks led by members of different organisations [36]. On the other
hand, when these interorganisational links occur between companies and educational or
research entities, the collaborative processes for innovation present a model with particular
characteristics, which has generated a remarkable monitoring of the scientific community
from different disciplines [37–39].

One of the differentiating elements that distinguishes the relationship between univers
ity–business and business–enterprise is the role of the university as a trusted intermediary
in innovation relations through its transfer offices [40]. Perkman [13] analyses the so-called
academic commitment, which is defined as collaboration related to knowledge in which aca-
demic researchers and non-academic organisations participate, and in which there is room
for both formal activities (collaborative research, contract research and consultancy) and
informal activities (personalised advice, networks of contacts with professionals) [41,42].
The author of Reference [13] summarises and generally describes up to seven different
links between university and business: research associations, research services, academic
entrepreneurship, human resource transfer, informal interaction, commercialisation of
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property rights and scientific publications. In any case, the scientific literature has listed
multiple classifications to describe these innovation links, according to the organisational
level at which the links are maintained [43], according to the types of motivation and attrac-
tion between university and enterprise [39], according to the location of the collaborative
entities [44], or the cases of cross-border collaboration of multinational enterprises [45],
among others.

1.2. Motivating Agents and Objectives of the Collaboration

Universities are organisations that carry out the functions of teaching, research and
knowledge transfer and play a key role in contemporary societies through their educa-
tional and knowledge-generating role. Recently, and driven in many cases by government
initiatives, many universities are playing and promoting research links with private enti-
ties [46–50]. These government initiatives are extremely important and act as a motivating
agent in this university–business relationship. The funding provided by local governments
not only acts as a financial support for research, but also provides control mechanisms
that can improve the outcome of such collaboration [51–53]. Research on the influence
of governments on OI strategies is extensive, with cases considered from Poland [54],
Portugal [55], Dubai [56], Spain [57], the Netherlands [58] and others. It shows how dif-
ferent government programmes and plans present a key element in the coordination and
achievement of OI between university and business.

Likewise, it is worth asking how these collaborative processes take place and what
objectives they pursue. In the study of university–business links, researchers have often
used the number of patents, licences, specialised courses, entrepreneurial practices and
research co-authorships to analyse what is the fruit of this relationship [59–61]. However,
important information regarding the motivations and other organisational aspects that
define this practice is in danger of being overlooked [13]. Other qualitative studies provide
more in-depth aspects of relationships [62,63] which, while describing more detail about re-
lationship motivations, are less adequate to correctly measure the impact and consequences
of the relationship.

Growing competition between suppliers of products and services, rapid market de-
velopments and also growing pressure from different social groups, have led companies
to seek new practices in order to remain competitive [64]. The university, for its part, is
in a dynamic of knowledge dissemination beyond the borders of its organisation, where
the creation of companies derived from the university is positioned as a successful model
of knowledge transfer [24]. The following question could be asked: What motivates
companies and universities to collaborate and what benefits do they obtain? Numerous re-
searchers have published on this subject, mostly through case studies [44,45,65–67], where
no clear consensus seems to have been reached on motivations and performance in the OI
among these entities.

Inauen and Schenker-Wicki [68] analysed how the chosen partner influences the
results obtained in an Open Innovation strategy to the outside. It shows how universities
have a positive effect on innovation outcomes compared to negative outcomes when the
partner is other cross-sector companies. Mention [69] indicates how information from
competitors can negatively influence the degree of novelty of innovation. Cruz-González
et al. [70] describe the influence that formal liaison devices and the absorption capacity of
organisations have on the outcome of Open Innovation techniques, in relation to knowledge
acquisition and the impact on product novelty.

Patents are one of the main results of R&D activities [71]. One of the most visible
consequences of OI techniques is intellectual co-ownership or co-patents. When the inno-
vation partners are other industries or companies, problems with the appropriation of the
value of industrial property become more evident. On the other hand, if the partner is the
university, the co-ownership is associated with greater value in the market and in many
cases, with greater scientific dissemination [72], aspects that benefit both participants.
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Economic innovation and sustainability have been other objectives sought by compa-
nies in their Open Innovation strategies, although they may conflict in certain cases [64].
It is also necessary to analyse the behaviour of individuals towards Open Innovation
and what are their challenges and motivations for this practice. Significant changes in
the nature of research and in the behaviour of organisations in general are required to
facilitate the external engagement that researchers need to make [73]. The main factors for
a researcher to participate in an exchange of knowledge transfer are multiple, in addition
to personal, professional and institutional recognition, the use of social networks and the
impact on them stands out as one of the main drivers [74], so this type of platform between
universities and companies should be encouraged.

1.3. The Absorption Capacity and Size of the Company

Another key aspect for an organisation to obtain a satisfactory performance in its
strategy of acquisition of external knowledge is the capacity of absorption. The expected
benefits of Open Innovation practices are not assured and will depend on how prepared
the company is to adopt and adapt this new source of knowledge [75–78]. In this respect,
we can mention the “not invented here” syndrome analysed by Katz and Allen in 1982 [79].
The capacity of organisations to absorb external knowledge has focused the scientific
stream in a large number of cases, where research has been carried out on how companies
can better develop their capacities to search for, acquire and implement technology and
knowledge [80,81]. The absorption capacity of an organisation has been related to the source
of origin and the type of formal or informal relationship between the partners [70], and it
has also been found that companies that hire specialised public and private science-based
organisations demonstrate greater absorption capacity [82]. Miller et al. [83] distinguish
five factors that influence the understanding of knowledge transfer: the human being,
organisational factors, the characteristics of the knowledge transferred, power relations
between collaborators and the characteristics of contact networks. However, not enough
theoretical perspectives have yet been included to relate absorption capacity to other more
developed topics, such as management, marketing or organisational behaviour [14]. It is
therefore not enough to look for good ‘travelling companions’ in Open Innovation. The
organisation must be prepared to recognise the value of new information, assimilate it and
apply it for commercial purposes [84].

Another of the factors that condition Open Innovation practices between the university
and companies is the size of the business organisations, mainly due to the available
resources, the objectives sought and the OI techniques employed. The majority of small
and medium enterprises (SMEs) do not carry out formal R&D activities [85] so they depend
on OI more than large corporations for effective innovation [86,87]. Many SMEs are
involved in OI initiatives [86,88], but they face significant challenges in managing OI
practices [89–91], as they generally have limited resources for innovation and unstructured
internal capabilities [85]. However, SMEs also have some characteristics which show them
to be more desirable partners for the OI than large organisations, as they are more flexible in
decision-making and assume greater risks, and in many cases, they are also distinguished
by their highly specialised knowledge in a given field [92].

SMEs are somewhat more reluctant to collaborate with other companies in the same
sector, but they do find partners in universities and transfer offices more suited to their
needs. D’Angelo and Baroncelli [65] argue that SMEs’ collaboration with universities has a
positive impact on product innovation, but not so much on innovation performance. Uni-
versities or other knowledge organisations qualify SMEs as very important collaboration
partners, while SMEs do not consider these institutions to be equally important, since the
fruit of the relationship is associated with an improvement and nuance of the knowledge
that the company already had, and not with an industrial novelty itself [93].
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1.4. Justification and Objectives of the Research

Research on Open Innovation is booming, although the many approaches and the
different typologies of the collaborating agents mean that there is no clear consensus
on this subject. The field of study is very broad and fragmented. In the last 15 years,
Open Innovation has become an area of growing interest for researchers. The number of
manuscripts referring to this concept is increasing and it is possible to find special issues of
journals entirely dedicated to Open Innovation, such as: Technovation 31, 1 [94], Research
Policy 43, 5 [95], International Conferences: World Open Innovation Conference WOIC [96],
Conference of Open Innovation Association Fruct 2020 [97], or Journals and books whose
main theme is Open Innovation: Journal of Open Innovation Technology Market and
Complexity [98], and Researching Open Innovation in SMEs [99].

Within the field of research on Open Innovation, we believe that the role of the uni-
versity deserves special attention. This research focuses on the analysis of the literature
dealing with Open Innovation and the university. The aim is to give visibility to broad-
ening knowledge through analysis of the research and scientific results of publications
on this subject. This research pursues two main objectives: on the one hand, it seeks to
obtain a global perspective of the evolution of research with respect to university–business
collaboration within the framework of the OI, for which a descriptive statistical analysis of
the main activity indicators in the published literature is carried out. On the other hand,
bibliometric techniques are used to visualise which topics have been most important in
the related literature in this field, highlighting those that lead and have led the research
activity in recent years. Therefore, the purpose of this research is to gather in a document,
by means of bibliometric techniques, the most important issues and orientations in the
analysis of Open Research and university in the last years, in order to help companies and
universities to make decisions about their Open Innovation strategy.

The techniques used allow us to show a detailed study of the evolution of the research
carried out through longitudinal and strategic maps of the topics addressed with the
greatest interest.

The present manuscript consists of four parts: (a) introduction, where the most impor-
tant factors within the Open Innovation strategies have been presented, (b) description of
the methodology and materials used, (c) results, where the literary production on Open
Innovation and university, evolution of keywords, longitudinal analysis, strategic maps by
periods and evolution of cooperation between university and business are analysed, and
(d) discussion, conclusions and limitations of the research.

2. Methods

The aim of this research is to analyse what the research trends have been with respect
to Open Innovation and the role of the university. To this end, bibliometric techniques are
used that will allow us to analyse the published material from an objective perspective by
organising the information contained in each manuscript [100]. The metric analysis carried
out on the bibliography will allow us to consider what the main research topics in this
field are, as well as the relationship between them. In this way, useful information will be
generated for researchers and other interest groups that evaluate scientific activity on this
subject [101,102].

2.1. Materials

To conduct the research review on OI and University, the Web of Science (WoS) [103]
database was searched. The reason for choosing this database was that it provides biblio-
graphical data and related information on high-level publications, from the perspective of
scientific quality. The search was carried out in September 2020. The search parameters
were “Open Innovation” and “Universit*”. Results were restricted to research articles
included in the Science Citation Index Expanded (SCI-Expanded), Social Sciences Citation
Index (SSCI) and Emerging Sources Citation Index (ESCI), without limiting the year of
publication. For this research, our interest lies in finding articles that contain the references
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“Open Innovation” and “University”, either in the title of the publication, in the keywords
or in the abstract. Likewise, and due to the different disciplines that address this topic, we
have not limited the search by areas of knowledge.

This search configuration reported a total of 381 WoS items. From here, the first step
taken by the authors was to identify which articles did not correspond to the topic being
searched. The titles and abstracts of the sample found were read, and after a joint evaluation,
a total of 32 papers were discarded as not suitable for the analysis and subject matter of this
research. With regard to the relevance of the sample, no articles were discriminated against in
relation to the number of citations obtained, since in recent articles this distinction could leave
out of the bibliometric analysis recent articles that had not yet reached their highest level of
impact. The sample selected for bibliometric analysis is restricted to a total of 349 articles.

To carry out the longitudinal analysis of the literature that researches Open Innovation
with the university, firstly, the periods to be analysed were established. The criterion used
tries to keep a balance between the time that each period comprises and the number of
publications, however, taking into account the short space of time, barely 15 years, and
following the criterion of establishing the maximum possible periods to enrich the lon-
gitudinal analysis, priority was given to temporalisation over the number of published
manuscripts, with the distribution in terms of documents being unbalanced, above all, by
the high number of publications in the last period. Thus, three periods were established,
the first of 8 years between the years (2005–2012) with 64 documents, the second of 4 years
(2013–2016) with 114 documents and the last with another 4 years (2017–2020) with 171 doc-
uments (Table 1). In order to achieve the maximum balance of representation and to allow
a rigorous analysis, the sample was subjected to the filters that the software provides for
the establishment of its weighting.

Table 1. Periods and number of documents per period.

Number Period No. of Documents

1 2005–2012 64
2 2013–2016 114
3 2017–2020 171

Source: Prepared by the authors on the basis of SciMAT data.

2.2. Software

The SciMAT software was used for the construction of the longitudinal and strategic
maps and thematic networks. The choice of this software is due to the fact that, despite
the fact that there are many tools that allow scientific mapping, see Bibexcel, CiteSpace II,
Co PalRed, IN-SPIRE, Gephi, VantagePoint or VOSViewer, among others, SciMAT [104]
synthesizes most of the advantages of the existing tools, in addition to allowing longitudinal
analysis, the essential objective of this work. The configuration was as follows: the author’s
keywords and the keywords from the source were used as the unit of analysis. To build
the networks, co-occurrences have been used. To normalise the network, the equivalence
index was used as a measure of similarity. Finally, to create the scientific map of topics and
their networks, the single-centre clustering algorithm was used.

In order to represent the evolution of literature, we used longitudinal maps (Figure 1, left).
These allow us to observe which themes have been formed in the previously established
periods and what their evolution has been over time. To observe the role played by a theme
in the field of research, we used strategic maps. These are divided into four quadrants
(Figure 1, centre): (A) the driving themes, which symbolise the themes that lead the
speciality, are well developed and important for the construction of the scientific field,
(B) the basic themes, which are important for the scientific field but are not sufficiently
developed, (C) the emerging or decadent themes, which are very underdeveloped and
marginal, and (D) the peripheral themes, which are characterised by being very specialised.
Finally, from each cluster or main theme that appears in the above maps, a network or
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network is formed, which is called a thematic network (Figure 1, right). This is formed through
the interconnection of keywords based on the documents associated with each theme.
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3. Results
3.1. Activity in the Literature on Open Innovation and the University

The sample obtained in the search carried out in WoS on Open Innovation and univer-
sity has reported a total of 349 articles. In this same database (WoS) and in the same period,
the number of articles generally related to Open Innovation was 3300. The number of
publications per year has not been homogeneous, describing a rising line from 2005 to 2020
(Figure 2). Considering that the concept of Open Innovation was coined by Chesbrough
in 2003 [12], it is logical that production starts to emerge from the beginning of the 21st
century.
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Figure 2. Publications over time on Open Innovation (OI) and university (n = 349). Source: Prepared by the authors on the
basis of WoS data.

In reference to the documents included in the Web of Science database, research on
Open Innovation has been developed by a multitude of authors, including Lichtenthaler, U.
with 35 manuscripts, or Yun, JJ; Chesbrough, H; Bogers, M; Frattini, F; and Vanhaverbeke,
W. over the 20 works published in WoS by each author. On the other hand, if what we are
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looking for are manuscripts on Open Innovation and university, which is the case of this
research, in the sample obtained, no author stands out with a much higher production than
the rest.

A total of 957 authors have participated in the 349 articles extracted from the database.
No single author stands out particularly from the rest in terms of the number of articles
published on this subject. Table 2 shows the authors with the greatest participation in this
sample, the year of publication of their first and last article and the citations received from
another research in the database used.

Table 2. Authors who have published three or more articles on Open Innovation and university.

Author Number of Articles Year of Publication
First and Last Article Cited by

Bengtsson, Lars 4 2016–2020 41
Buganza, Tommaso 4 2009–2019 55

Meissner, Dirk 4 2014–2019 48
Di Minin, Alberto 3 2016–2020 3
Albats, Ekaterina 3 2018–2020 21

Bogers, Marcel 3 2020–2020 1
Verganti, Roberto 3 2009–2020 38
Secundo, Giustina 3 2017–2020 15

Padilla-Melendez, Antonio 3 2012–2020 50
Lockett, Nigel 3 2010–2020 44

Ardito, Lorenzo 3 2018–2019 40
van Geenhuizen, Marina 3 2012–2018 13

Miller, Kristel 3 2011–2016 68
Alexander, Allen T. 3 2013–2015 90

Roper, Stephen 3 2008–2013 77
Source: Prepared by the authors on the basis of WoS data.

The authors with the greatest participation have done so mostly in the last years of the
sample, so that in some cases, the number of citations received will not yet have reached
enough value. The most frequently cited documents in the sample do not appear in Table 2.
Among the most frequently referenced are the theoretical articles in Tether and Tajar from
2008 [82] “Beyond industry–university links: Sourcing knowledge for innovation from
consultants, private research organisations and the public science-base”, with 280 citations,
and Cooke’s 2005 [22] “Regionally asymmetric knowledge capabilities and open innovation
exploring ‘Globalisation 2’—A new model of industry organisation”, with 222 citations.

Table 3 shows the journals with the greatest presence in OI and university research.
The sample of 349 articles has been published in 166 different journals, highlighting
Technological Forecasting and Social Change with 15 publications distributed between
2011 and 2020. The impact factor percentile for 2019 of the 10 journals with the greatest
number of publications in the sample is between Q1 and Q2. Some journals present impact
factors with respect to different areas of knowledge; in this case, the quartile corresponding
to the subject matter has been noted.

As with the large number of authors in the sample, the journals that have published
on this subject are numerous and none stand out from the rest with a large number of
publications, where the journal with the most articles published represents 4.3% of the total.

Regarding the origin of the published research, a count has been made of the affiliation
of the first author of each manuscript in the sample. It has been preferred to refer to the
first author of each publication to avoid errors in calculation caused by articles that present
a large number of authors from the same country, compared to other research that is only
associated with one or two authors. In this way, a fairly approximate figure is obtained for
the countries where the greatest number of publications have been made on this subject.
A total of 57 different countries appear as the place of affiliation of the first author of the
articles in this sample. The countries with the highest number of publications are Italy with
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36 manuscripts, England with 35, the USA with 33, Spain with 32, Brazil and China with
16, Sweden with 13 and Germany and South Korea with 10 manuscripts each.

Table 3. Journals that have published on OI and university. Quartile 2019 and Total Items.

N. Journal Q1 Q2 Q3 Q4 Total Items % First Doc. Last Doc.

1 Technological Forecasting and Social Change X - - - 15 4.3% 2011 2020
2 Journal of the Knowledge Economy X (*) - - - 11 3.2% 2011 2020
3 Research Policy X - - - 11 3.2% 2005 2020
4 Int. Journal of Technology Management X - - - 10 2.9% 2010 2019
5 Journal of Technology Transfer X - - - 10 2.9% 2012 2020
6 R & D Management - X - - 10 2.9% 2009 2020
7 Sustainability - X - - 10 2.9% 2017 2020
8 Business Horizons - X - - 9 2.6% 2014 2019
9 European Journal of Innovation Management - X - - 9 2.6% 2009 2020
10 Management Decision - X - - 8 2.3% 2016 2020

Source: Prepared by the authors on the basis of WoS data. X (*) Scopus. Q1, Q2, Q3 and Q4 correspond to the quartile of Journal Citation
Report (2019).

In summary, we find that the study of Open Innovation and the university is a topic
that is attracting the attention of researchers, which is reflected in the growing number
of published manuscripts. Once the more generic bases on OI have been established and
developed, specific aspects such as collaboration with educational entities and the set of
factors that build this relationship are being investigated. Below, we analyse in more detail
the issues that have been the focus of publications with respect to the OI and the university.

3.2. Evolution of Keywords

For the analysis of the evolution of keywords in the area, we use the methodology of
Price and Gürsey [105] (Figure 3). In order to better understand this method, the circles
represent the periods that have been established; in the case of this research, there are three.
Inside each circle is the number of keywords for that period. The arrows that join the circles
represent the keywords that are maintained from one period to another and, in brackets,
the stability index or overlapping fraction is indicated. On the other hand, the arrows that
enter and leave each circle symbolise the new keywords and those that are no longer used
in the next period, respectively.

With regard to the results of the analysis, it should be noted that an increase of 124 new
keywords is established between the first period (214) and the second (338), representing a
growth of 58%. The stability index between the first period and the second is (0.52), that is,
slightly more than half of the keywords of the first period were maintained in the following
period. Regarding the transition between the second (338) and third period (546), the
increase was 208 new keywords, representing growth of 61.5%. The stability index for these
two periods was slightly lower than in the previous period (0.50). It is therefore evident
that there is still a high growth in new lines of research and that there is no consolidation of
the vocabulary by the scientific community when describing the documents published. It
therefore provides an idea of the significant scope for development in this field of research.

3.3. Longitudinal Analysis

Having checked the evolution of keywords between periods, we focused on analysing
how the literature related to OI and university has evolved. To do this, we will use a
longitudinal map (Figure 4). The most central themes or clusters from each period appear
on the map in the form of a sphere, with a label. In turn, through lines, it is represented
with which other themes have been related in the following periods. The longitudinal map
offers us various perspectives for analysis. Firstly, it is possible to find out which were the
first topics with which the field of research was started (first period) and on which topics
it is currently being researched (last period). Secondly, the longitudinal map offers us a
perspective on the centrality of the themes over time. On the one hand, we can see those
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that maintain their leadership between periods and, on the other, those that are giving
up that leadership in favour of other topics with which they are related, and which are
accumulating greater prominence thanks to the increase in the centrality of their network.
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Entering into the analysis, we can observe how the topics with greater centrality in the
first period and, as a consequence, those that propitiated the literature that related the terms
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OI and university, are (Table 4): collaboration, SMEs, knowledge-transfer, absorptive-capacity,
patents, educations and embeddedness. From the quantitative point of view, collaboration and
knowledge-transfer had a greater number of documents, 17 and 18 respectively, however,
the first one had a higher range of centrality than the second (1.00 vs. 0.71). In relation
to the impact of the publications and their H-index, the most relevant were collaboration
(1367 citations, H-index = 17) and knowledge-transfer (1183 citations, H-index = 18), together
with absorptive-capacity (435 citations, H-index = 6) and patents (364 citations, H-index = 3).
For the case of SMEs, although it has a relatively high H-index (6), the number of citations
is not high compared to the previous topics. To detect the topics that are most central to
current research, we look at the last period. In this sense, R&D, entrepreneurship, R&D-
strategy, impact, R&D-cooperation, model and education are the ones that lead the research.
Both from a quantitative and qualitative point of view, the themes or clusters of R&D
(125 doc, 591 citations and H-index = 13) and entrepreneurship (45 doc, 206 citations and
H-index = 8) provide a higher level than the rest.

From the perspective of the evolution of the themes, the analysis of the sample allows
us to see, in a first approximation, that there is no cluster that is maintained in the three
periods with the same theme, although it is true that themes from the first or second
period return to lead their clusters in the third period, such as entrepreneurship, impact,
R&D-cooperation and education.

As for the themes that have evolved in the following periods towards other clusters,
we have:

• From a quantitative and qualitative point of view, collaboration/businesses–industry/
R&D form the clusters with the largest number of documents and the highest number
of citations. As for their internal structure, in addition to these three themes, they
maintain over the different periods some of the most central themes of the research
field, such as networks, performance or knowledge-transfer.

• In the case of the knowledge-transfer cluster, for the second period, it is dispersed
in different clusters such as the already mentioned business–industry/R&D, en-
trepreneurship/entrepreneurship, spill-over/impact, alliances/R&D-strategy and
alliances/R&D-cooperation.

• The third theme that starts from the first period and that has some impact is absorptive-
capacity which, like the previous one, is dispersed in business–industry/R&D/impact,
impact/impact and framework/R&D-strategy.

• In the case of the SME cluster, its evolution has been towards the impact/impact and
R&D-cooperation/R&D-cooperation clusters.

• As for the cluster patents, it has evolved towards the business–industry/R&D and
regions/impact clusters.

It can be concluded that the main issues initially supported by research on OI and
university have been related to collaboration, knowledge-transfer, absorption capacity
and, to a lesser extent, SMEs. On the other hand, the evolution of the topics over time
has been dispersed, except in the case of collaboration which, although it has changed
its subject, its core has persisted throughout the three periods. Finally, the topics which
are currently leading research are included in clusters whose themes are related to R&D,
R&D-strategy, R&D-cooperation or entrepreneurship and, to a lesser extent, to impact,
models and education.
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Table 4. Quantitative and qualitative factors of the themes and their evolution.

2005–2012 2013–2016 2017–2020

Name Centrality
Range

Density
Range Documents Citations H-Index Centrality

Range
Density
Range Documents Citations H-

Index
Centrality
Range

Density
Range Documents Citations H-

Index

Collaboration 1.00 1.00 28 1367 17 - - - - - - - - - -
SMEs 0.57 0.86 8 151 6 - - - - - - - - - -

Knowledge-
transfer 0.86 0.71 26 1183 18 - - - - - - - - - -

Absorptive-
capacity 0.71 0.57 7 435 6 - - - - - - - - - -

Patents 0.29 0.43 3 364 3 - - - - - - - - - -
Education 0.43 0.29 3 118 3 - - - - - 0.14 0.57 6 15 2

Embeddedness 0.14 0.14 2 127 2 - - - - - - - - - -
Business-
industry - - - - - 1.00 1.00 76 1755 23 - - - - -

Entrepreneurship - - - - - 0.88 0.62 26 643 14 0.86 0.86 45 206 8
Impact - - - - - 0.75 0.50 8 125 4 0.57 0.29 16 53 3

Spill-over - - - - - 0.38 0.88 4 122 4 - - - - -
Alliances - - - - - 0.62 0.12 4 86 4 - - - - -

Framework - - - - - 0.12 0.75 3 17 2 - - - - -
Regions - - - - - 0.25 0.38 3 179 3 - - - - -

R&D-
cooperation - - - - - 0.50 0.25 4 192 4 0.29 071 14 64 5

R&D - - - - - - - - - - 1.00 1.00 125 591 13
R&D-strategy - - - - - - - - - - 0.71 0.43 20 196 7

Model - - - - - - - - - - 0.43 0.14 19 129 6

Source: Prepared by the authors on the basis of SciMAT data.
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3.4. Analysis of Strategic Maps by Period

After ascertaining the evolution of the themes over the periods, the research moves on
to the analysis of the driving themes of each period. The aim is to analyse, firstly, the role
of each of the clusters in the period and, secondly, the thematic network of the cluster that
leads the field of research.

In the case of the 2005–2012 period, four driving themes were identified (Figure 5):
collaboration, knowledge-transfer, absorptive-capacity and SMEs. Then, in the lower left
quadrant appear education, patents and embeddedness, themes considered emerging or
decadent, due to a low centrality and density. The main driving theme is collaboration,
which has the highest degree of centrality and density. Its thematic network, from the
point of view of the number of documents in which they appear, consists mainly of R&D
(22 doc), networks (20 doc), business-industry (19 doc) and performance (14 doc), however,
in terms of the density of relations between network members, the following dyads stand
out: (a) collaboration with R&D, model, business–industry and networks, (b) challenges
with commercialisation, (c) competence with model and commercialisation, (d) economy
with networks, (e) model with R&D and, finally, (f) R&D with business–industry (Table 5).
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Collaboration R&D 0.39
Collaboration Model 0.26

Challenges Commercialisation 0.25
Collaboration Business–industry 0.25
Competence Model 0.25
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Collaboration Networks 0.24
Economy Networks 0.20
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In the case of the 2013–2016 period, there are two driving themes that lead this period
of time (Figure 6): business–industry and entrepreneurship. The case of impact is at the
frontier of the basic themes and the driving themes. The basic themes, together with



J. Open Innov. Technol. Mark. Complex. 2021, 7, 29 14 of 22

impact, are alliances and R&D-cooperation, which are on the borderline with the emerging
or declining themes, which, in addition to the latter, contain the theme regions. The
peripheral themes are spill-overs and frameworks. The theme with the greatest degree of
centrality and density and, therefore, the most important driving force and leading research
theme in this period is business–industry. The most important themes in its network in
terms of the number of documents in which they appear are R&D (38 doc.), knowledge-
transfer (38 doc.), technology (36 doc.) and performance (29 doc.). With respect to the most
common network topics: (a) performance with R&D, business–industry and capabilities,
(b) technology with business–industry and R&D, (c) R&D with business–industry, (d)
absorptive-capacity with business–industry and management, (e) knowledge-transfer with
business–industry and, finally, (f) knowledge with business–industry (Table 6).
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Table 6. Thematic network business–industry, 2013–2016. Ten relationships with more weight.

Node A Node B Weight

Performance R&D 0.26
Technology Business–industry 0.24

R&D Business–industry 0.23
Performance Business–industry 0.20

Absorptive-capacity Business–industry 0.20
Capabilities Performance 0.19
Technology R&D 0.19

Management Absorptive-capacity 0.19
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Knowledge Business–industry 0.17
Source: Prepared by the authors on the basis of SciMAT data.

With regard to the 2017–2020 period, once again, there are two driving themes which
are leading this period (Figure 7); in this case, R&D and entrepreneurship. On the other
hand, the basic themes are the R&D-strategy and impact clusters. In the quadrant of
peripheral themes, R&D-cooperation and education appear and as an emerging or decadent
model theme. For this last period, R&D gives the name to the cluster that leads the sample
of the literature of this research. This cluster, as mentioned above, is made up of a series
of very cohesive themes that have remained over time. In this case, the topics in general
have increased the number of documents in which they appear, among them are business–
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industry (75 doc.), R&D (65 doc.), performance (56 doc.), knowledge-transfer (55 doc.),
technology (47 doc.), collaboration (44 doc.), networks (39 doc.) and knowledge (38). In
the case of the most network-density days there are: (a) R&D with the themes of business–
industry, technology, performance and absorptive-capacity, (b) performance with business–
industry, knowledge, networks and technology, (c) technology with business–industry and,
finally, (d) absorptive-capacity with business–industry (Table 7).
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3.5. Analysis of the Evolution of the Theme University–Business-Cooperation

This analysis aims to approach research from a different perspective. The aim is to
gain a better understanding of which topics in the literature sample used in this research
have used the theme university–business-cooperation (UBC). We start from the idea that,
in addition to other topics, this is considered a central theme linking OI and university. The
number of documents in which UBC appears in the period 2005–2012 was 13 documents,
20.3% of the total for the period. It belonged to the SMEs cluster. Among the main topics
with which it was related, apart from SMEs, were R&D-cooperation, science and informa-
tion. In the period 2013–2016, UBC appeared in fewer documents proportionally (21), 18.4%
of the total for the period. Its network was also much less extensive. It was mainly related
to entrepreneurship (name of the cluster), in addition to helix model and governance.
As for the 2017–2020 period, UBC once again belonged to the entrepreneurship cluster.
In terms of the number of documents in which UBC appeared, there was a substantial
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change. There was a total of 50 and it represented 29.2% of the total for the period. Its
network was made up mainly of the helix model, entrepreneurship, commercialisation and
knowledge-spill-over (Table 8).

Table 8. Thematic network university–business-cooperation.

2005–2012 2013–2016 2017–2020

Relations Weight Relations Weight Relations Weight

SMEs 0.15 Entrepreneurship 0.12 Helix model 0.15
R&D-cooperation 0.14 Helix model 0.05 Entrepreneurship 0.10

Science 0.12 Governance 0.02 Commercialisation 0.07
Information 0.10 Knowledge-spill-over 0.04

Europe 0.08 Start-ups 0.03
Service 0.04 Country 0.02

Human-Capital 0.04 Institutions 0.01
Innovation-

systems 0.04

Public 0.03
Country 0.02

Organisation 0.02
Source: Prepared by the authors on the basis of SciMAT data

4. Discussion

In the justification of this paper, it is true that there has been interest in innovation-related
research for more than a century, but the current panorama is providing a different focus,
giving special relevance to external sources of innovation, what Chesbrough [12] called Open
Innovation. It is from here, from this new approach, that our research has considered to focus
the analysis. The aim has been to broaden our knowledge of the literature on Open Innovation
and the role played by the University. In this sense, we started from the idea that the objectives
of this work were not to carry out a review of the literature in a deep and systematic way. We
chose to design an analysis using bibliometric and mapping techniques, which allowed us to
make visible, in a longitudinal and relational way, the evolution over time of the literature
around the OI and the university. This work has generated a new focus and has shed light
on the issues that have occupied more central positions, and which have led the interest of
research from different perspectives. This methodology has also provided information on the
quality of the publications analysed. It has also made it possible to ascertain the degree of
maturity or saturation of the subject matter, where the research is heading, and which areas
have not yet been sufficiently explored.

Deepening the analysis, in general and as expected, the results suggest that the bulk
of the research linking OI and the university has to do with concepts that explain the
development of Open Innovation and its relationship with the activity and role played
by the university, such as collaboration, business–industry, R&D, networks, performance
or knowledge-transfer. On the other hand, due to the increased sensitivity of researchers
towards the problems raised by the use of the knowledge generated, issues such as re-
search into spill-overs or knowledge-spill-over, especially from the second period (2013),
or absorptive-capacity, which emerge in the literature of the sample, are postulated as
part of the theoretical corpus and are related at all times to performance, management,
knowledge-transfer and networks, among others. With regard to knowledge-spill-over,
the literature points out that, regardless of whether they are intentional or unintentional
knowledge spill-overs, knowledge dissemination processes such as the presentation of
business ideas or the challenge of Open Innovation, are important vehicles for effective
and sometimes selective knowledge-transfer in an entrepreneurial ecosystem [106,107]
Therefore, OI is a key channel for the exploitation of knowledge caused by knowledge
spillage and its side effects. In relation to absorptive-capacity, the literature has shown that
the expected benefits of OI are not assured and depend on the capacity of organisations to
adopt and adapt new knowledge [75–78]. Therefore, companies are focusing on how to
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improve search capabilities and acquire and implement technology and knowledge [80,81].
At the same time, some studies point to a relationship between source and absorptive
capacity [70], or firm size, due to structural constraints [85]. Research generally suggests
that organisations need to be prepared to assimilate new information and reap the benefits
of its application. As regards the attempt to provide another perspective in the analysis
of the OI and university relationship, focusing on the university–business-cooperation
issue and its relationship with the different topics, it has been possible to confirm that,
except in the first period, which was related to SMEs and a more generic issue such as
R&D-cooperation, in the other periods, it should be noted that the research which was
based on the university–business-cooperation nexus was mainly linked to topics such as
entrepreneurship, the analysis of the different Helix models or commercialisation, linked
to the modes of knowledge-transfer and as a motivating effect for the university.

Finally, it is important to make visible some shortcomings observed in the literature.
For this reason, it should be pointed out that, despite the fact that OI is positioned as an
important tool for the survival of family businesses [108], according to the sample analysed,
research on OI and university related to family businesses has not been of any relevance,
that is to say, it has been practically testimonial. It should be noted that this has not been
the only exception, and research on SMEs has similar problems. In this sense, despite the
fact that SMEs depend more on OI than large companies [108], the results of this work
reinforce in a precise and convincing way what the literature has been demanding for some
years, in the sense that research on OI in SMEs has received less attention than expected
from researchers and practitioners [88,109–112]. Research has hardly concentrated on the
first period (2005–2012), where it even formed its own cluster and was closely related to
the theme university–business-cooperation and other themes such as innovation-system,
R&D-cooperation and human-capital. However, from the second period (2013), OI and
university research related to SMEs has been practically non-existent.

Limitations

In this paper, the authors acknowledge that there are certain limitations to the research.
On the one hand, there is the limitation of using documents exclusively from the Web of
Science (WoS) database, as well as the limitation of using filters to achieve greater precision
in the search for published research. On the other hand, that which may occur by relying
exclusively on the concept of Open Innovation and not on its possible conceptual derivations.

5. Conclusions

The purpose of this paper has been to shed light on the literature investigating Open
Innovation and the role of the university. Bibliometric techniques were used to analyse
the literature on a sample of a total of 349 articles indexed in the Web of Science database.
In terms of the evolution of the number of published research papers, it should be noted
that since Chesbrough [12] introduced the concept of Open Innovation, a prolific period
of research production around this concept has begun, from 2005 to date. It should also
be noted that it was not until 2009 that it began to grow steadily, and that 2018 marks a
turning point in which a new period of high growth in the number of research publications
began. The sustained growth of production in research, together with the high rate of
incorporation of keywords and its low rate of stability between periods, suggests that
the field of research is of high interest to researchers and is in full development. In the
longitudinal analysis, a set of cohesive themes was evident, which remain in the driving
clusters of each period. These form the main core of research on OI and university over
time. These include collaboration, business–industry, R&D, networks, performance or
knowledge-transfer. On the other hand, topics of interest to the research field emerged,
such as knowledge-spill-over or absorptive-capacity related to research sensitivity on the
true use of the knowledge generated. As for the possible trends constituted by themes that
have been consolidated in the last period (2017–2020), it should be noted that important
aspects of R&D have become visible, such as strategy and cooperation, entrepreneurship,
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as well as research that has dealt with the management of education. Regarding research
analysing cooperation between universities and companies, it should be noted that in
the first period (2005–2012), it was mainly related to SMEs and other generic concepts
such as R&D cooperation. In the subsequent periods, from 2013 onwards, research was
related to entrepreneurship, to the analysis of the Helix models, or to commercialisation as
a motivating effect of knowledge transfer, as seen from the university. Finally, with regard
to the areas which have not been sufficiently dealt with in the sample research, it should
be pointed out that, despite the importance which the literature itself attributes to family
businesses and SMEs, research has been almost non-existent in the case of the former. In
the case of SMEs, there was some production of research in the first period, to be witnessed
from 2013 onwards.

Future Research

As far as future research related to OI and university is concerned, we understand
that there are two fronts on which to expand the literature. On the one hand, those less
researched issues, such as the relationship between these two concepts and the family
business or SMEs and, on the other, those that are currently showing some interest and
still need to be developed, such as the strategic orientation of R&D or the management of
education towards the internalisation of OI in the organisational culture.
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