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Abstract

Science and Technology Parks (STPs) facilitate the flow of knowledge and technology among
universities; R & D institutions; companies and markets, and foster the creation and growth

of innovation-based companies. Among the diversities of STPs, it is possible to identify two

types:

1. Science Parks (SPs), which involve university shareholding and
2. Technology Parks (TPs), which are not owned by universities.

This study will take into account only SPs since they are closely linked to the university,
and they are the bridge between a University and companies in the process of Knowledge
and Technology Transfer (KTT). The evaluation of the firms’ performance in Science Parks
results determinant to identify the needs of the companies and the feasibility of the University-
Business Collaboration (UBC). The firms’ real needs also are of interest for Universities and
Science parks, since they face the challenge of designing strategies that best help them to
transfer the knowledge more effectively. While previous studies have been focused on tenants
innovation performance on-Park and off-Park, very little research has taken into account the
Parks heterogeneity that may affect the firms’ performance. This research paper focuses on
SPs in Spain and Mexico due to data availability.

This thesis (i) aims to identify the Key Performance Indicators (KPIs) in UBC used by
co-located companies at SPs, and (ii) explore the performance measure (KPIs) in UBC and
critical success factors of SPs. For this study, data was collected through fifty eight online
company surveys in Spain and forty two in Mexico. This empirical analysis uses fourteen
semi-structured interviews, addressed to SPs directors in order to explore (KPIs) and success

factors of SPs in both countries.
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Chapter 1

Introduction

1.1 Approach of the Dissertation

The seeding idea of this research arose when I was working on my master’s degree thesis at
the University of Barcelona (UB). The project consisted of opening a centre for innovation and
technology transfer at the Universidad Auténoma de Hidalgo (UAEH) (México). The main ob-
jective of this project was connecting the business sector of the region with academia, intending
to integrate companies in innovation projects and therefore increasing their competitiveness.
This project was based on the theory of the knowledge-based economy. This theory states that
knowledge is widely acknowledged to be one of the main engines for economic and social
development of a country, Harris (2001); Hitt et al. (2000), and both universities and research
centres, either public or private, play a crucial role in both generating and disseminating this
knowledge, Etzkowitz et al. (2000); Porter and van Opstal (2001). Additionally, as is known
to all, universities were created to fulfil three main missions: first: teach, second: research and
third: contribute to the welfare and economic development of society. Through the research
mission, universities lead to cutting-edge discoveries, expand the boundaries of science, and
ultimately by the third mission contribute to social growth and economic development by im-
plying the dissemination and exploitation of this gathered knowledge. Agrawal and Henderson
(2002); DEste and Patel (2007); Schartinger et al. (2002). Moreover, the ecosystem of inno-
vation that is generated through knowledge spillovers stimulates other research institutions to
commercialise their research findings resulting in the acceleration of economic growth. There-
fore, the establishment of University-Business Collaboration (UBC) is central in the process of

facilitating this knowledge flow from academia to industry, Cohen and Levinthal (1989).



1. INTRODUCTION

Due to the importance of University-Business Collaboration (UBC), many universities have
tried to narrow the gap between science and industry and have created specific units and de-
signed specific programs to assist in this endeavour. Technology Transfer Offices (TTOs) and
Science and Technology Parks (STPs) are two examples. Acting as knowledge brokers, and
bring together academics, businesses and venture capitalists. They seek to facilitate the trans-
fer of knowledge from academia to the industry while infusing an entrepreneurial culture of
innovation, Caldera and Debande (2010).

This research is focused on the Science and Technology Parks because they play a crucial
role in knowledge and technology transfer process because of the primary function as contribu-
tors to the regional economic development as well as promoters of the culture of the innovation.
These objectives are reflected in the definition of science parks created by the International As-
sociation of Science Parks: Science and Technology Park stimulates the flow of knowledge and
technology between universities, research institutions, companies and markets while also fa-
cilitating the creation and growth of companies based on innovation through incubation and
spin-off processes, IASP, 2002'. Among the diversity of Science and Technology Park, it is
possible to identify two types; Science Parks (SPs), which involves university shareholding
and Technology Parks (TPs), which are not owned by universities, Albahari et al. (2013).

Regarding the types of Science and Technology Parks, this research will take into account
only Science Parks because they are closely linked to the university, while also acting as
the bridge between universities and companies in the process of knowledge and technology
transfer (KTT). In addition, Friedman and Silberman (2003), define KTT, as the process by
which the invention or intellectual property (IP) resulting from academic research is licensed
or transferred through rights of use to an entity with the intention of profit and eventually led
to its commercialisation or exploitation.

Another point to emphasise that when both knowledge and technologies are transferred to
companies, there is an improvement in their production processes, services or business mod-
els, and also their process of adapting to new situations and demands of the market in which
they compete. One of the best ways to achieve this growth is to increase its absorptive ca-
pacityCohen and Levinthal (1989). Companies with more significant strengths in the field of
innovation will be better prepared to extend its presence both regionally and internationally in

markets and be able to face and adapt to an environment of global competition.

Uhttps://www.iasp.ws



1.1 Approach of the Dissertation

According to De Oslo (2005) Manual, Innovation is defined as: The implementation of a
new or significantly improved product (good or service), or process, a new marketing method,
or a new organisational method in business practices, workplace organisation or external re-
lations.

The Manual of De Oslo (2005) also defines innovative activities as: All scientific, techno-
logical, organisational, financial and commercial steps which actually, or are intended to, lead
to the implementation of innovations. Some innovation activities are themselves innovative;
others are not new activities but are necessary for the implementation of innovations. Innova-
tion activities also include R& D that is not directly related to the development of a specific
innovation.

Additionally, the benefits or impacts of innovation on the results of the companies range
from the effects on sales and market share to the improvement of productivity and efficiency.
The most significant impacts are the evolution towards international competitiveness and pro-
ductivity as well as the overflow of knowledge arising from innovations made by companies.

Because the Science and Technology Parks (STPs), are a key factor in the innovation pro-
cess and the transfer of knowledge and technology as well as the implications that they have
in the economy, society and the development of a country, several authors have been inter-
ested in investigating these organisations from different perspectives. The most representative
studies in Spain about STPs are focused on the firms’ innovation performance on-Park and off
Park location. Vasquez-Urriago et al. (2014) show a positive effect on innovation outputs of
firms collocated in Spanish STPs and, in most recent studies, Vasquez-Urriago et al. (2015)
also demonstrated the increase in the probability of cooperation for innovation in companies
co-located in STPs. Similarly, Diez-Vial and Montoro-Sanchez (2016) present a case study
of Madrid Science Park showing that the innovative capacity increases when the firms have
formal collaboration with the university and go on to show that when firms focus on internal
knowledge networks, there is an increase in the innovative outputs. In comparison, Albahari
et al. (2013) find that the more involved the university in the STPs, the more of a negative
impact the firms have on innovations outputs; however, the number of patent applications are
positively affected.

Despite the extensive literature on the Science and Technology Parks and the knowledge
and technology transfer processes (KTT), there is a gap in a fundamental issue: How effective
are the Knowledge and Technology Transfer through University-Business Cooperation in

Science Parks? Agilize, the technology transfer processes, is crucial to exploiting the most
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modern technologies and the latest discoveries made by research groups and then applying
them in the production system to solve the real problems that companies face day after day. In
Europe, the gap between high levels of scientific productivity on the one hand and its minimal
contributions to industrial competitiveness, on the other hand, seems extremely wide. This gap,
also known as The European Paradox, has been attributed to a low intensity of linkage between
science and industry and to asymmetric information between industry and science regarding the
value of innovations. Science and industry operate differently. Their daily activities are highly
tied to specific organisational culture, mission and corporate practices, Siegel et al. (2003).
Accordingly, goals might signal three opposite directions. First, companies cannot evaluate the
quality of the invention a priori, and researchers may have difficulties in assessing the commer-
cial profitability of their inventions, Macho-Stadler et al. (2007). Second, poor communication
channels and low interest of the companies in academic research are other reasons that prevent
universities and businesses from cooperating, Baldini et al. (2007). On the other hand, indus-
tries seek solutions that make their operations and processes more competitive, their products
more attractive, and this consequently enable them to become more profitable, Igbal et al.
(2011b); Rohrbeck and Arnold (2009). Third, time-span is another critical factor. University
research projects tend to require long periods, while industry demands short cycles to compete
in the market and achieve a competitive advantage, Bodas Freitas et al. (2008); Bruneel et al.
(2010); Dunowski et al. (2010).

It is worth noting that the USA was the first country to take the initiative in articulating
technology transfer processes between universities and business. This was through the enacted
of Bayh-Dole Act in 1980, which allowed universities to own patents arising from federal
research grants. In the same line, researchers working on federal research were stipulated to
disclose their inventions to the technology licensing office, Mowery et al. (2004); Popp Berman
(2008). This Act fostered the commercialisation of university research, Kenney and Patton
(2009); Link and Siegel (2005); Link et al. (2007), and since this relevant Act, other countries
outside of the USA such as Denmark, Germany, Austria, and Norway have reformed their IP
laws to grant IPRs to universities, in a similar way to the Bayh Dole Act, So et al. (2008).
However; a report for Economic Co-operation and Development (2003) OECD, shows that
despite many countries modifying the intellectual property regulations for universities in order
to be the owners of research results and therefore, being able to market them, there are still

significant impediments limiting their potential.



1.1 Approach of the Dissertation

Taking in account what was previously mentioned about the economic and social impact
that University-Business Collaboration (UBC) has in the development of a country and the key
role that play the Science Parks in knowledge and technology transfer (KTT) process as well
as their implications in the increase of global competition, employment and productivity, the
present dissertation aims to investigate companies co-located at Science Parks, (SPs) and,

identify:
1. the criteria to select an SP,
2. the business objectives to select an SP and,

3. toidentify the evaluation metrics, Key Performance and Innovation Indicators (KPIs),

used by companies co-located at SPs.

For this last objectives, KPIs in UBC will be used, which are based on the principal UBC
activities found in the literature.

The evaluation of the companiess performance in Science Parks is decisive to identify the
needs of the companies and the feasibility of this University-Business Collaboration. compa-
niess real needs also are of interest of universities, due to the challenges they face designing
strategies that best help them to transfer the knowledge more effectively. In addition to study-
ing companies co-located in SPs, this research will be also taking to account the Science Parks
exploring their critical success factors through semi-structured interviews with Science Parks
directors.

As mentioned above, the exchange of knowledge between science and industry is a pre-
requisite for innovation, Kauffmann and Todtling (2001); however, this type of collaboration
has not been an easy task despite the great support that governments have given to this situa-
tion. Although participating in a knowledge and technology transfer project provides benefits
for science and industry, some barriers hinder this process. It is therefore fundamental that
the different stakeholders involved in this process (i.e. the universities, companies, individual
researchers and government entities), understand the roles and motivations of the other party

to establish fruitful cooperation.
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Chapter 2

Theoretical Framework

2.1 Importance of the University-Business Collaboration

As mentioned earlier, it is widely known that there are three core missions of the university:
the first is to teach; the second is the generation of knowledge through research; and the third,
(with active participation)is to contribute to economic growth and social development through
the transfer of this knowledge to society. This transfer of knowledge between universities and
industry occurs through a variety of mechanisms, DEste and Patel (2007); Geuna and Mus-
cio (2009). The following are among the most representative activities: The hiring of uni-
versity graduates, the exchanges of personnel (academics/students), joint research (university-
company), research contracts, consulting, patents and publications ( co-authorship), spin-off
companies, and laboratories financed by industries and other physical facilities, also including
informal contacts such as meetings and conferences. In this way, companies can collaborate
with universities in a wide range of possibilities. To carry out this critical mission of trans-
ferring knowledge to society, it is essential that universities or Higher Education Institutions

(HEIs) develop support mechanisms at all levels of the organisation.

2.2 Support mechanisms in the University-Business Collaboration

According to Galan-Muros et al. (2015), the support mechanisms in the University-Business
Collaboration (UBC), can be classified into two groups, at the strategic level and operational
level. At the strategic level, we can distinguish the support from university board to strengthen

the links between the companies on campus, ( i.e invite business people to be part of the uni-



2. THEORETICAL FRAMEWORK

versity board) and incentive programs, (i.e academic projects with companies, guest lecturer
from industry, etc.), which are well-known mechanisms for developing UBC, Frey and Neck-
ermann (2009); Stephan (2008). On the other hand, at an operational level, we can distinguish
Science Parks, innovation centres, incubators, TTOs and liaison offices. Finally, promotion and

communication at all levels of the organisation.

2.2.1 Science and Technology Parks

The Science Parks (SPs) are an essential support mechanism used by universities mainly to
facilitate the transfer of knowledge generated by the university and act as key actors to link
companies with the university and research centres. These parks are established to facilitate
the commercialisation of technologies, while stimulating the promotion and development of
new technology-based firms (NTBs), Malairaja and Zawdie (2008). Since the establishment of
the first Science Park at Standford University in the 1950s, and the later success of the Silicon
Valley cluster, STPs have been spreading worldwide. According to The World Alliance for
innovation (WAINOVA), in 2009, there were close to 1500 STPs extended across 76 countries
in the five continents of the world, Albahari et al. (2017).

There are various concepts used interchangeably to define Science and Technology Parks
(Science Park, Science and Technology Park, Research Park, University Research Park, Tech-
nology Park, Technopole, Technopark, Innovation Centre, etc.); however, the most accepted
definitions used in the literature are those proposed by these three internationally recognised
Science and Technology Parks associations: (1)The International Association of Science Parks
and Areas of Innovation (IASP); (2)The United Kingdom Science Park Association (UKSPA);
(3)The Association of University Research Parks (AURP).

1. The International Association of Science Parks and Areas of Innovation (IASP) define
a Park as: An organisation managed by specialised professionals, whose main aim is
to increase the wealth of its community by promoting the culture of innovation and the
competitiveness of its associated businesses and knowledge-based institutions. (STP)
Stimulates and manages the flow of knowledge and technology amongst universities,
R&D institutions, companies and markets. It also facilitates the creation and growth of

innovation-based companies through incubation and spin-off processes, while providing
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other value-added services together with high-quality space and facilities (1ASP,2002).
1

2. The United Kingdom Science Parks Association (UKSPA) defines a science park as:
A business support and technology transfer initiative that encourages and supports the
start-up and incubation of innovation-led, high-growth, knowledge-based businesses;
provides an environment where more extensive and international businesses can develop
specific and close interactions with a particular centre of knowledge creation for their
mutual benefit; has formal and operational links with centres of knowledge creation such

as universities, higher education institutes and research organisations (UKSPA, 2010).

3. (3) The Association of University Research Parks (AURP) states that a university re-
search park is: A property-based venture, which: Master plans property designed for
research and commercialisation; creates partnerships with universities and research
institutions; encourages the growth of new companies; translates technology; Drives

technology-led economic development (AURP, 2010).’

We can notice from the above definitions that not only do they emphasise the importance of
STPs as a key factor in the innovation system but also as an intermediary in the University-

Industry-Government relations, Triple Helix Model, Etzkowitz and Leydesdorff (1998).

2.2.2 Types of Science and Technology Parks

The great variety of models, shareholders and founders involved in the establishment of Science
and Technology Parks (STPs), have caused heterogeneity in these types of organisations, Phan
et al. (2005); however, in broad terms, we can identify two types of STPs: Science Parks (SPs),
which involve university shareholding; and Technology Parks (TPs), which are not owned by
universities, Albahari et al. (2013). As previously stated in the introduction, regarding the
particular types of Science and Technology Parks, this research will only take into account
Science Parks, due to the fact that they are closely linked to the university, while also acting
as the bridge between universities and companies in the process of knowledge and technology

transfer (KTT).

Thttps://www.iasp.ws
Zhttp://www.ukspa.org.uk
3https://www.aurp.net
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2.3 University-Business Collaboration Activities

Currently, HEIs carry out a diversity of activities that facilitate the transfer of knowledge to so-
ciety through university-business collaboration, UBC. The forms of establishing a partnership
at an institutional level between university-industry, which are mostly discussed in the literature
are Joint Ventures, Networks, Consortia, Alliances, Trade Associations, and linkages through
counsellors, Barringer and Harrison (2000). These different forms vary according to the level
of collaboration of the participants; however, showing all possible kinds of partnerships or links
that could occur between universities and industry is extremely broad.

At the same line,Davey et al. (2011), classify seven activities that strengthen the collabora-
tion among universities and industries: (1) Joint Curriculum design and delivery, CDD, (i.e.the
joint development of a programme of courses); (2) Lifelong learning, LLL, (i.e.continuing ed-
ucation to business ); (3) Student mobility, SM, (i.e.from HEIs to business ); (4) Professional
mobility PM (i.e.from HEIs to business and from business to HEIs); (5) Joint research R&D;
(6) R&D Commercialisation of joint R&D, COM,(i.e.disclosures of inventions, patenting, li-
censes, etc.), and (7) Entrepreneurship, ENT, (i.e.the creation of start-ups and spin-offs). All
these activities are classified within the three core missions of the University: Education, Re-
search and Valorisation.

Alternatively, Santoro and Gopalakrishnan (2000) define that the most frequent interac-
tions between universities and industry, takes place within these four components: (1) research
support (government funding), (2) joint research group (institutional arrangements) (3) knowl-
edge transfer (i.e. recruitment of recent graduates, personal interactions, institutional programs,
joint education) and (4) technology transfer activities (i.e. development and commercialisation
of products through the universities research centres). In comparison, Bonaccorsi and Pic-
caluga (1994a) focus on the interpersonal relationships that may exist between members and
also at organisational level and classify the different forms of UBC in six main categories: (1)
personal informal relationships, (2) personal formal relationships (3) third parties,(4) formal
targeted agreements, (5) formal non-targeted agreements, (6) the creation of focused struc-
tures. This classification can also be analysed regarding three dimensions a) participation in
the organisation of the resources of the university; b) duration of the contract; and (c) the de-
gree of formalisation. The formalisation agreement is essential because it formalises relations
between universities and industry and helps to avoid conflict and mistrust between the parties,

Ring and Van De (1994). However, informal interactions and the creation of networks between
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scientists and engineers from universities and private companies are an essential component
and a standard process of the transfer of knowledge and technology between universities and

companies, Cohen et al. (1998).

2.3.1 Joint Research & Development, (R&D)

The most development activity of knowledge exchange between universities and companies are
through joint R&D projects, Fontana et al. (2006). There are many motivations for companies
to make a partnership or start a collaborative project with a university. I will mention the two
main ones: Firstly, they want to increase their competitiveness or market share, and secondly,
they have the desire to acquire new technologies and new knowledge stock, which is crucial
for regional economic performance, Deste and Perkmann (2011). According to Igbal et al.
(2011b), to implement joint R&D projects, universities depend on financial support from both
the government and the industrial sectors. Most of the funds are received from the government,
and the amount of funds to support university R&D projects from the industrial sectors is still
small, Hall (2001). In developing countries this situation is worst. Usually, larger firms have
enough resources to invest at an institutional level (industry labs on campus), or in various
type of interactions with university researchers, while the small and medium-sized enterprises,
(SME), have somewhat limited resources and capacity for direct involvement with academics,
Geuna and Muscio (2009). Regarding the collaborative projects funded by the industry, there is
a positive impact on the likelihood of academics to interact with the private sector, Ponomariov
(2008). In broad terms, the companies that carry out this type of joint R&D projects with
universities, usually co-locate part of their R&D staff at Science Parks offices in order to work

more closely with the academic staff.

2.3.2 Co-location: Companies at University Science Parks

Co-location is defined as the positioning of departments and offices of R&D personnel close
to each other, Song et al. (2007); Xie et al. (2003). This definition also can be used when
companies decide to move a strategic business unit or part of its R&D staff at the university,
with the aim to increase their knowledge stock and innovation capacity. Usually, these staffs
establish offices at University Science Parks.

Co-location helps to reduce communication and cultural barriers while building trusted re-

lationships, which encourages more knowledge dissemination, Van der Bij et al. (2003). This
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knowledge dissemination can occur both formally and informally, and both horizontally and
vertically. Moreover, Song et al. (2007) confirm that co-location is positively associated with
the level of knowledge dissemination in technology development. Additionally, geographical
proximity is important to companies because of the potential to increase the rate of knowledge
and technology transfer activities, Abramovsky and Simpson (2011); Santoro and Gopalakr-
ishnan (2001).

Among the benefits of Co-location,the most significant are the following:
e Contributes to the dissemination of tacit knowledge through spontaneous interaction.

e Helps build trust in the academia-industry relationship, reducing uncertainty. This is

necessary, particularity in the first phases of research projects.

e Reduces communication barriers in face-to-face interactions and facilitates more oppor-

tunities for new ideas or creative problem-solving.

e Higher levels of accountability between researchers from academia and industry, creating

new synergies.

2.4 Motivations for University-Business Collaboration

2.4.1 University Perspective

Reasons for engaging in UBC have been widely documented in the literature. From the stand-
point of universities, an essential body of the literature has examined, the incentive programs to
commercialise university research, and the studies confirm that when academic and commer-
cial rewards are linked, incentives for patenting are increased, Owen-Smith and Powell (2001),
as well as the importance of training the technology transfer officers in topics such as business
and marketing, these skills, have a positive impact on commercialisation of research results,
Lockett and Wright (2005); Siegel et al. (2003). Other studies have shown that research pro-
ductivity is positively related to academic engagement in the industrial domain, Bekkers and
Bodas Freitas (2008); Gulbrandsen and Smeby (2005); Haeussler and Colyvas (2011). Going
a step further, several works also found the importance of funding start-ups, in the early stages,
by business angels, governmental entities and universities themselves, which can be catalysts
for new business formation and economic development, Di Gregorio and Shane (2003); O’shea
et al. (2005); Sine et al. (2003).
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One of the most cited studies that take into account both perspectives comes from Oliver
(1990), which define six critical determinants to establish an inter-organisational relationship:
(1) necessity, (2) reciprocity, (3) efficiency, (4) stability, (5) legitimacy and (6) asymmetry.
From an university perspective, necessity: the need for an institutional policy; reciprocity: em-
ployment opportunities for graduates; stability: obtain a better vision of the development of
study plans; efficiency: the exploitation of research capabilities and results trough intellectual
property rights (IPRs) to get patents; legitimacy: contribute to the regional or national econ-
omy. From a business perspective, necessity: the need for an institutional policy; reciprocity:
access for students for summer internships or hiring faculty members; efficiency: commer-
cialise university-based technologies for financial gain; stability: growth; and the development
of human capital, among others. Additionally, Granowicz (2012) states that collaborating with
universities offers companies multiple benefits. Universities provide companies with a flexible
and profitable cost of R & D resources (experience, use of equipment, and facilities). Also,
they receive first hand all the new potential business opportunities that will improve and update
their internal capabilities while building a positive corporate image and helping them win the

war for talent. Companies need more and more people to cover specific required skills.

2.4.2 Business Perspective

As mentioned above, the motivations that have influenced universities to collaborate with in-
dustries differ from the motives that have shaped the industry to work with universities. In-
dustry sectors concentrate on creating the benefits they will receive from research activities,
while universities focus more on generating new knowledge, Igbal et al. (2011b); Rohrbeck
and Arnold (2009). To leverage markets and improve their competitive advantage, companies
need to be constantly aware of any new developments. In this respect, universities offer firms
full access to a variety of research expertise, research infrastructure and cutting-edge technolo-
gies, which can shorten life cycles for industrial products, Santoro and Chakrabarti (2002);
Welsh et al. (2008); Yusuf (2008). Partnering with universities not only provides firms with
a flexible and cost-effective extension of the R&D resources (expertise, equipment, facilities)
but also helps firms notice emerging potential business opportunities, benchmark the quality of
the companys in-house research and update internal capabilities and skills, Granowicz (2011).
Partnering with university scientists is also beneficial for companies, as this form of an alliance
gives legitimacy to research results Jain et al. (2009). Furthermore, universities can also con-

duct new research in specific fields that are of interest for firms, Bramwell and Wolfe (2008).
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2.5 Specific fields of frequent University-Business Collaboration

According to Bodas Freitas et al. (2013), the food industry is willing to develop institutional
interactions, while companies that work in the textile industry are less likely to do so. On the
other hand, large companies that invest internally in innovation through R & D (Absorptive
Capacity), but do not invest in the application of knowledge and know-how (Technological
openness) are more likely to interact institutionally than through research contracts. Companies
that only engage in personal contractual interactions tend to be smaller companies, and they
only participate in technology strategies and open innovation. That is, firms that interact with
universities through only private contractual agreements tend to be smaller than companies
that cooperate institutionally. Companies with highly innovative and research capacities - high
absorptive capacity - are more likely to interact institutionally with the universities. The small
technology-closed companies, on the other hand, seem unable to participate in any interaction

with the universities.
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Chapter 3

Literature Review

3.0.1 A Bibliometric overview of University-Business Collaboration between 1980-
2016

For this research, it was deemed relevant to review the literature on UBC trough a bibliometric
study taking into account not only the most productive authors but also, the most influential
journals, the most cited papers, the most influential institution and the wealthiest countries.

Bibliometrics is a research field that analyses bibliographic material from a quantitative per-
spective. Aiming at providing a comprehensive overview, this study scrutinises the academic
literature in the University-Business Collaboration (UBC) and the Knowledge and Technology
Transfer (KTT) research during the period after the Bayh-Dole Act (1980-2016). The study
employs the Web of Science as the central database from where information is collected. Bib-
liometric indicators such as the number of publications, citations, productivity or H-index are
used to analyse the results.

The literature on University Business Collaboration is abundant. The different stakeholders
involved in this process (i.e., the universities, firms, and individual researchers) might explain
this vast corpus of both theoretical and empirical studies, as different approaches, and differ-
ent points of view have been explored DEste and Patel (2007). Another explanation for this
diversity relies on the variety of forms in which University Business Collaboration materialize,
ranging from informal contacts such as meetings, conferences, recruitment of university grad-
uates, or staff mobility, to more sophisticated agreements such as cooperative joint research,
contract research, consulting, consortia, alliances, trade associations, interlocking directorates,
industry-funded laboratories or other physical facilities, Barringer and Harrison (2000); DEste
and Patel (2007). Although this list is quite exhaustive, scholars converge on the difficulties of
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categorising all potential mechanisms for UBC to take place, Blackman and Segal (1991). All
these mechanisms had been classified into six categories: casual personal relationships, per-
sonal relationships, third party, formal targeted agreements, formal non-targeted agreements
and creation of focused structures, (Bonaccorsi and Piccaluga, 1994b). Similarly, had been
distinguished seven tools through which to strengthen UBC: joint curriculum design and deliv-
ery, lifelong learning, student mobility, professional mobility, joint R&D, commercialisation of
joint R&D, and entrepreneurship, Davey et al. (2011). Whatever the mechanism used, the for-
malisation agreement is an essential step, as it monitors and regulates the relationship, avoiding
conflict and mistrust between the parties, Santoro and Gopalakrishnan (2000).

Today, research in UBC enjoys good health and can be considered a well-established sci-
entific field, with thousands of researchers studying different theoretical and practical facets.
Many research institutions; associations and international networks have also been created
based on UBC at their core. Some examples include the Triple Helix Association (TH) and
the University-Industry Interaction Network (UIIN). These associations organise seminars and
conferences that constitute unique, vibrant forums where academics and practitioners discuss
the newest advances in this field. Similarly, specific journals and conferences have emerged,
aiming at providing a forum for discussion. Some specific journals that explicitly deal with
this topic include Research Policy, Technovation, Journal of Technology Transfer, Journal of
Engineering and Technology Management, R&D Management and the International Journal of
Technology Management.

Given the amount of research generated around the different mechanisms through which to
articulate technology transfer processes between universities and business, there is an urgent
need for reviewing the state of the art from its theoretical inception, in the early 1980s, to the
present. This analysis begins in 1980, the year that the Bayh-Dole Act was enacted in the
USA, which allowed universities to own patents arising from federal research grants. In the
same line, researchers working on federal research were stipulated to disclose their inventions
to the technology licensing office, Mowery et al. (2004); Popp Berman (2008). This Act fos-
tered the commercialisation of university research, Kenney and Patton (2009); Link and Siegel
(2005); Link et al. (2007), and since this relevant Act, other countries outside of the USA
such as Denmark, Germany, Austria, and Norway have reformed their IP laws to grant IPRs to
universities, in a similar way to the Bayh Dole Act, So et al. (2008).

By using a wide range of bibliometric indicators, this study identifies the most influential

journals, authors and papers and analyses which countries and research institutions are taking
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a leading role in this particular field. The information was collected from the Web of Science
(WoS) database, regarded as one of the most influential databases in academic research. Some
prior studies have adopted a similar approach but concentrate on specific geographical areas.
Calvert presented a review based on joint scientific publications between universities and in-
dustry in the UK, covering two decades (1980-2000),Calvert and Patel (2003). Similarly, there
is an analysis that examines public and private research collaboration between universities and
industry in Italy during the period (2001-2003),Abramo et al. (2009). In the same line, but
without using bibliometric indicators, had been analysed academic articles in the field of UBC,
starting in 1990 and ending in 2014, Ankrah and Omar (2015). This study differs from previous
ones by considering all the modern tools available for representing an area with bibliometric
indicators, and by adopting a global geographical perspective, Hirsch (2005); Podsakoff et al.
(2008).

3.0.2 Methodology

The search process takes as a basis the Web of Science (WoS) database. Despite there being
other databases that could have been used (e.g. Scopus, EconLit, Google Scholar) was selected
this database as it has been acknowledged to be of high quality and one of the major sources
of citation information in the world, Podsakoff et al. (2008); Yu and Shi (2015).WoS includes
more than 15,000 journals and 50,000,000 articles that encompass all the known sciences,
Merigé et al. (2015). Information is classified into research categories, research areas, articles,
authors, journals, institutions and countries. Today WoS distinguishes 250 categories that are
grouped in 150 areas. For this study, the focus is given to the WoS Core Collection, which
covers 12,000 of the highest impact journals worldwide, including Open Access journals in
the sciences, social sciences, arts, and humanities, with coverage since 1900. Even though
the Social Science Citation Index (SSCI) has received some criticism about ideological bias in
journals’ inclusion, it could be just a result of chance, Klein and Chiang (2004).

The first step in the search process was the identification of meaningful keywords that un-
equivocally return papers that fall within the topic of interest: technology transfer links between
academia and industry. All papers that contained at least two different ideas: a collaboration or
partnership agreement (mechanism articulating the technology transfer process), and the actors
involved —industry and university— were selected. Because literature has referred to these con-

cepts using a variety of terms, It was elaborated a list containing all potential synonyms (see
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Table 3.1: List of keywords

Actors Involved Technology Transfer Agreement
University Business Collaboration
University-Business Cooperation

University-Industry or University Industry | Partnership

Industry-Science or Industry Science Link

Science to Business or Science 2 Business | Technology Transfer

Table 3.1). This step was essential to determine the inclusion/exclusion criteria to apply in the
bibliometric study.

The search was conducted during July and August 2016. The inclusion criteria for accept-
ing papers were: a) document type: article or review, b) language: English, c) timespan: all
years, d) indexes: SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH and ESCI. This re-
search strategy returned an initial set of 696 records, of which 6673 were articles in scientific
journals and 23 reviews. It is important to note that these publications refer to the period com-
prising 1980 to 2016 (see Figure 3.1), coinciding with the enactment of the Bayh-Dole Act in
1980. This reform introduced Important modifications to universities about commercialisation
new technologies and research developments created in the university setting, having profound
managerial and policy implications for those involved in university research commercialisation,
Siegel et al. (2007).

Aiming at identifying the most influential journals, the most relevant articles, the most pro-
ductive authors, as well as the leading institutions and countries researching in this particular
field, Several key indicators were used for measuring the bibliographic material. The main
objective is to provide a general informative overview of the bibliographic data Bonilla et al.

(2015).

3.0.2.1 Bibliometric Analysis

First, the analysis relied on the citations/paper ratio, Merigé et al. (2015), which permits the
identification of the number of articles that have a certain level of influence. Second, the &-
index was used, a measure that integrates publications and citations in the same formulation,
by connecting the number of papers “n” that has received’n” citations, Hirsch (2005). This
index measures the productivity of a researcher and the total impact of the papers. Thus,

researchers with a similar H-index are comparable in terms of their overall scientific impact,
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Figure 3.1: Evolution of papers published by year in university-business collaboration and

knowledge and technology transfer from 1980 to 2016.

even if their total number of papers or their total number of citations are very different (e.g. if
an author or a set of papers has an H-index of 50, it means that the author has 50 papers that
have received at least 50 or more citations. The H-index can be applied to articles, journals,
authors, countries and universities. Thus it allows making a holistic analysis of a certain field
of research, taking into account several different items Blanco-Mesa et al. (2017). The Impact
Factor (IF) for the year 2015, of each journal has been included in Table 3 as a measure of the
quality of the journal. Impact factor analyses the value of a journal by dividing the number of
citations received in the year n-1 and n-2 from year n by the total number of papers published
in the year n-1 and n-2. It is worth noting that the impact factor has received many criticisms
during the last years because it has been argued that it has many limitations because it is easy
to manipulate general result using self-citations or related techniques (Cancino et al., 2017).
The Impact Factor considers only the two previous years. However a less current impact factor
could take into account longer periods of citations and/or sources, but then the measure would
be less updated Garfield (2006). The percentage of papers in UBC of any given journal (TP-
UBC/TP) in Table 3 is also included. To evaluate the citation rate of papers in UBC, in Table
7, the general citation structure of all the papers is presented, classified by several thresholds

concerning the number of citations, > 250; 100,> 50citations.
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To map the bibliometric material,the method of science mapping was employed. This
science can be described as a specific science, where scientific domains or fields of research
are structured in conceptual, intellectual and social ways Cobo et al. (2011). Additionally,
the study uses VOS viewer software which provides easy-to-interpret graphical representations
of the bibliographic material and has the functionality to construct maps based on citation, co-
citation co-authorship, bibliographic coupling and co-occurrence data Merigo6 et al. (2016); van
Eck and Waltman (2010). Bibliographic coupling occurs when two documents cite the same
third documentKessler (1963). Co-occurrence analyses the most common keywords used in the
papers. This list of keywords usually appears on the first page of the paper Laengle et al. (2017).
Figure 3 and Figure 4 present the mapping of the most cited authors between 1980-2016 and
1917-1918 respectively. The mapping is focused on authors, so we look for a citation, co-
citation and co-authorship with a threshold of fifty cites and one paper. Citation analysis counts
the number of times that document A cites document B and vice versa Merigé et al. (2018).
Co-citation occurs when two studies receive a citation from the same third study Small (1973).
Co-authorship measures the most productive set of documents and those that have the highest
degree of joint publications Martinez-Lopez et al. (2018). The graphical visualisation is showed
through a network where the size of the node increases with the number of publications and
the network connection shows the relationship between them. VOS viewer is freely available,
and further information can be found at www.vosviewer.com.

Table 3.2 shows the research categories in which the 696 records have fallen. Only the top
25 research categories are displayed. However, they cover almost the entire sample (95.97%).
The category with the highest number of articles is in Management (334 articles), followed by
Development Planning (137 articles), Industrial Engineering (105 articles) and Business (89
articles). Concerning the research areas, (see Figure 3.2) we can see that Business and Eco-
nomics accounts for 57.47% of the total volume, followed by Engineering (26.72%), Public
administration (20.69%), and Education & Educational Research (11.92%). Overall, these re-
sults mirror the Triple Helix model of university-industry-government relationships Etzkowitz
and Leydesdorff (1998). Indeed, the most recurrent categories are business (industry), educa-

tion (university) and public administration (government).

3.0.2.2 Bibliometric Results

This Section summarises the main results of this review. First, we provide a comprehensive

analysis of the most influential journals in the domain of technology transfer processes aimed
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Table 3.2: Twenty-five main categories according to the web of science core collection report.

Rank Category Number of records % of 696 records
1 Management 334 47.989
2 Planning development 137 19.684
3 Engineering industrial 105 15.086
4 Business 89 12.787
5 Operations research management science 70 10.057
6 Economics 65 9.339
7 Information science library science 63 9.052
8 Engineering multidisciplinary 58 8.333
9 Education educational research 56 8.046
10 Computer science interdisciplinary applications 45 6.466
11 Geography 27 3.879
12 Environmental studies 27 3.879
13 Education scientific disciplines 27 3.879
14  Multidisciplinary sciences 26 3.736
15 Public administration 20 2.874
16  Urban studies 16 2.299
17 Engineering electrical electronic 14 2.011
18 History philosophy of science 10 1.437
19 Social sciences interdisciplinary 9 1.293

20  Computer science information systems 8 1.149
21 Social issues 7 1.006
22 Materials science multidisciplinary 7 1.006
23 Ethics 7 1.006
24 Chemistry multidisciplinary 7 1.006
25  Health care sciences services 6 0.862

Ranking is development according to the percentage of university-business collaboration (UBC) and Knowledge

and technology transfer (KTT) papers in the Journals published between 1980-2016 at Web of Science Core

Collection. The total records found during this period were 696.
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Frequency

150 -

Research areas

Figure 3.2: Top-20 Research areas in university-business collaboration and
technology transfer from 1980 to 2016.

at fostering university-business collaborations. The review is limited to the
Second, following a similar strategy, we concentrate on the most cited articles
on the most prolific authors. Lastly, we study which institutions and countries

this particular field.

The most influential journals were selected according to the h-index and the percentage
of publications during the period 1980-2016. The impact factor was also included as a proxy
for the relative importance of the journal within its field. Information was gathered from the
Journal Citation Reports. The Impact Factor indicator is computed by dividing the number
of citations the journal received during the two preceding years by the total number of papers
published in that journal during the same period. The 20 most influential journals in this field
are shown in Table 3.3. However, as it can be inferred, the most representative ones are those in
the top 10, because their impact factor, H-index and total citations are relatively high compared
to the total volume. This list includes Research Policy, Technovation, Journal of Technology
Transfer, Scientometrics, Higher Education, International Journal of Technology Management,
World Development, IEEE Transactions on Engineering Management, Technological Forecast-

ing and Social Change and R&D Management. These journals are also the target journal outlets

22

10 10 9 7 [3) 5 5 5
o I I s o o - 222
T T S I T s T Y S S Sy
SIS SN SRS S e SRSt JNS e  — =I - R +- IS
& @}‘\ & %o‘“‘x c,o‘“e' C,d"é & & & & ‘;\0‘:’\ ,,p‘“é (,5){“‘; & ,3:"\"' &
F & E & AT & O S &7 B S &P
LS < L@ & o7 & N NS SIS
é;;f" < Q§ o\\‘?}' (}Qg‘ @23' QS\\’& 6\6\ ‘SS—S" < <4“’O&‘ _\-)Q?’v ‘&Q-\v‘ OQQ‘& ‘-!5' @;\é‘ “\43—‘\ ‘_\3\\9
S e o & S o SRl
N ¥ o UG 2N S BN o & N &5 < & ©
Ny NS, L S S & -
< Sl F & SHEPAS o = <5 <
TS I = N Jas & F &
P E S S & & - A% A¥
AN & o s & L S
O X & AES £ =) S o
o
F & & SERS < & & &7
ST & & AN 3
S & & & &
(s) N3 &S
<& )
¥ @

knowledge and

top-20 journals.
. Next, we focus

act as drivers in




where the most productive authors publish their research.

To rank journals, we used the number of citations. This indicator serves as a proxy for the
relevance and impact of an article within the academic community. A total of 25 articles were
selected. The citations/papers ratio was also used to complement the information for relevance
Merigé et al. (2015). Table 3.4 displays the list of top articles. Remarkably, the majority of
these papers had been published in Research Policy. Authors that appear in high positions are
D.S. Siegel, D. Waldman, A. Link, B. Bozeman, H. Etzkowitz, K. Lausen, A. Salter, P. DEste,
P. Patel, M. Perkmann, and K. Wash, all with more than 200 citations.

The most cited papers were published during the first decade of the beginning of the millen-
nium. As it will be later shown in Tables 5 and 6, the most cited articles are authored by those
authors listed as the most influential ones and belong to leading institutions in this area. For
instance, Perkmann and Salter are affiliated to the Imperial College London (UK); Cassiman,
Debackere and Veugelers to KU Leuven (Belgium); Frenken and Bekkers to the Eindhoven
University of Technology (The Netherlands); D’ Angelo, Abramo, and Solazzi to the Univer-
sity of Rome Tor Vergata (Italy) and Freitas and Geuna to University of Turin (Italy).

Table ?? presents a list of the 25 most productive authors in UBC. As shown, Perkmann
leads the ranking with 10 papers; DEste and Muscio tied with 8 papers each, followed by
Salter and Leydesdorff, with 7 publications. Looking at the citations record, Siegel achieves the
highest number (687). This figure suggests that despite not being the most productive author
in this area, his research is impactful, as other authors have widely cited his works. DEste
obtains the second position in terms of citations (641) followed by Perkmann (561), Geuna
(523) and Salter (521). To provide a complete view, several additional columns have been
added, providing information about the total number of papers published and total citations
beyond UBC production (also recorded in WoS). Besides, the number of top papers of each of
the authors listed in the table according to the web of Science Essential Science indicators is
also shown. All of these columns provide meaningful information on how influential and active
an author is. It is relevant to identify whether the authors have concentrated their research
efforts on UBC or have made significant contributions in other research areas. This is the case
with Leydesdorff (163 papers in WoS and 13 top papers), Brostrom (115 papers in WoS, and
5 top papers), Siegel (103 papers in WoS, 10 top papers), DAngelo (83 papers in WoS, 1 top
paper), Abramo (77 papers in WoS, 1 top paper), Salter (62 papers in WoS, 4 top papers) and
Welsh (45 papers in WoS, 4 top papers).
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Table 3.3: Twenty most influential journals in university business collaboration and technology

transfer.
R Journal H-UBC TC-UBC TP-UBC % P-UBC TP TC IF2015 H
1 Research Policy 39 5,271 91 13.075 3,026 116,959 3.470 155
2 Technovation 15 677 31 4.454 1,933 29,328 2.243 68
Journal of

3 12 512 50 7.184 433 3,042 2213 26
Technology Transfer

4 Scientometrics 12 371 38 5.460 4,587 55466  2.084 82

5 Higher Education 10 209 21 3.017 3,602 24,583  1.207 59
International Journal

6 8 137 30 4310 1,982 10,530  0.867 35
of Technology Management

7 World Development 6 179 6 0.862 5,844 100,326 2.438 116

g  [EEE Transactionson 6 115 6 0.862 2024 26011 1454 6l
Engineering Management
Technological F i

g cchnologicalForecasting 5 62 9 1.293 4013 33,163 2678 65
and Social Change

10 R & D Management 5 107 9 1.293 1,972 19,145  1.190 61

11 Industrial and Corporate Change 5 134 6 0.862 723 14,295  1.327 55

12 European Planning Studies 45 12 1.724 1,645 10,874 1.056 39
Technology Analysis &

13 CHnOToRY Andlysts 4 53 10 1.437 1,105 9903  0.845 41
Strategic Management

14 Papers in Regional Science 4 219 5 0.718 930 7,324 1.144 39
J 1 of Engineeri

|5 Courmatolbhgmeening 4 195 5 0.718 482 6491 1474 41
and Technology Management
International Journal

16 3 24 15 2.155 2,453 7,833 0.559 25
of Engineering Education

17 Science and Public Policy 3 27 12 1.724 532 1,605 1.233 15

18  Industry and Innovation 3 30 11 1.580 296 1,686 0.87 20

19  Research Evaluation 3 53 10 1.437 475 3,661 1.467 26

20  Science Technology and Society 2 13 6 0.862 119 124 0.231 6

Abbreviations: R, rank; H-UBC, H-index only with University-Business Collaboration (UBC) and Knowledge

and Technology Transfer (KTT); TC-UBC, Total Citations of papers in the area of University-Business Collabora-
tion (UBC) and Knowledge and Technology Transfer (KTT); TP-UBC, Total Production of papers on the topic of
University-Business Collaboration (UBC) and Knowledge and Technology Transfer (KTT); % P-UBC, percentage

of papers published in a given journal in the specific topic of University-Business Collaboration (UBC) and Knowl-

edge and Technology Transfer (KTT); TP, Total number of papers; TC, Total number of citations; H, H-index; IF

2015, impact factor for the year 2015. Journals are ranked according to the H-index and percentage of TC-UBC.
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Table 3.4: Twenty-five most cited papers in in university business collaboration and technology

transfer.
R J TC Title Author/s Year C/Y
, RP 379 Asses.sing'the impact of organizatiO{lal practices on the relative productivity Siegel et al. 2003 27.07
of university technology transfer offices: an exploratory study
Technology transf d public policy:
2 RP 336 e flo OBy {ransier anc public policy Bozeman et al. 2000 19.76
a review of research and theory
The norms of entrepreneurial science: cognitive .
3 RP 303 . . Etzkowitz et al. 1998 15.95
effects of the new university-industry linkages
Searching high and low: what types of firms
4 RP 240 . o . . Laursen et al. 2004 18.46
use universities as a source of innovation?
iversity-industry link in the UK:
5 RP 232 University-industry lin ages-m the U A - . o D’Este ot al. 2007 232
What are the factors underlying the variety of interactions with industry?
University-industry relationshi d
6 IMR 200 - crryTinGusty reratonsiips an Perkmannetal. 2007 20
open innovation: Towards a research agenda
Res s, capabilities, risk capital and
7 RP 193 CoOUTCeS capablilies, sk capitatand Lockett et al. 2005 16.08
the creation of university spin-out companies
3 RP 176 University patcnting.and its effects OTI Geuna et al. 2006 16
research: The emerging European evidence
Networks of inventors and the role of .
9 RP 172 . . . Balconi et al. 2004 13.23
academia: An exploration of Italian patent data
The role of i hnol sfi
10 Rp 169 heroleofacademic echnology transfer Debackere etal. 2005 14.08
organizations in improving industry science links
11 RP 168 "Technology transfer’ anc'i the .resc?arch' un?versity: ' Lee, Y. 1996 3
A search for the boundaries of university-industry collaboration
12 MS 167 A comparison of US and European university-industry Owen-Smith etal. 2002 11.13
relations in the life sciences
Thy aphical and institutional
13 PRS 160 © geﬁ)grdp reat andanstity mn“i Pond et al. 2007 16
proximity of research Collaboration
Toward a model of the effective transfer of scientific knowledge
14 JETM 160 from academicians to practitioners: qualitative evidence from Siegel et al. 2004 12.31
the commercialization of university technologies
F s affecti iversity-industry R&D projects:
5 RP 152 act(-)rs affecting unlverﬂlfy mdu@tryA & pr(-uectsA Fontana et al. 2006 13.82
The importance of searching, screening and signalling
6 RP 150 'Know]ed'ge inter:ilctions between universities anq Schartinger, etal. 2002 10
industry in Austria: sectoral patterns and determinants
The effects of business-university alli i ti tput
17 BV 148 e ? ec s of business-university a 1ances' on innova 1\.,6 outpu . George et al. 2002 9.87
and financial performance: a study of publicly traded biotechnology companies
Bottom- sus top-d licies towards th
18 RP 144 - oronup versusfop-down poticies fowards fhe Goldfarbetal. 2003 10.29
commercialization of university intellectual property
R&D cooperation between firms and universities.
19 1[I0 142 . . . . Veugelers et al. 2005 11.83
Some empirical evidence from Belgian manufacturing
H ffecti hnology i s?
0 RP 136 O.W effective are technology incubators Colombo et al. 2002 9.07
Evidence from Italy
21 RP 121 Inves-tigali‘ng ‘lhe factors that dirr'linish the barriers Braneel et al. 2010 17.29
to university-industry collaboration
Equity and the technology transfer strategi
2 Ms 117 Cduyandihefechnology fransier strafegles Feldman et al. 2002 7.8
of American research universities
23 RP 13 Analysing knowledge transfer channels between Bekkers et al. 2008 12.56
universities and industry: To what degree do sectors also matter?
Academic engagement and commercialisation:
24 RP 96 . . . L . Perkmann et al. 2013 24
A review of the literature on university-industry relations
Innovation, spillovers and university-industry collaboration:
25 JEG 88 Ponds et al. 2010 12.57

an extended knowledge production function approach

Abbreviations: R, rank; J, Journal; TC, Total Citations; Year, Year of Publication; C/Y, Average of citations per

year. Rank according to the results from WoS Core Collection for the period 1980-2016, with 696 records; Sum
of Times Cited 11553; Average Citations per item 16.3;5H-index 51. RP, Research Policy; IJMR, International

Journal of Management Reviews; MS, Management Science; PRS, Papers in Regional Science; JETM, Journal

of Engineering and Technology Management; JBV, Journal of Business Venturing; 1JIO, International Journal of

Industrial Organization; JEG, Journal of Economic Geography.
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Table 3.5: Twenty-five most productive authors in University- Business Collaboration and
Knowledge and Technology Transfer.

R  Author/s Affiliation Country TP TC H T25 TP TC ESI
Imperial Coll

| Perkmann, M. penaiotege England 10 561 7 5 17 567 2
London
Uni itat Politcni

2 DEste, P. fverstat FOUIene s pain 8 641 7 4 19 591 4
de Valncia

3 Muscio, A. University of Foggia  Italy 8 123 4 1 0 0 0
Imperial Coll

4 Salter, A. fpertat L-oflege England 7 521 5 4 62 1763 4
London
University of

5 Leydesdorff,L. co© The Netherlands 7 222 5 1 163 3282 13
Amsterdam

6  Geuna, A. University of Turin Italy 6 523 5 4 17 581 2

Royal Institute

7  Brostrom, A. Sweden 6 156 5 1 115 1,867 5

of Technology
8  Park, HW. Yeungnam University South Korea 6 109 3 1 0 0 0

Eindhoven University

9  Frenken, K. The Netherlands 5 265 3 2 41 1,710 11
of Technology

10  Freitas, LM.B.  University of Turin Italy 5 149 4 1 0 0 0
University of R

11 DAngelo, CA. ooy OLROME ey 5 8 5 0 8 83 1
Tor Vergata
University of Rome

12 Abramo, G. Italy 5 8 5 0 77 793 1
Tor Vergata

Fernandez- .
13 . CSIC Spain 5 25 3 0 0 0 0
Esquinas, M.

14 Siegel, D.S. University at Albany  USA 4 687 4 4 103 3,524 10

15 Veugelers, R. KU Leuven Belgium 4 381 4 2 30 794 1
Georgia Institute

16 Walsh, K. USA 4 339 4 3 0 0 0
of Technology

17 Debackere, K. KU Leuven Belgium 4 277 4 1 29 760 0

18 Cassiman, B. KU Leuven Belgium 4 191 4 1 13 618 2
Eindhoven University

19 Bekkers, R. The Netherlands 4 132 2 1 42 572 1
of Technology

20 Tartari, V. University of Bath England 4 119 2 1 0 0 0
University of

21 McKelvey, M. oo O Sweden 4 110 3 1 0 0 0
Gothenburg

. University of Rome

22 Solazzi, M. Italy 4 74 4 0 0 0 0
Tor Vergata

23 Welsh, R. Clarkson University USA 4 59 2 0 45 2492 4

University of

24 Biscotti, D. USA 4 5 2 0 0 0 0

California Davis
25 Thune, T. University of Oslo Norway 4 43 4 0 0 0 0
Abbreviations: R, rank; H-UBC; H-index only with University-Business Collaboration (UBC) and Knowledge
and Technology Transfer; TC-UBC and TP-UBC, Total Citations (TC) and Total Production (TP) in UBC; T25,

number of papers in the top 25 list shown in Table 4; TP and TC, total papers and total citations in all publications

indexed in WoS Essential Science Indicators for the past 2 years; ESI, top 1% papers of WoS (past 2 years).
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In order to study the evolution of the UBC field between 2017-2018 period, ten authors with
the highest presence and influence were chosen to compare their scientific contribution over a
period from the last two years, (from January 2017 to February 2018). In order to analyse this
data set, it was used Web of Science (WoS) and Google Scholar databases. These databases
were selected due to having been acknowledged to be of high quality and one of the primary
sources of citation information in the world Klein and Chiang (2004); Owen-Smith and Powell
(2001). For the searching process, the focus was on the total number of articles and the total
number of citations of each author in both databases.

Table 3.6 presents the Evolution of the 10 Most productive authors between 2017-2018.
As we can see, Leydesdorff, is the most productive author with 15 papers; Frenken, 9 papers,
Salter 4 and Muscio, 3 followed by Perkmann, Brostrom, Freitas, with 2 publications and
D’Este with 1 article. Finally, Geuna and Park had not published papers during this period in
spite of those authors had been very active the previous years. Looking at the citations records,
we observed that Frenken and Leydesdorff have received more citations in WoS with 9 and 15
new publications each. The leading authors in Google Scholar also are Frenken, with 21 papers
and 106 citations and Leydesdorff, with 20 articles and 80 quotes.

To provide a complete picture of the results, the information found in the WoS database
and Google Scholar were compared, and both are quite similar. In general, most of the authors
present an increase in papers and citations in Google Scholar database due to it includes papers,
books and conference proceedings as well. Especially in the case of Leydesdorft and Frenken,
who have also made contributions in other areas and show significative increments.

To compare the 2016 and 2018 rankings of the most productive authors, Table 3.7 sum-
marises and show the main changes. Note that DEste with one article and Park and Geuna
with no publications are the authors have lost positions in the classification. On the other hand,
Leydesdorff and Frenken have moved up places due to the number of papers published and
citations obtained. Most authors kept their position in the ranking. It is worth noting that of
nine out of ten leading authors in UBC field are from Europe; this could mirror high interest
of European researchers in the market application of their inventions through the engagement
with the industry.

In an effort to complement the information of the most productive authors (See Table3.5)
and their evolution (See Table 3.6). The bibliographic material was mapped using concepts
such as citation, co-citation and co-authorship with a threshold of fifty cites and one paper.

Figure 3 and Figure 4 show the social network and identify their professional ties between
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3. LITERATURE REVIEW

Table 3.6: Evolution of 10 most productive authors in University-Business Collaboration be-
tween 2017-2018 according to Web of Science and Google Scholar databases.

TP TC H TP TC H

UBC UBC UBC UBC UBC upc _r ¢ TCG o HG

R Author Affiliation C Scholar Scholar Scholar
WoS WoS WoS WoS WoS WoS

17-18 17-18 17-18

2016 2016 2016 17-18 17-18 17-18

Imperial
Perkmann,
1 M College UK 10 561 7 2 1 1 3 0 0
' London
Universitat
2 DEste, P. Politcnica ES 8 641 7 1 0 0 5 1 1
de Valncia
. University
3 Muscio, A. . IT 8 123 4 3 0 0 4 1 1
of Foggia
Imperial
4 Salter, A. College UK 7 521 5 4 4 1 6 13 1
London
Leydesdorff, Universit
5 oydesdor VY N 7 222 s 5 13 2 20 80 6
L. of Amsterdam
6  Geuna A, UMYESIY o 55 s 0 0 0 1 0 0
of Turin
Royal
Brostrom,
7 A Institute SE 6 156 5 2 2 1 3 5 2
' of Technology
Y
8  Park, HW. CUNENAM kR 6 109 3 0 0 0 0 0 0
University
Eindhoven
9  Frenken, K. University NL 5 265 3 9 17 3 21 106 6
of Technology
Freitas, University
10 IT 5 149 4 2 0 0 3 29 2
LM.B. of Turin

Abbreviations: R, rank; C, Country; H-UBC; H-index only with University-Business Collaboration (UBC) and
Knowledge and Technology Transfer (KTT); TC-UBC and TP-UBC, Total Citations (TC) and Total Production
(TP) in UBC indexed in Web of Science. Essential Science Indicators: TP and TC, total papers and total citations
in all publications indexed in Google Scholar during the period from January 2017 to February 2018. NL, The
Netherlands; UK, United Kingdom; IT, Italy; ES, Spain; SE, Sweden; KR, South Korea.
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Table 3.7: Evolution of 10 most productive authors in UBC between 2016-2018, according to

Web of Science database.

TP-UBC TC-UBC H-UBC

R Author Affiliation Country WoS WoS WoS
(16-18) (16-18)  (16-18)
Leydesdorff, ..
1 L University of Amsterdam NL 22 235 5
Eindh Universit
2 Frenken K. o iovon DHIVESEY NL 14 282 3
of Technology
Perkmann, .
3 M Imperial College London UK 12 562 7
Muscio, A. University of Foggia IT 11 123 4
5 Salter, A. Imperial College London UK 11 525 5
Universitat Politcnica
6 DEste, P. ) ES 9 641 7
de Valncia
Royal Institut
7 Brostrom, A. oyal nstitute SE 8 158 5
of Technology
Freitas, . . .
8 University of Turin IT 7 149 4
LLM.B.
9 Geuna, A. University of Turin IT 6 523 5
10 Park, HW. Yeungnam University KR 6 109 3

Abbreviations: R, rank; H-UBC; H-index only with University-Business Collaboration (UBC) and Knowledge
and Technology Transfer (KTT); TC-UBC and TP-UBC, Total Citations (TC) and Total Production (TP) in UBC
Indexed in Web of Science Essential Science Indicators, during the period from January 2016 to February 2018.
NL, The Netherlands; UK, United Kingdom; IT, Italy; ES, Spain; SE, Sweden; KR, South Korea.
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3. LITERATURE REVIEW

them. As we can see, the typology of the network showed in both figures follow a power-law
connectivity distribution, implying that most of the nodes only have a few links, held together
by a few highly connected hubs Abramo et al. (2009).

Figure 3.3 shows Perkmann with the most massive network; He keeps links with 120 au-
thors out of a total sample of 134. Perkmann, as the central hub in this network, takes part in
many representative clusters who hold the network connected. i.e. (Perkmann, Grimaldi, Tar-
tari and Boardman), (Perkmann, DEste, Salter, Geuna, Muscio and Frenken) and (Perkmann,
Tartari, Etzkowitz). These strong connections confirm why Perkmann is the most recognised

author in the UBC field.
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Figure 3.3: The Most cited authors from 1980 to 2016. Colours indicate the citation impact
of different authors,The size of the node, the productivity of them. The link width shows the

citations frequency between authors.

Figure 3.4 shows, Leydesdorff, Frenken, Salter, Brostrom and Perkmann as important
names for the period of 2017 - 2018. In this period, Leydesdorff and Frenken appear as the
authors with the most connections due to higher productivity in the last two years.

TTable 3.8 presents the list of the leading institutions that published papers in the field
of UBC. Ranked according to the H-index obtained in the 10 journals considered to be the

most influential ones (see Table 3). Also, two other factors have been considered: (a) the total
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Figure 3.4: The Most cited authors from 2017-2018. Colours indicate the citation impact of
different authors. The size of the node, the productivity of them. The link width shows the

citations frequency between authors.

volume of publications for the period under analysis (since 1980), and the production over the
last 10 years.

The Consejo Superior de Investigaciones Cientficas (CSIC) leads the ranking with 20 pa-
pers, all of them published in the last 10 years, and more than half of them (11) were published
in the 10 most influential journals in this area. KU Leuven is in the second position with 17
papers, followed by the Imperial College of London (16 papers). It is remarkable to see the
leading role of UK institutions. After adding the citations received by three of them, (Imperial
College, University of Sussex and University of Nottingham) they account for 2,580 citations.

The relevant role of KU Leuven as a leading centre in this area is supported by the findings
of the study elaborated by Debackere and Veugelers (2005). These authors report that among
Belgian universities, KU Leuven received the most significant investment for R&D activities.
In fact, data corroborate that this university is very active in terms of granted patents and spin-
offs, compared to the average level of European universities. This high volume of output is
aligned with the mission statement of the university, which posits that KU Leuven is an aca-
demic institution where research and knowledge transfer are both essential and complementary
(KU Leuven, Mission Statement, 2002). Therefore, the inclusion of this university in this list

is not by accident. Likewise, three of the most prolific authors are affiliated to KU Leuven,
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Table 3.8: Most influential institutions in university-business collaboration and Knowledge and

technology transfer.

o TP TC H TP TC TP TC
R Institution Country H
UBC UBC UBC (Y-10) (Y-10) J-10)  (J-10)
1 CSIC Spain Spain 20 511 10 20 511 10 11 428 8
2 KU Leuven Belgium 17 609 10 13 233 6 9 395
Imperial
3 S mpena England 16 912 12 14 646 10 9 743 8

College London
University of

4 England 13 859 10 11 804 8 8 681 6
Sussex
Universitat

5 Politcnica de Spain 13 469 8 13 469 8 9 400 6
Valncia
University of

6 England 12 173 5 10 169 5 2 58 2
London
University of

7 R England 11 249 7 8 197 5 6 195 5
Cambridge
P Stat

8 enn State USA 10 209 5 7 65 3 4 66 4
University
University of

9 Japan 9 179 6 5 85 4 4 143 4
Tokyo
Uni ity of

10 _nwvesityo England 9 82 4 7 48 303 40 2
Manchester
University of

11 USA 9 271 6 9 271 6 9 271 6
California Davis

o Copenhagen Denmark 9 473 6 8 231 s 7 418 s
Business School
University of

13 i USA 8 592 5 1 3 1 3 409 3
North Carolina
Uni ity of

14 nvesiyo Italy 8 124 4 8 124 4 2 11 1
Foggia
Loughborough

15 . X England 8 341 4 8 341 4 2 75 2
University

g Ceorsialnstiute g 8 432 s 8 432 5 6 421 4
of Technology
Bocconi

17 . K Italy 8 418 8 6 236 6 6 389 6
University
Uni ity of

18 _nwvesiyo England 7 809 5 4 164 2 6 737 4
Nottingham
University of The

19 222 5 7 809 5 2 87 2
Amsterdam Netherlands

2o Royal Institute Sweden 7 161 5 7 161 5 4 148 4
of Technology

21 CNRS France France 7 44 4 6 44 4 2 19 2
Yo

2p  Yeunenam South Korea 6 109 3 6 109 3 2 87 2
University

a3 University The 321 6 6 21 6 2 49 2
of Utrecht Netherlands

iversi f

g4 ~Universityo USA 6 106 4 5 103 4 6 106 4
California Berkeley
N astl

25 | oweastie England 6 373 6 37 3.0 0 0
University

Abbreviations: R, rank; H-UBC, H-index only with University-Business Collaboration (UBC) and Knowledge
and Technology Transfer (KTT); TC-UBC and TP-UBC, Total Citations and papers only with UBC; TP-UBCI10,
TC-UBC10 and H-UBC10; Total Papers and citations, and H-index by institutions in the last 10 years in UBC; TP-
UBC (J-10), TC-UBC (J-10) and H-UBC (J-10), Total Papers, citations and H-index in UBC in the first 10 Journal
shown in the Table 3. 10 journals include Higher Edl%tion, IEEE Transactions on Engineering Management,
International Journal of Technology Management, Journal of Technology Transfer, R&D Management, Research

Policy, Scientometrics, Technological Forecasting and Social Change, Technovation, and World Development.



corroborating that this university is highly productive in terms of technology transfer outputs.
It is also worth noting that KU Leuven has a critical mass of researchers investigating UBC
practices.

This section presents the geographical distribution of the research published in UBC. The
focus is on publications signed under the name of the institution or a team inside the country and
not based on the nationality of the researcher. Table 3.9 displays the results ranked according
to the H-index, total papers and citations. The USA is the most productive country, with 190
papers. Half of this production corresponds to the last ten years (97 papers). The UK is the next
country in the ranking, with 103. The third position is for Italy, with 63, papers followed by
Spain, with 50 papers. The Netherlands appears in the fifth position after Germany and Japan.

By adopting a bibliometric approach, this study contributes to the current literature by
providing a global picture of the academic research in technology transfer mechanisms through
which University Business Collaboration (UBC) can be established. This study overcomes
the limitations of previous studies that adopted a similar approach by not only focusing on
a specific country or territory but also adopting an international perspective. The period of
analysis considers publications from 1980 up to 2016 since in 1980 the Congress of USA
enacted the Bayh-Dole Act, which eased the commercialization of university research and thus
university-business collaboration as well (Kenney and Patton, 2009; Mowery et al., 2004; So
et al., 2008).

The results indicate that the USA, England, Italy Spain and the Netherlands are the leading
countries in this area, and all of them have shown a significant increase in their production over
the last 10 years. The analysis also reveals that the major categories in which these publications
fall have a strong focus on business, public administration and education. The logic behind
this lies in the fact that these areas are the ones more closely related to growth and economic
development.

Regarding the study of the leading institutions, the countries hosting them are Spain, the
USA, Belgium, and the UK. Top institutions include the Consejo Superior de Investigaciones
Cientficas (Spain), followed by The Imperial College London (UK) and KU Leuven (Belgium).
All these institutions have a similar h-index. Thus the productivity and impact factor of these
institutions are reasonably comparable. Concerning the analysis of the most cited researchers,
Perkmann, DEste, Muscio, Salter and Leydesdorff (co-author of triple helix model) stand as
important big names in this area, publishing their works in some of the highest standing journals

in this field, such as Research Policy, Technovation and the Journal of Technology Transfer.
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Table 3.9: Most productive countries in university business collaboration and technology

transfer.

% 0f 696 TC H >250 >100 >50 TP-UBC TC-UBC H-UBC

R Country TP-UBC
records UBC UBC UBC UBC UBC (Y-10) (Y-10) (Y-10)

1 USA 190 27.30 4043 31 3 6 7 97 1,369 22
2 England 103 14.80 3442 30 1 8 11 84 2,179 23
3 Italy 63 9.05 1477 16 0 4 5 57 976 15
4 Spain 50 7.18 926 14 0 2 3 45 668 12
5 The 44 6.32 980 18 0 2 4 40 871 16
Netherlands
6 Germany 37 5.32 600 12 0 1 2 31 365 10
7 Japan 34 4.89 414 11 0 0 1 23 252 9
8 Canada 30 4.31 253 8 0 0 0 19 154 8
9 South Korea 29 4.17 245 9 0 0 1 25 225 8
10 France 29 4.17 532 11 0 1 2 25 524 11
11 Australia 28 4.02 305 7 0 1 0 21 81 6
12 Belgium 27 3.88 916 15 0 2 4 22 465 10
13 China 26 3.74 104 6 0 0 0 26 103 6
14 Sweden 24 345 425 9 0 1 1 19 242 7
15 Denmark 16 2.30 510 7 0 2 1 15 268 6
16  Taiwan 13 1.89 68 4 0 0 0 12 67 4
17  Switzerland 11 1.58 113 5 0 0 0 10 95 4
18  Ireland 11 1.58 56 5 0 0 0 10 55 5
19 Norway 10 1.44 58 4 0 0 0 10 58 4
20  Finland 10 1.44 133 5 0 0 1 9 115 5
21  Singapore 9 1.29 60 3 0 0 0 7 48 3
22 Scotland 8 1.15 117 5 0 0 1 6 43 4
23 Portugal 8 1.15 131 3 0 0 1 7 49 3
24 India 7 1.01 18 2 0 0 0 4 6 1
25 Hungary 7 1.01 99 3 0 0 1 6 48 3

Abbreviations: R, rank; H-UBC, H-index only with University Business Collaboration (UBC) and Technology
Transfer; TC-UBC and TP-UBC, Total Citations and Papers only with UBC; (250, ;100, ;50, number of papers
with more than 250, 100 and 50 citations in UBC; TP-10, TC-10, and H-10, Total Papers, Total Citations and
H-index in the last 10 years in UBC.
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Chapter 4

Case Study of Companies co-located at
Science Parks in Spain and Mexico

Science and Technology Parks (STPs) facilitate the flow of knowledge and technology among
universities; R&D institutions; companies and markets, and foster the creation and growth
of innovation-based companies. Among the diversities of STPs, it is possible to identify two
types: (i) Science Parks (SPs), which involve university shareholding and (ii) Technology Parks
(TPs), which are not owned by universities. This study will take into account only SPs since
they are closely linked to the university, and they are the bridge between a University and com-
panies in the process of Knowledge and Technology Transfer (KTT). The evaluation of the
firms’ performance in Science Parks results determinant to identify the needs of the compa-
nies and the feasibility of the University-Business Collaboration (UBC). The firms’ real needs
also are of interest for Universities and Science parks, since they face the challenge of design-
ing strategies that best help them to transfer the knowledge more effectively. While previous
studies have been focused on tenants innovation performance on-Park and off-Park, very little
research has taken into account the Parks heterogeneity that may affect the firms’ performance.
This research paper focuses on SPs in Spain and Mexico due to data availability. This paper
(i) aims to identify the Key Performance Indicators (KPIs) in UBC used by Companies co-
located at SPs, and (ii) explore the performance measure (KPIs) in UBC and critical success
factors of Science Parks. For this study, data was collected through fifty eight online company
surveys in Spain and forty two in Mxico. This empirical analysis uses fourteen semi-structured
interviews, addressed to SPs directors in order to explore (KPIs) and success factors of SPs in

both countries.
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4.1 Related studies

Given the importance of STPs in the innovation process, several authors have been interested
in investigating these organizations from different perspectives. The most representative stud-
ies are focused on the firm’s innovation performance on-Park and off Park location, and very
little research has taken into account the Parks heterogeneity that may affect the firm’s perfor-
mance. Albahari et al. (2017). Regarding studies in Spain about firm’s innovation performance,
Vasquez-Urriago et al. (2014) prove the increase in the probability of being an innovator, in
firms co-located in Spanish STPs and, show a positive effect on innovation outcomes, specially
in small firms. Alternatively, Diez-Vial and Montoro-Sanchez (2016) present a case study of
Madrid Science Park in which the innovative capacity increases when the firms have long-term
relationship with the university, and go on to show that when firms focus on internal knowl-
edge networks with other co-located firms, there is an increase in the innovative outputs. In
comparison, Albahari et al. (2017) finds that the more involved of the university in the STPs,
the firms have a negative impact on innovations outputs but a positive effect on the number
of patent applications.Moreover, in most recently studies Albahari et al. (2018) find that firms
co-located at new and consolidated STPs have a positive impact on innovations outcomes, and
the size and management of STPs are positively related to this innovation outcomes.

In Mexico, Science and Technology Parks (STPs) are in a stage of development and in
recent years, new STPs with different characteristics and typologies have been opened; studies
show that there are two hundred and fifty R&D centres linked to public universities, and most
of them funded by The National Council of Science and Technology of Mexico, (CONACyT).
These centres carry out the knowledge and technology transfer process with universities and
companies; however, only there are around twenty-four STPs in Mexico, which we can men-
tion the most emblematic as Parque de Investigacién e Innovacién Tecnoldgica de Monterrey,
(PIIT), Parque de Innovacion Tecnoldgica BioHelis and Centro del Software in the state of
Jalisco,Rodiguez and Guevara (2014);Villegas and Pérez-Hernandez (2010).

Regarding Science Parks (SPs), it is worth highlighting the work of Instituto Tecnolégico
y de Estudios Superiores de Monterrey, (ITESM) and other private universities who have taken
the initiative to promote the Science Parks model by supporting companies on campus as well
as start-ups since the incubation and acceleration stages. These SPs are focused mainly on

technological sectors, Molina et al. (2011).
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4.1 Related studies

Similar studies in other countries compare the effects of park location on firms. For ex-
ample, Colombo and Delmas-tro (2002) (Italy, 45-on and 45-off Park), the study showed no
significant effect on patents and found that on-park firms have more educated workforce and
therefore more absorptive capacity, The results from Siegel et al. (2003) (UK, 89-on and
88-off Park) showed slightly positive effects on R&D and patents; Squicciarini (2008) (Fin-
land, 48-on and 72-off Park) found a positive effect on patents and in most recent studies
only taking into account on-park firms Squicciarini (2009) the study showed that the more
firms on-park, the better patents activity for tenants and therefore more knowledge spillover;
Fukugawa (2006)(Japan, 74-on and 138-off Park) observed a positive impact on collaborative
research with universities but no enough UBC; Yang and Lee (2000) (Taiwan, 57-on and 190-
off Park)also found a positive effect on R&D productivity and finally, Ferguson and Olofsson
(2004) (Sweden, 30-on and 36-off Park) found a positive effect on survival rate, but no signifi-
cant effect on growth, See Table 4.1.
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4.1 Related studies

It is important to note that co-locate a company at Science Park helps to reduce communica-
tion and cultural barriers while building trusted relationships, which encourages more knowl-
edge dissemination,Van der Bij et al. (2003). This knowledge dissemination can occur both
formally and informally, and both horizontally and vertically. Moreover, Song et al. (2007),
confirm that co-location is positively associated with the level of knowledge dissemination
in technology development. Additionally, geographical proximity is essential to companies
because of the potential to increase the rate of knowledge and technology transfer activities,
Abramovsky and Simpson (2011);Santoro and Gopalakrishnan (2001).

Despite the extensive literature about the critical role that plays the Science and Technol-
ogy Parks in knowledge and technology transfer process between universities and companies,
several empirical studies have not found a significant correlation between tenants of SPs and
higher education institutions (HEIs), and weak interaction between business and HEIs also sug-
gests weak spillover effects and therefore low R&D agglomeration, Fukugawa (2006). For the
above, it is essential that HEIs know about the objectives and needs of companies in order to
develop new strategies, tools and communication channels to strength UBC and, in this manner
to contribute to economic growth and social development through the transfer of knowledge to
society.

The transfer of knowledge between (HEIs) and industry occurs through a variety of mecha-
nisms,DEste and Patel (2007). The following are among the most representative activities: the
hiring of university graduates, the exchanges of personnel, university joint research -company,
research contracts, consulting, patents and publications, licenses, spin-off companies, and lab-
oratories financed by industry and other physical facilities. It also includes informal contacts
such as meetings and conferences. Using the activities above, companies can collaborate with
universities in a wide range of possibilities.

It is important to highlight that knowledge and technology transfer processes is crucial to
exploiting the most modern technologies and the latest discoveries made by research groups
and then applying them in the production system to solve the real problems that companies
face day after day. In Europe, the gap between high levels of scientific productivity on the
one hand and its minimal contributions to industrial competitiveness, on the other hand, seems
extremely wide. This gap, also known as The European Paradox has been attributed to a
low intensity of linkage between science and industry and to asymmetric information between
industry and science regarding the value of innovations. Science and industry operate dif-

ferently. Their daily activities are highly tied to specific organisational culture, mission and
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corporate practices, Siegel (2003). Accordingly, goals might signal three opposite directions.
First, companies cannot evaluate the quality of the invention a priori, and researchers may have
difficulties in assessing the commercial profitability of their inventions, Macho-Stadler et al.
(2007). Second, poor communication channels and low interest of the companies in academic
research are other reasons that prevent universities and businesses from cooperating, Baldini
et al. (2007). On the other hand, industries seek solutions that make their operations and pro-
cesses more competitive, their products more attractive, and this consequently enable them to
become more profitable, Igbal et al. (2011a); Rohrbeck and Arnold (2007). Third, time-span
is another critical factor. University research projects tend to require long periods, while in-
dustry demands short cycles to compete in the market and achieve a competitive advantage,
Bruneel et al. (2010); Dunowski et al. (2010); Bodas Freitas et al. (2008). Taking into account
what was previously mentioned about the economic and social impact that University-Business
Collaboration (UBC) has in the development of a country and the key role that play Science
Parks in knowledge and technology transfer (KTT) process as well as their implications in
the increase of global competition, employment and productivity, the present study aims to

investigate companies co-located at Science Parks, (SPs) and, identify:

1. the criteria to select an SP,
2. the business objectives to select an SP and,

3. toidentify the evaluation metrics, Key Performance and Innovation Indicators (KPIs),

used by companies co-located at SPs,to evaluate the company performance on campus.

The evaluation of the firms’ performance in Science Parks results in determinant to identify
the needs of the companies and the feasibility of this University Business Collaboration. Firms
real needs also are of interest of universities, because they face the challenge of designing
strategies that best help them to transfer the knowledge more effectively.

For this objectives, KPIs in UBC will be used, which are based on the principal UBC
activities found in the literature,Davey et al. (2018),Barnes et al. (2002), Seppo and Lilles
(2012), Perkmann et al. (2011), Langford et al. (2006),Igbal et al. (2011a), and Tijssen et al.
(2009). The activities of UBC used in this study are embedded within the three missions of the
universities, and their importance is derived from this. The purpose of this study is to cover the
main activities of knowledge and technology transfer between the university and industry with

their respective KPIs.
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4.2 Qualitative Methodology

Since performance metrics are used for firms to measure and monitor the achievement of
objectives at different levels, Chiesa et al. (2009). The main objective of this research is to
examine the level of importance of each KPI in UBC for companies co-located at SPs and,
identify what matters to them, in terms of business objectives (i.e. long-term R&D, consulting,
hire talent) and needs (i.e. human capital, technological, research, funding). Moreover, this
research will also be taking to account Science Parks, exploring their KPIs and critical success
factors through semi-structured interviews with Science Parks directors. All this in order to
identify those SPs indicators that measure UBC and in this manner, explore those that are

aligned with co-located companies KPIs.

In summary, this study adds to the literature on UBC by utilizing KPIs in UBC, such it is a

scalable and straightforward diagnostic tool and useful for universities and SPs.

4.2 Qualitative Methodology

This study uses both a qualitative and quantitative research approach. With respect to qual-
itative research, it has been conducted through fourteen semi-structured interviews with the
directors of Science Parks in Spain and Mexico; seven directors from each country were inter-
viewed. The interviews in Spain were conducted by June 13, 2018, while in Mexico they took
place between October 2018 and January 2019. The questionarie was designed to cover two
main categories: (i) the main KPIs in UBC of the SPs and (ii) critical success factors of SPs.
The information was coded into these two groups using Atlas.ti software tool. The interview is
a directed conversation,Lofland and Lofland (1995) and a useful tool for interpretative research,
as it allows a more in-depth exploration on a particular topic,Charmaz (2006). The study used
content analysis to study the data,Bardin (1991), the interpretive data was done applying the
qualitative research process, Walsham (2006). The interviews were designed based on the In-
ternational Association of Science Parks (IASP) Strategigram Questionnaire, Vikstrom (2006),
which examines different strategic approaches and creates a profile for each science park tak-
ing into account strategic issues such as the target markets, target companies and the degree of

specialization. Experts on the board of the IASP have validated the questionnaire.
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4.3 Quantitative Methodology

Regarding quantitative research, a survey was designed with the objective of identifying the
main KPIs in the University-Business Collaboration (UBC) and innovation indicators, used by
companies co-located at SPs. For this purpose, a literature review of the most representative
studies on this topic was carried out. Twenty-one KPIs in UBC and innovation indicators
were selected for the survey. Additionally, all these KPIs in UBC were classified into the
three primary missions of the Universities: Education, Research and Valorisation, Davey et al.
(2011). The online SurveyMonkey platform was used to send the survey and collect data. A
total of nine SPs took part in this research, five from Spain and four from Mexico,(See table
4.2). From an original dataset of 430 firms, we obtained 138 responses. The response rate is
thus 32.09%; from this sample, 38 questionnaires with incomplete responses were removed and
we obtained 100 valid responses,(See figure 4.3), shows the data collected at Science Parks.
In addition to designing and validating the online survey, two frameworks were devel-
oped with the main KPIs, taking into account university and company perspectives. These
university-company frameworks show the objectives, strategies and long-term KPIs, as well
as process KPIs, and they are a useful guide to evaluate the accomplishments and alignment
of goals in UBC, (See Figure 4.2 and Figure 4.1 ). The university-company frameworks were
developed from September 2017 to March 2018 in a collaborative work with the firm CA Tech-
nologies, which has been co-located at the Universitat Politcnica de Catalunya, Spain, for eight
years. This collaborative work is a result of the Science2Society project, which has received
funding from the European Unions Horizon 2020 research and innovation program under the

grant agreement N 693651.
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Figure 4.3: Data Collected by Science Park

A comparative approach was used between Spain and Mexico. Dataset was taken from
fifty-eight online surveys in Spain and forty-two online surveys in Mexico. First of all, the
firms were asked about their criteria to choose the university science park (i.e. university with
an entrepreneurial culture, location, previous joint projects, etc.). Secondly, they were inquired
on their business objectives to co-locate the company at SP (i.e. R&D, research contract, hire
talent, etc.),Frglund et al. (2018).Thirdly, they were asked about the KPIs in UBC and inno-
vation indicators that they use to evaluate the company performance on campus. To measure
the level of importance of KPIs, firms have qualified each indicator on a 4-point Likert scale
(1=Not important to 4=Very important). The innovation indicators used in this study were
based on the Community Innovation Survey (CIS), which is part the EU science and technol-
ogy statistics and is undertaking every two years by EU member states. Finally, the firms were
asked about the support received by the university in funding, business, legal and technological

issues.
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4.3.1 Statistical Analysis

Concerning the Statistical Method, the Categorical Principal Components Analysis (CATPCA)
technique was applied for data analysis, using IBMs SPSS statistical software. The CATPCA
technique serves for data reduction by finding homogeneous groups of categorical variables and
highlighting their correlation between each other, Greenacre (2008); Abdi and Williams (2010)
Abdi. The study uses this statistical technique in order to represent the results graphically, (see
Appendix A).

To identify the influence and weight of each KPI, a total of seven CATPCA factor anal-
ysis were applied, one for each data subset: (1) Companies Criteria for choosing a SP; (2)
Companies Business Objectives for choosing a SP; (3) Education KPIs in UBC; (4) Research
KPIs in UBC; (5) Valorisation KPIs in UBC; (6) Innovation KPIs and (7) University Support
to companies co-located at SP. Furthermore, the reliability of the test was confirmed with the
Cronbachs alpha, all results showing an internal consistency threshold above .80. In addition,
to evaluate the statistical significance differences between Spain and Mexico we compute two
tests: Chi-squared test, due all variables are categorical and Mann-Whitney U test, because we

used ordinal scale,(see Appendix A).

4.4 Comparative analysis of KPIs in UBC between Spain and Mex-

ico

According to data analysis and evaluation, the characteristics of firms in both countries showed
significant similarities in relation to industrial sectors, the type of company, size and market.
As mentioned before, 100 companies have participated in our survey study, 58% from Spain
and 42% from Mexico. The most representative industrial sectors in both countries are infor-
mation and telecommunications with 31.63% of the full sample, followed by professional and
scientific services, 27.55% and other services, 20.41%. Relating to the type of company, 50%
are start-ups, 43.62% consolidated companies and 6.38% spin-offs. The distribution by size of
companies is as follows: 50.51% with O to 10 employees; 36.36% with 11 to 49 employees;
8.08% with 50 to 249 employees; 1.01% with 250 to 499 employees and 4.04% large com-
panies with more than 500 employees. Finally, in terms of the market, 48.39% of companies

commercialise their products and services in international markets, 37.63% nationally and only
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13.98% in the local market; therefore, both samples are comparable, (see Figures:4.4;4.5;4.6,
AND 4.7,

e I - -

0%  10% 20% 30% 40% 50% 60% T0% 80% 20% 100%

B ~griculture, forestry and fishing [JlJ Mining and quarrying Manufacturing
Electricity, gas, steam and air conditioning supply
. Water supply; sewerage and waste management . Construction
B wholesale and retail trade Transportation and storage
B Accommodation and food service activities
B information technologies and communication
B Financial and insurance activities [} Real estate activities
Professional, scientific and technical activities
Administrative and support service activities
. Public administration and defence; compulsory social security . Education
[ Human health and social work activities Arts, entertainment and recreation
B other service activities

Figure 4.4: The most representative Industrial Sectors by Country

In addition, before the application of the Categorical Principal Components Analysis (CAT-
PCA), the information was classified into seven data subsets following the survey structure: (1)
Companies Criteria for choosing a SP; (2) Companies Business Objectives for choosing a SP;
(3) Education KPIs in UBC;(4) Research KPIs in UBC; (5) Valorisation KPIs in UBC; (6) In-
novation KPIs and, (7) University Support to companies co-located at SP. After that, the data
was pondered to the full sample of 430 firms and a total of 38 variables were analysed and
presented graphically in two dimensions. Due to the similarities in the responses of the two
samples, we decided to highlight in graphs, only the location variables (Spain and Mexico) and

analysed those with more weight for both countries, (see Appendix A).
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Spain

0% 10% 20% 30% A40% 50% 60% TO% B0% a0% 100%

[ consolidated company [ start-Up Spin-off

Figure 4.5: Type of Company by Country

4.4.1 Companies’ criteria to select a Science Park

Regarding the Criteria used by companies to select a Science Park (SP), our results indicate
that for both countries, the innovation ecosystem offered by the university is the most impor-
tant criteria; however, in this category, there is a significant difference in the importance that
Mexican companies give to university excellence (top ranking), this could be due, the Mexican
universities included in this study are private universities and are among the best of the coun-
try. Spanish companies are on the opposite view, since university excellence was criteria least

important, (See Figure 4.8,and Table 4.3).
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México

spaln _

0% 0% 20% 30% A40% 50% B0% T0% B0% 90% 100%

B Micro <10 Employees  [J] Small < 49 Employees
[7] Medium-sized < 249 Employees  [] Large-Company <499 Employees
. Large-Company >500 Employees

Figure 4.6: Companies’ Size by Country

Spain

e _

0% 10% 20% 30% 40% 50% 60% TO% B0 0% 100%

[ Local [ National [ International

Figure 4.7: Companies Market
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2

mension

Di

Companies Criteria for selecting a Science Park
Com Location ( Spain/
® Géxico)’ e
() Ecosystem of innovation
offered by the University
I (O Excellence (Top Ranking)
T _ Familiarity (previous joint
Ppl+ . projects, personal
/I relationships, etc),
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/ B
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Slightly Important (=i}
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-2

Dimension 1

Variable Principal Normalization. Share of Variance explained 73%

Rotation Method: Varimax with Kaiser Normalization.

Figure 4.8: Companies Criteria for selecting a Science Park
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4.4.2 Companies’ Business objectives to select a Science Park

In relation to the Companies Business objectives to select a SP, as expected, the main objectives
for both countries are hiring talent, as well as collaborate with the university in the short (i.e.
consultancy services, research contracts) and long-term (R&D: technology development) and
for the Mexican companies, the corporate venture (investment in start-ups) is also essential. On
the other hand, the acquisition of university licenses and patents is the least relevant business
objective for both Spanish and Mexican companies, being this indicator one of the most studied

in the literature and the most valued by the universities and SP,(See Figure 4.9 and Table 4.4).

Companies Business Objectives for selecting a Science Park

Acquisition of University
= Licenses and Patents

Advertising (Presence in
O Llrl'wersiw? Prestigious

Science Park)

Company Location ( Spain/
® Miéxico)
1.5 Consultancy services,

4 . research contract (short term)
1.0 VT Hire Talent
Mexico |y & Investment in Star-ups

e sl ~ (Corporate Venturing)

_ 1 gt R&D: Technol
0.0 Notl — ﬁ’. m Dwzlopmnt?l%yng term)

Nt | Spainl, _ Use of University=-Park
FliNet | D Infraestructure and Services
C (cost-benefit)

0.5

Dimension 2

=10 7 Notfe

Het) Not |
Labefs:
Mot Important (Not
Slightly Important (-
Important (i}
Very important (1+}

-5 -4 -3 -2 =1 0 1
Dimension 1

Variable Principal Mormalization. Share of Variance explained 65%
Rotation Method: Varimax with Kaiser Normalization.

Figure 4.9: Companies Business Objectives for selecting a Science Park
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4.4.3 Education KPIs in UBC

About Education KPIs in UBC, besides to hiring talent, two activities stand out for both coun-
tries: the number of new courses developed by university-company and the number of positions
filled by candidates coming from activities such as hackathons and internships. These findings
mirror the willingness of companies to collaborate with universities, which could be used to

reinforce this type of activities,(See Figure 4.10, and Table 4.5).

Education KPIs in University-Business Collaboration

® Company Location ( Spain/
México)
Number of Co-Supervised
(O Masters and PhD Theses
I+ (university-company)
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a1 , ] developed by university-
Spain &, "'ﬁ . company
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candidates coming from
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Not | Number of students, doctoral
- I _) students and academics hired
¥ by your company
Number of talented students
- ot detected by your company

Dimension 2

Labels:

Not important iNot [}
Slightly important (-0)
Important (l)

-3 2 1 0 1 Very important (i+)
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Variable Principal Normalization. Share of Variance explained 80%
Rotation Method: Varimax with Kaiser Normalization.

Figure 4.10: Education KPIs in University-Business Collaboration
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4.4 Comparative analysis of KPIs in UBC between Spain and Mexico

4.4.4 Research KPIs in UBC

Referring to Research KPIs in UBC, we found concordance with the companies responses

about their business objectives, since the companies of both countries

orating with the universities in the short and long term,(See Figure 4.1

Research KPls in University-Business Collaboration

2
T

imension
g
e

D

-20 -15 -10 -05 00 05 10
Dimension 1

Variable Principal Normalization. Share of Variance explained 79.53%
Rotation Method: Varimax with Kaiser Normalization.
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Figure 4.11: Research KPIs in University-Business Collaboration
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4.4 Comparative analysis of KPIs in UBC between Spain and Mexico

4.4.5 Valorisation KPIs in UBC

With respect to Valorisation KPIs in UBC, our analysis again reflects the slightly importance
that Mexican and Spanish companies give to indicators as patents (presented/granted), univer-
sity patents and licenses as well as papers published in co-authorship with the academy. In
addition, this category, point out the interest of Mexican companies to integrating start-ups into

their business units,(See Figure 4.12,and Table 4.7).

Valorisation KPlIs in University-Business Collaboration
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L5 company’s business units
@' _ Number of patent citations
[ 1+ (O and/or Articles in university-
| company co-authorship
1o | ~, Number of patents
' (Presented/ Granted)
| Number of patents and
Not 1 | university licenses being usec

05 I+ by your company

Dimension 2
°F
:
T

oo Not | hd
o F st .
Nt | 4 -l Labels
| Not Important iNot D
| I Slightly important {-i)
0.5 t Important (i)
b Very important {1+)

=10

=10 -0.5 0.0 0.5 10 15 20

Dimension 1
Variable Principal Normalization. Share of Variance explained 78.19%. Rotation Method: Varimax with Kaiser Normalization.

Figure 4.12: Valorization KPIs in University-Business Collaboration
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4.4 Comparative analysis of KPIs in UBC between Spain and Mexico

4.4.6 Innovation Kay Performance Indicators

Regarding Innovation Indicators, the results indicate that all innovation indicators are essential
for both countries, as graph shows (see figurel3); although, the most significant indicator is

cost-reduction due to innovations (products, processes, or services),(See Figure 4.13,and Table
4.8).

Innovation Key Performance Indicators
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Figure 4.13: Innovation Key Performance Indicators
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4.4.7 University Support to Companies co-located at Science Parks

Finally, concerning University counselling, our findings, show as primordial needs technology

assessment and funding. In the same line, Spanish companies are also asking for proper legal

environment respect to IP as well as advice on business and marketing plans. Respecting these

last-mentioned needs, Mexican companies showed that they frequently receive support in these
issues,(See Figure 4.14,and Table 4.9).
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Figure 4.14: University Support to Companies co-located at University Science Parks
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In general terms, the valuations of Mexican companies were slightly higher than those of

Spanish companies in all categories analysed.

4.4.8 Comparative analysis of Semi-structured Interviews between Spain and
Mexico

From the perspective of Science Parks, the qualitative study shows that the KPIs perceived by
the interviewees from both countries focused on economic terms, sustainability and occupation
of spaces.

Regarding KPIs in UBC from Spanish Science Parks stand out, the number of R&D con-
tracts, the rotation of start-ups, the number of spin-off created, and networking activities be-
tween co-located companies and university. The other metrics, out of UBC, are focused mainly
on visibility and monitoring the economic growth of co-located companies.

From the perspective Mexican Science Parks, the KPIs in UBC are focused on the students.
The Science Parks keep follow up about students entrepreneur activities; in fact, some of Mex-
ican SPs like Instituto Tecnoldgico y de Estudios Superiores de Monterrey, ITESM), use an
entrepreneurship card to monitoring UBC activities. In this line, Mexican SPs directors high-
light the activities as the number of conferences, seminars, meetings, workshops, networking
activities with students, academics and co-located companies, also mobility of students to com-
panies, the number of start-ups and spin-off created and the number of collaborative projects

with the university.

4.4.9 Science Parks Success Factors

Concerning SPs success factors, the Spanish Science Parks directors interviewed consider that
innovation policies, the location, the innovation ecosystem and the great support of govern-
mental entities and associations around Europe have been crucial factors to the development of
SPs in Spain. On the other point of view, Mexican Science Park directors also consider loca-
tion as an essential factor; however, they ex-pressed the need of governmental support in R&D
and innovation policies (i.e. investment in R&D is less than 1% of GDP) as well as innovation
culture, besides leadership with both perspectives academic and business, and a proper legal
environment regarding IP. According the interviews findings, these factors were considered es-
sential for the development of Mexican SPs. (Due the interviews were conducted in spanish

language,the main notes are presented in Appendix Bin the original version) .
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4.5 Conclusions

There is a diversity of indicators that measure the collaboration between university and com-
pany; however, the firms decision to do a partnership with the university will depend mainly on
two of them (i) short and long-term business objectives and (ii) The industrial sector to which
they belong. Therefore, without knowing the sector, it will be complicated to distinguish which
indicators are more relevant. It is important to note that in this study the most representative
industrial sectors were IT, scientific activities and other services. Therefore, it would be conve-
nient to classify the above indicators presented, according to the governmental policies of each
country and, the economic and social impact they present.

On the other hand, this study shows lack assistance in universities regarding business ad-
vice, technology assessment and funding. The results of this study fill an important gap in the
literature because they take into account both the co-located companies at SPs and the Science
Parks points of view, which are decisive, in order to know and aligned the objectives of the
primary stakeholders in the process of knowledge and technology transfer.

The limitations from this study are found on the University side, since the data could only
be taken into account partially; therefore, there is a need also to design a survey about university
KPIs in UBC and compare the results with the analysis of the co-located companies KPIs in
UBC showed in this study.

In summary, the findings showed similarities in the responses of co-located companies from
both countries, by which, this study should be extended to larger samples in order to confirm
the scalability of results. Therefore, in future research, it would be appropriate to integrate

these factors.
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Chapter 5

Conclusions

In this dissertation have been introduced a different perspective to measure the effectiveness of
knowledge and technology transfer between Universities and Co-located companies at Science
Parks, through University-Business Collaboration.

Firstly, it is widely known that universities were created to fulfil three primary missions:
first: teach, second: research and the third, with active participation, to contribute to eco-
nomic growth and social development through the transfer of this knowledge to society. This
transfer of knowledge between universities and industry occurs through a variety of activities
as: The hiring of university graduates, joint research, research contracts, consulting, patents,
publications and creation of start-ups and spin-off companies among others. In this manner,
companies can collaborate with universities in a wide range of possibilities. Therefore, the es-
tablishment of University-Business Collaboration (UBC) is central in the process of facilitating
this knowledge flow from academia to industry.

Second, due to the importance of University-Business Collaboration (UBC), many univer-
sities have tried to narrow the gap between science and industry and have designed specific
programs and structures to carry out this critical labour, an example of this type of support
mechanism are the Science and Technology Parks (STPs), which, act as knowledge brokers,
and bring together academics, businesses and venture capitalists. They seek to facilitate the
transfer of knowledge from academia to the industry while infusing an entrepreneurial culture
of innovation. Among the different types of Science and Technology Parks, this dissertation
only took into account University Science Parks since they are closely linked to the university,
and they are the bridge between a University and companies in the process of Knowledge and

Technology Transfer (KTT).
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Third, accelerate the technology transfer processes, is crucial to exploiting the most modern
technologies and the latest discoveries made by research groups and then applying them in the
production system to solve the real problems that companies face day after day. Knowing
who knows what, who needs to know what, and how to transfer that knowledge is critical
especially when so much of a companys worth consists of information. Investing in developing
an effective way to transfer knowledge may, in the least, save you some headaches and, at the
most, save your business.

Taking into account what was previously mentioned about the economic and social impact
of University-Business Collaboration (UBC) and the critical role that play Science Parks in
knowledge and technology transfer (KTT) process as well as their implications in the increase
of global competition, employment and productivity

The present dissertation focused on companies co-located at Science Parks in Spain and

Mexico to identify:
1. the criteria to select an SP,
2. the business objectives to select an SP and,

3. toidentify the evaluation metrics, Key Performance and Innovation Indicators (KPIs),

used by companies co-located at SPs to evaluate the company performance on campus.

For these last objectives, twenty-one KPIs in UBC were used, which are based on the
principal UBC activities found in the literature. These activities of UBC used in this study are
embedded within the three missions of the universities, and their importance is derived from
this.

It is well-known that knowledge transfer between academia and industry is considered an
essential driver of innovation and economic growth as it eases the commercialisation of new
scientific knowledge within firms Bercovitz and Feldmann (2006). This is why the primary
purpose of this research was to cover the main activities of knowledge and technology transfer
between the university and industry with their respective KPIs.

Since performance metrics are used for firms to measure and monitor the achievement of
objectives at different levels, a survey was designed with the objective to examine the level of
importance of each KPI in UBC for companies co-located at SPs and, identify what matters to
them, in terms of business objectives (i.e. long-term R&D, consulting, hire talent) and needs

(i.e. human capital, technological, research, funding).
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Moreover, this research took to account Science Parks, exploring their KPIs and critical
success factors through semi-structured interviews with Science Parks directors. All this to
identify those SPs indicators that measure UBC and in this manner, explore those that are
aligned with co-located companies KPIs.

Finally, the main findings of this dissertation for both countries show that the firms decision
to do a partnership with the university will depend mainly on two of them short and long-
term business objectives and the industrial sector to which they belong. Therefore, without
knowing the sector, it will be complicated to distinguish which indicators are more relevant.
It is important to note that in this study, the most representative industrial sectors were IT,
scientific activities and other services. Therefore, it would be convenient to classify the above
indicators presented, according to the governmental policies of each country and, the economic
and social impact they present. Moreover, the innovation ecosystem offered by the university
is other essential criteria to co-located a company at Science Park as well as hire talent and
corporate venturing.

On the other hand, the acquisition of university licenses and patents is the least relevant
business objective for both Spanish and Mexican companies, being this indicator one of the
most studied in the literature and the most valued by the universities and SP. Besides, this
research also shows lack of assistance in universities regarding business advice, technology
assessment and funding. Additionally, this research shows the willingness of co-located com-
panies to develop courses with academia.

The results of this study fill an important gap in the literature because they take into account
both the co-located companies at SPs and the Science Parks points of view, which are decisive,
to know and align the objectives of the primary stakeholders in the process of knowledge and
technology transfer.

The limitations from this study are found on the University side since the data could only
be taken into account partially; therefore, there is a need also to design a survey about uni-
versity KPIs in UBC and compare the results with the analysis of the co-located companies
KPIs in UBC showed in this study. In summary, the findings showed similarities in the re-
sponses of co-located companies from both countries, by which this study should be extended
to larger samples to confirm the scalability of results. Therefore, in future research, it would be
appropriate to integrate these factors.

In summary, this research adds to the literature on UBC by utilizing KPIs in UBC, such it is

a scalable and straightforward diagnostic tool and useful for universities and SPs. The findings
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from this thesis show evidence that firms bet for establish themselves in SP to accelerate their

innovation processes and to quickly launch their products onto the market.

5.1 Future work

While this doctoral thesis has been influenced by the empirical phenomenon of technology
transfer and open innovation and the role of Universities in this process, I believe that my
findings, combined with current developments in the field, open up several exciting avenues
for future research.

A line that, in my opinion, needs future work is that related with Institutional differences'.
In our case Institutions may vary in very different ways. For example, we have pure Technical
Universities as Universitat Politecnica de Catalunya to more comprehensive institutions. This
can open a complete line of research.

Also cultural differences may be applied to knowledge transfer topics using the Hofstede
model of six dimensions : (1) Power distance, (2) Uncertainty Avoidance, (3) Individualis-
m/collectivism, (4) Masculinity/Femininity, (5) Long/Short Term Orientation, and (6) Indul-
gence/Restraint 2. This model has been used in several marketing and organizational studies
to understanding of other cultures, identifying each group’s cultural patterns, and behavioral
discrepancies. Therefore,it can be applied also to R&D multicultural collaborations between
Latin American Countries.

Consequently, research exploring ~ow the dynamics in the different actors changes and
how innovation and the business models of these actors develop -depending on the cultural
differences- offer very interesting directions for future research.

I am planning to address some of these issues as a continuation of my research when trying

to compare innovation environments from various countries in Latin America.

I Differences in organisational goals and culture are a frequently mentioned, but not well defined barrier to
academic engagement Bercovitz and Feldmann (2006).
2 Dimensionalizing Cultures: The Hofstede Model in ContextHofstede (2011).
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Appendix A

Categorical Principal Component
Analysis

Table A.1: Criteria to select a Science Park
Model Summary Rotation

Dimension (a) Cronbach Alfa (b) Total eigenvalue Variance %
1 -0.662 2.646 44.105
2 -1.176 1.751 29.178
Total .927b 4.397 73.284

a Rotation method: Varimax with Kaiser normalization

b The total of Cronbach’s alpha is used in the total eigenvalue.

Table A.2: Business Objectives to select a Science Park

Model Summary Rotation (a)

Dimension Cronbach Alfa  Total eigenvalue (b) Variance %
1 -0.044 2.375 33.93
2 -0.636 2.228 31.829
Total 913b 4.603 65.758

a Rotation method: Varimax with Kaiser normalization

b The total of Cronbach’s alpha is used in the total eigenvalue.
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Table A.3: Education KPIs in UBC

Model Summary Rotation (a)

Dimension Cronbach Alfa Total eigenvalue (b) Variance %
1 -0.32 2.605 43.419
2 -0.64 2.206 36.775
Total 951b 4.812 80.194

a Rotation method: Varimax with Kaiser normalization

b The total of Cronbach’s alpha is used in the total eigenvalue.

Table A.4: Research KPIs in UBC

Model Summary Rotation (a)

Dimension Cronbach Alfa  Total eigenvalue (b) Variance %
1 -0.126 2.876 47.931
2 -0.562 1.896 31.6
Total .949b 4.772 79.532

a Rotation method: Varimax with Kaiser normalization

b The total of Cronbach’s alpha is used in the total eigenvalue.

Table A.5: Valorization KPIs in UBC

Model Summary Rotation (a)

Dimension Cronbach Alfa  Total eigenvalue (b) Variance %
1 -1.606 2.027 50.669
2 -3.949 1.101 27.526
Total .907b 3.128 78.195

a Rotation method: Varimax with Kaiser normalization
b The total of Cronbach’s alpha is used in the total eigenvalue.

Table A.6: Innovation Key Performance Indicators

Model Summary Rotation (a)

Dimension Cronbach Alfa Total eigenvalue (b) Variance %
1 -0.276 2.504 50.081
2 -0.382 1.804 36.071
Total .960b 4.308 86.151

a Rotation method: Varimax with Kaiser normalization

b The total of Cronbach’s alpha is used in the total eigenvalue.

Table A.7: University Support to Companies co-located at Science Parks

Model Summary Rotation (a)

Dimension Cronbach Alfa  Total eigenvalue (b) Variance %
1 0918 3.209 80.235
2 -2.194 0.378 9.453
Total .962a 3.587 89.687

a Rotation method: Varimax with Kaiser normalization

b The total of Cronbach’s alpha is used in the total eigenvalue.
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Figure A.1: Criteria to Select a Science Park
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Figure A.2: Criteria to Select a Science Park

73



A. CATEGORICAL PRINCIPAL COMPONENT ANALYSIS

Varianza contabilizada para dimensién 1

Company Location ( Spain/
México)

Consultancy services,
research contract (short
term)

R&D: ._.mn__.:o_o_n<
Development (long term)

Use of University-Park
Infraestructure and
Services (cost-benefit)

Advertising (Presence in
University/ Prestigious
Science Park)

Hire Talent

Investment in Start-ups
(Corporate Venturing)

Acquisition of University
Licenses and Patents

10

09

08

Figure A.3: Business Objectives to Select a Science Park

Varianza contabilizada para dimensién 2

Company Location ( Spain/
México)

Consultancy services,
research contract (short
term)

R&D: Technology
Development (long term)

Use of University-Park
Infraestructure and
Services (cost-benefit)

>n<m:_m_:%3mnznn§
c:_<mqm#<w3mm:u_o:m
Science Park)

Hire Talent

Investment in Start-ups
(Corporate Venturing)

Acquisition of University
Licenses and Patents

1.0

09

08

07

06

05

0.4

03

0.2

01

00
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Figure A.13: University Support to Companies co-located at Science Parks
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Appendix B

Semi-structured interviews

Interview Guide

General

1. -When did you start your activities as Director of the Science Park of the University
of...?

2. -At the beginning of your duties as Director, at what stage of development did you
find the Science Park of the University of...? (1)Planning and development (first generation)
(2)Growth (second generation) (3)Maturation (third generation) The third stage is when the
board and stakeholders recognise that the Science Park plays an important role in the economic
development of the region.

Target Audience

1. -According to the current stage of development of the Science Park, what are the medium
and long-term business objectives? (Expected outcomes).

2. -What is your target audience and why? (Start-ups, SMEs, large companies.)

3. -What are the criteria and/or processes of company selection?

Value Proposal

1. - What is the Science Parks value proposal?

2. -Regarding the co-located companies, what is the average life cycle of companies in the
Science Park?

3. -How do you identify the needs of the companies?

University Collaboration

1. -What kind of activities does the Science Park carry out in order to create synergies

between the co-located companies and the university?
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B. SEMI-STRUCTURED INTERVIEWS

2. -Could you mention any type of collaboration agreements with the University?

Key Performance Indicators

1. -What are the main Key performance indicators used by the Science Park to achieve its
business objectives?

2. -How would you define a successful Science Park?

3. -What are the key factors of success for the Science Park?

4. -What are the main challenges facing the director of the Science Park?

5. -What are the main barriers for a director of a Science Park?

Other : We ask science parks directors for additional information and comments for this

research.
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