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Abstract This paper aims to contribute to a better understanding of the literature on sci-
ence and technology parks. The use of bibliometric analysis techniques is growing rapidly
in management and organization research as a way of supplementing the subjective evalu-
ation of literature reviews. Even though studies in some research fields such as innovation,
entrepreneurship, and strategy have applied bibliometric methods considerably, other stud-
ies on subjects such as science and technology parks are in the process of using them. This
paper has two main objectives. The first is to present a descriptive bibliometric analysis
(number of authors per work and year, number of papers per author, top authors, author
affiliations and top journals). The second objective is to analyze the conceptual structure
of the field and the evolution of concepts and topics through a co-word analysis. Our work
identifies the main topics explored by science and technology park literature and describes
their relationships and evolution over time. Moreover, our results complement findings
obtained through previous studies that have used other bibliometric methodologies such us
methods of co-citation and bibliographical coupling.
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1 Introduction

In recent years, themes of innovation and of the localization of firms in science and tech-
nology parks have become more relevant. This has generated growing interest from the
scientific community that has materialized through the publication of works on science and
technology parks in academic journals (Diez-Vial and Montoro-Sanchez 2017; Fukugawa
2006). For instance, Fukugawa (2006) investigate the value-added contributions of science
parks to new technology-based firms (NTBFs), and a qualitative review of empirical stud-
ies on the value-added contributions of science parks is made. And, Hobbs et al. (2017a)
present an annotated and analytical literature review of science and technology parks over
the past 30 years (1986-2016) and identify five papers that classify as “literature review”
(Albahari et al. 2010, Link and Scott 2007, 2015; Phan et al. 2005; Quintas et al. 1992;
Siegel et al. 2003), and just Diez-Vial and Montoro-Sanchez (2017) use bibliometric analy-
sis methods.

Literature reviews must be conducted to determine the current state of a given subject.
Such reviews can be carried out using different complementary methods (e.g., qualitative
approaches such as structured literature reviews or quantitative approaches such as meta-
analyses and science maps that use bibliometric methods) (Zupic and Cater 2015). For
example, Lee and Kang (2017) adopt the topic model approach, a quantitative one, to dis-
cover topics in technology and innovation management. The use of this quantitative meth-
odologies, specially bibliometrics, to describe, evaluate and monitor published research
renders the process more systematic, transparent and reproducible (Zupic and Cater 2015).

Bibliometric analysis methods are expanding rapidly in management and organization
research as a way of supplementing the subjective evaluation of literature reviews. In
this context, Zupic and Cater (2015) synthesized guidelines from 81 bibliometric stud-
ies on management and organization. They found that the median year of publication of
bibliometric studies in this field is 2011, meaning that over half of these articles were
published in recent years (2011-2013). Even though studies in some research fields such
as innovation, entrepreneurship, and strategy have applied bibliometric methods consid-
erably, other studies on subjects such as science and technology parks are in the process
of using them.

The first paper to present a bibliometric study of research on science parks is that of
Diez-Vial and Montoro-Sanchez (2017), who use bibliometric techniques of co-citation
analysis and bibliographic coupling to identify the foundations of science park and incuba-
tor research from a longitudinal perspective (i.e., based on intellectual structures) to iden-
tify areas for future research and the intellectual structure of recent/emerging literature and
of its development through time.

However, there are other ways to analyze a research field. While co-citation is used to
describe the intellectual structure of a scientific research field, co-word analysis is focused
on conceptual structures. That is, co-word analysis allows us to discover the main concepts
explored by a field and to uncover and describe interactions between different fields of sci-
entific research (Cobo et al. 2011).

The co-word analysis technique was first developed during the 1980s (He 1999), and
an early study in this field maps the dynamics of aquaculture from 1979 to 1981 (Bauin
1986). However, Zupic and Cater (2015) found that in the management and organization
fields, the first bibliometric studies were conducted from the 1990s and only 13.6% of
the 81 bibliometric studies published in this area use co-word analysis techniques (e.g.,
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Benavides-Velasco et al. 2011; Leone et al. 2012; Wallin 2012), but none of them analyze
the research on science and technology parks.

This paper has two main objectives. The first is to develop a descriptive bibliometric
analysis. In this sense, we list the number of authors per work and year, the number of
papers per author, top authors (considering the Lotka Law), and affiliations for institu-
tions and countries. We also analyze top journals that publish papers in this field.

The second objective is to analyze the conceptual structure of the field and the evolu-
tion of related concepts and topics. We apply one bibliometric technique, the co-word
analysis method, following Cobo et al. (2011), in a longitudinal framework to identify
different themes treated by the field across the studied period to create a science map.

After accomplishing these two objectives, we will be better able to (a) orient the new
research about science and technology parks considering the innovative and emerging
themes; and (b) propose new research questions. Moreover, we identify the main journals
and authors in this research line whose papers are the intellectual basis of recent literature.

2 Data: research protocol and descriptive analysis

In this section, first we explain the search protocol and then we carry out a descrip-
tive analysis of the main results according to the authors and journals information. This
process involves the use of the WoS database, which is the most prestigious and widely
used database within the sciences and social sciences fields. Table 1 shows the search
protocol consisting of a series of processes defined according to different combinations
of keywords based on the selection criteria.

Zupic and Cater (2015) found that the 69.1% of the bibliometric studies published in
management and organization use the Social Science Citation Index (SSCI) of (WoS).
It is necessary to emphasize that the first search was conducted only based on that
database. However, a first review of the results highlighted the absence of some works
that are relevant according to the researchers. For this reason, we proceeded to check
whether these works appeared in WoS and found that they just appeared in the Science
Citation Index (SCI) database of WoS. This led us to expand the search, including both
databases. The results of the searches performed according to these selection criteria are
shown in Table 2. Table 2 presents the results obtained for each of the keywords defined
in the search protocol, both individually and combined; the data that combine all terms
provide the total population of articles (706) without any duplicates.

Table 1 Search protocol

Temporal Type of  Database Search criteria ~ Keywords
scope document
WoS Until Article Social Science Title, “science park®” OR “techno* park*”
October Citation Keywords OR “research park®” OR technopark
2017 Index and Abstract
Science
Citation
Index
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Table 2 Search results

Keywords ‘WoS (SSCI) ‘WoS

(SSCI + SCI)
“science park*” 335 436
“techno* park*” 98 145
“research* park™*” 60 153
technopark 14 26
Combined search 460 706

After a combined search of both databases, a filtering process was performed for each
researcher through the analysis of the titles, abstracts, and keywords of each work. As a
result of this process, we eliminated works that are not focused on the study of science and
technology parks. The most common reason, indeed for the majority, for removing a work
from the sample was checking that the reference to a scientific and/or technological park
was exclusively related to a company’s or experiment’s localization in a park, without any
other consideration of the topic at hand. The result of the filtering process showed a total
of 447 works. After filtering the works, a descriptive analysis of the following aspects was
conducted: authors and journals. Figure 1 shows the evolution of the selected articles.

A total of 1.34% of the works were published in the 1966-1984 period, 6.94% in the
following 10 years (1985-1994), and 16.33% during the 1995-2004 period. The greatest
development of this line of research has occurred since 2005, accumulating a total of
337 works, or 75.39% of the work that has been published.

2.1 Authors

The data show that, in this line of research, the number of authors ranges from one to
three in 89.5% of all cases. However, it is significant that 67.8% of the works have two or
more authors, with the maximum being six (Table 3). These results highlight two remark-
able facts. First, in academia, researchers are subject to evaluation processes in which, in
some cases, the signing of more than average number of authors for the discipline leads to
a reduction in the value given to each work. The results show that the works have four or
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Table 3 Authors per article

Authors per  Frequency Percentage (%) Cumulated
article percentage
(%)
1 144 322 322
2 135 30.2 62.4
3 121 27.1 89.5
4 36 8.1 97.5
5 2.0 99.6
6 2 0.4 100.0

more authors in only 10.5% of all cases. In this regard, it is increasingly common for jour-
nals to include a clause in the instructions for the authors to explain the need for a greater
number of signatories. Second, the joint authorship of a work can increase its quality by
providing a more multidisciplinary and complementary approach due to the synergies gen-
erated between the authors.

A more detailed analysis of the number of authors per work and year shows that the first
works that were published were by single researchers who began the study of this topic
(1966-1990). After 1991, there was a greater development of this line of research, which
led to the formation of research teams and, therefore, joint publication. After 2003, there
was the greatest growth in works with three or more authors (Fig. 2). This fact suggests
greater collaboration between researchers, which is characteristic of a more mature field of
study.

Another interesting fact is the number of works published on this topic by each
author. In this work, to count the authors, each co-author was considered a unit, regard-
less of the number of authors who signed a work. Of the 447 reviewed works, there are
a total of 648 authors who have published a single work, 73 who have published two,
and 18 who have published three. There are very few who have published four or more
works on this topic (Table 4). One possible interpretation of these results can be that
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Table 4 Number of papers per

author Articles per author Frequency
1 658
2 73
3 18
4 8
5 7
6 2
7 or more 5

this line of research remains in the process of development compared to other more tra-
ditional themes such as the study of cooperation or innovation.

Table 5 shows the authors who have published the most works on science and tech-
nology parks. Authors such as Wright, Lindelof, and Lofsten, who have more than 10
published works, stand out. Other authors such as Liu and Link have published between
eight and seven works, respectively. Diez-Vial and Schwartz have published six articles
and there are seven authors with five papers.

The so-called Lotka’s Law (Lotka 1926; Price 1973), one of the laws of bibliometry,
implies that the distribution of authors according to their productivity remains a pattern:
specifically, the number of authors who have published “n” works on a topic is inversely
proportional to the square of “n”. In simple terms, this law implies that the most works
in an area are typically accumulated by a relatively small number of authors. Figure 3
represents the Lotka distribution for the articles linked to the field analyzed. As shown,
the evolution moderately fits the prediction proposed by this bibliometric law. This fact
can highlight an initial evolution of this research topic.

To calculate the statistics on affiliation, both for institutions and countries, each arti-
cle is considered a unit that is divided proportionally between the institutions or coun-
tries that the participating authors represent. As shown in Table 6, the universities that
have the greatest number of articles published are Chalmers University of Technology

Table S Top authors Author® Articles

Wright M. 14
Lofsten H. 11
Lindelof P. 11
Liu X.H.
Link A.N.
Diez-Vial 1.
Schwartz M.
Cabral R.

Filatotchev I
*The reference list does not Montoro-Sanchez A.
include all the papers published .
by authors of Tr;blie 5 gue to Siegel D.S.
space limitations. Full bib- Westhead P.
liographic references to these Scott J.T.
papers are available from the Lin G.T.R.
authors

[e]

(Y, IRV IRV Y Y Y Y e e e
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Table 6 Statistics on affiliation

for institutions

*
*
4 6 8 10\1;\;4 16
Works, n
Institutions Frequency
(articles)

Chalmers Univ Technol 8.75
Univ Complutense Madrid 8.33
Natl Chiao Tung Univ 7.17
Univ Nottingham 5.78
Univ N Carolina 5.00
Natl Cheng Kung Univ 4.78
Univ Sao Paulo 425
UCL 4.00
Halle Inst Econ Res 3.83
Carlos III Univ Madrid 3.83
Chang Jung Christian Univ 3.50
‘Wolverhampton Univ 3.50

(Sweden) and Universidad Complutense of Madrid (Spain), which have published more
than eight works. National Chiao Tung University (Taiwan) has published over seven
works and the University of Nottingham and the University of North Carolina (USA)
more than five articles. The remaining universities have published between three and

four works.

Another interesting analysis is the affiliations by country. In this case, Taiwan is the
country that has published the most articles on the subject (58.18). The US and England
also have a significant presence, with 43.08 and 41.18, respectively. Spain, the People’s
Republic of China and Sweden have published between 23 and 36 works. Germany,

Italy, Japan and Netherlands exceed 11 articles (Table 7).
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Table 7 Statistics on affiliation

for countries Countries Frequency
(articles)
Taiwan 58.18
USA 43.08
England 41.18
Spain 35.67
Peoples R China 26.07
Sweden 23.33
Italy 20.81
Germany 16.43
Japan 12.17
Netherlands 11.50
Table 8 Top journals Journals Articles
Technovation 48
The Journal of Technology Transfer 28
International Journal of Technology Management 24
Research Policy 18
R&D Management 11
Technology Analysis and Strategic Management 10
European Planning Studies 10

Small Business Economics
Technological Forecasting and Social Change 9

2.2 Journals

Table 8 reflects the journals that have published the most work on the subject analyzed.
In this regard, it is noted that most journals address issues of technology and innova-
tion in companies. The role of journals such as Technovation, The Journal of Technol-
ogy Transfer, International Journal of Technology Management and Research Policy is
highlighted.

3 Co-word analysis

The co-word analysis method is used to identify relationships between subjects in a
research field and thus to trace the development of science (He 1999), and it is also
applied using a longitudinal approach to observe the evolution of a research field over
consecutive periods of time (Garfield 1994). A general co-word analysis is focused
on detecting hierarchies among areas of a research problem and minor but potentially
growing areas (He 1999).

Callon et al. (1983) were the first to propose the co-word analysis method as a suit-
able means of identifying and representing associations between concepts from tex-
tual information. This content analysis technique involves the use of models of the
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co-occurrence of pairs of items in a set of articles or texts to identify relationships
between ideas within the areas of knowledge (He 1999). In this regard, it is understood
that items are representative of texts, in turn collecting the essential ideas that they con-
tain. Thus, the emergence of associations involves the presence of relations between
topics that items represent (He 1999).

The approach has been used to identify themes of a given research area, relationships
between these themes, the extent to which these themes are central to a broader area,
and degrees to which these themes are internally structured (He 1999). It is the only
method to use the actual content of documents to construct a similarity measure while
others relate documents indirectly based on citations or co-authorships (Zupic and Cater
2015).

Zupic and Cater (2015) explain that the output of a co-word analysis is a network of
themes and of their relations (a semantic map) that represents the conceptual space of a
field- cognitive structure. In addition, maps produced for different time periods can trace
changes in this conceptual space (Coulter et al. 1998).

To identify and illustrate major conceptual subdomains developed in the analyzed field
and to identify major themes addressed, in this work, a co-word analysis is presented from
the approximation proposed by Cobo et al. (2011), who describe a form of analysis car-
ried out over four stages. In the first phase, the phase of theme identification, main themes
of the research in the field analyzed (science and technology parks) are identified. The
second phase of theme and thematic network visualization involves the graphical repre-
sentation of themes and thematic networks obtained during the previous stage. The third
phase of theme evolution involves analyzing how themes have evolved. Finally, the fourth
stage of performance analysis involves the calculation of different quantitative (related to
the number of documents, authors, journals and countries), qualitative or impact measures
(received citations and bibliometric indices).

3.1 First phase

Following Cobo et al. (2011), the process of theme detection is divided into five steps: (1)
collection of raw data (SCI and SSCI of WoS), (2) selection of the type of item to analyze
(keywords), (3) extraction of relevant information from the raw data (co-occurrence fre-
quencies of keywords), (4) calculation of similarities between items based on the extracted
information and (5) use of a clustering algorithm to detect themes.

To study themes discussed in this line of research, an analysis of keywords related to
each article was performed. Following from previous works, keywords were considered
representative terms for the themes studied (Choi et al. 2011; Cobo et al. 2011). In addi-
tion, the keywords analyzed were those defined by authors and WoS database for each doc-
ument. Before constructing the co-word analysis, keywords in the previous section were
standardized following Choi et al. (2011). The following rules were used in refining the
keywords:

Standardization into a unique form: e.g., park, parks.
The avoidance of abbreviations: when both the original word and the abbreviated
form(s) were in the keyword list, they were consolidated into the original word: e.g.,
research and development, R&D.

e The addition of hyphens: hyphens were added between the terms: e.g., research-and-
development.
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e The unification of synonyms: when two or more synonyms existed in the list, they were
changed into the most general keyword: e.g., interfirm-cooperation, interfirm-relation-
ship.

e The elimination of terms without a clear meaning or too general: e.g., model, frame-
work.

Thus, these rules were applied to 1714 different keywords. After this refinement, the
resulting keyword database consisted of 321 keywords. Table 9 reflects the most frequent
keywords (WoS).

To analyze the structure of the keyword network constructed from this database, we
used the SCciMAT software program (1.1.04 version), a tool that has been used to conduct,
among other analyses, a co-word analysis in a rigorous but user-friendly manner (Cobo
et al. 2012). In addition, we used Bibexcel (Persson et al. 2009) and Microsoft Excel to
perform a descriptive bibliometric analysis of our database and we used Pajek (De Nooy
et al. 2011) to carry out a special analysis that could not be performed using SciMAT soft-
ware. Attending to the statistics published by Zupic and Cater (2015), we used a rare mix
of software programs cited in the organization and management literature.

Major themes of research were identified by computing co-occurrences of keywords
considered to be representative from each document based on the periods studied (Callon
etal. 1991).

To perform the co-word analysis, in light of the results shown in Fig. 1, we decided to
consider three different periods: first, one that contains the articles published until 2007;
second, one that includes the works published between 2008 and 2012; and third, one that
contains articles from 2013 until 2017. Nevertheless, our analysis was focused on the two
latter periods.

After calculating the co-occurrence matrix, the association index is calculated. In the
literature, there are various approaches to performing this calculation, with one of the most
common being called the equivalence index (Callon et al. 1991; Coulter et al. 1998) and
calculated as e; = cizj/(ci - ¢;), where ¢;; is the number of documents in which terms i and j
appear simultaneously and ¢; and ¢; indicate the number of documents in which term i and
term j appear, respectively. From these indexes, a clustering algorithm is applied to identify
subgroups of keywords that are strongly associated and are topics on which researchers
focus. Among these techniques, the simple centers algorithm stands out (Cobo et al. 2011;

Table 9 Top keywords

Keywords Frequency
Park 264
Innovation 183
Performance 113
Technology-Based-Firm 92
Incubator 83
Industry 77
Entrepreneurship 75
Network 73
Growth 64
Research-and-Development 62
Technology-Transfer 61
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1420 E.-M. Mora-Valentin et al.

Coulter et al. 1998); its application yields a set of networks that revolve around a key term,
which would be the relevant subject of research.

3.2 Second phase

Co-words are used in mapping science to obtain clusters of keywords viewed as themes
(Cobo et al. 2011). The second phase involves identifying themes and networks. Based on
centrality and density measures, some authors have used strategic diagrams (e.g., Callon
et al. 1991; He 1999). According to Callon et al. (1991), a strategic diagram identifies four
types of themes. In the upper right quadrant are motor themes, which are characterized
by a high degree of internal development and by strong ties with other concepts within a
given field of research. In the upper left quadrant are highly developed and isolated themes,
which show a high degree of internal development but which are of marginal importance to
the rest of the scientific area. In the lower left quadrant are emerging or declining themes,
which are either not yet sufficiently relevant to the field studied and will perhaps not be or
which have begun to lose importance while their degree of internal development is high for
the period studied. Finally, in the lower right quadrant are basic and transversal themes,
which are those themes that show strong ties with other issues outside of the network and
which are thus relevant to the area of knowledge considered but whose internal develop-
ment levels are lower.

Cobo et al. (2011) propose enriching this diagram based on the size of a circle that rep-
resents the topic to incorporate quantitative or qualitative measures in a graph. Examples
of these metrics include the number of documents in a network, the number of authors who
investigated a given topic, and the number of references to documents in a network.

For each theme, a thematic network can be represented from keywords that are related
by tagging from the most significant keyword, which is typically that word with the highest
level of centrality within a network. The size of each node or each keyword represents a
quantitative or qualitative measure such as the number of documents that include the word
or the h-index among other measures, whereas the thickness of arcs often represents the
association between keywords (in our case the equivalence index).

Figures 4 and 5 present strategic diagrams for the selected periods. In both cases, the
size of the circles represents the number of main documents.

Based on the strategic diagrams presented, motor themes are discussed first. In Fig. 4,
“innovation” and “absorptive capacity” are motor themes in the 2008-2012 period. “Inno-
vation” was the topic that accumulated the largest number of documents (107). For the
2013-2017 period (Fig. 5), the terms “park” and “interorganizational relationship” are
motor themes with a higher number of documents (108 and 30, respectively). In the basic
and transversal themes quadrant, the 2008-2012 period includes the term “knowledge”
with a relatively high number of documents (32). In the 2013-2017 period, this term disap-
pears, and no term is found in this quadrant. In the emerging or declining themes quadrant,
only for the 2013-2017 period, we find the term “spin-off” with 17. For the highly devel-
oped and isolated themes, we find the term “size” in the 2008-2012 period, whose perfor-
mance measures are the lowest in terms of the number of documents (4). In the 2013-2017
period, the term “job” appears in 7 documents.

Finally, we have found several border themes. For the 2008-2012 period, among emerg-
ing themes and basic and transversal themes, “innovation policy” appears as a theme in
16 documents. Additionally, between emerging themes and highly developed themes is
“China”, with values showing limited development and a low number of documents (6). In
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Fig. 4 Strategic diagram for 2008-2012

the 2013-2017 period, between motor themes and basic and transversal themes, the term
“spillover” appears in 28 documents. In addition, between basic and transversal themes and
emerging themes is “technology” with 23 documents.

3.3 Third phase

The purpose of this stage is to observe the evolution of thematic groups of the field of
research analyzed. To analyze the full set of themes, the so-called stability index is used
to measure overlap between two periods, i.e., the continuity or discontinuity between
terms. Figure 6 illustrates the stability of the area of research and shows that the field is
still nascent with a low rate of similarity and with a relatively high increase in different
keywords. For the first period considered, there are 313 different keywords (with a rel-
evant frequency) for the purpose of this analysis, of which 123 remain in the following
period and 190 leave this category. In contrast, along with the 123 that remain, 289 new
words are incorporated. This increase is explained in part by the growth in the number
of articles published, as is shown in Fig. 1, and partly by the change in themes, which is
characteristic of a new area of knowledge.

The evolution of themes is also analyzed. Cobo et al. (2011) propose using the Ster-
nitzke and Bergmann (2009) inclusion index as a measure to determine the level of
similarity between two thematic networks with elements in common over consecutive
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Fig. 5 Strategic diagram for 2013-2017

periods of time. From this index, a chart is produced; in this chart, each theme is rep-
resented by a circle and by lines between thematic networks, the thickness of which
represents the inclusion index. In addition, the solid (continuous) line appears when the
central node of one or both of the networks is included in the other network (as a central
or non-central node). The dotted line appears in other cases when the networks share
elements that are not central nodes (Fig. 7). The size of a circle represents the number
of documents that compose each network. To avoid too much complexity, this graphic
simply contains the themes that are in the right part of the strategic matrix in the last
period and the themes in 2008-2012 with an inclusion index for these motor themes
higher than 2.5.

“Innovation” and “park” are the main terms used in this area of research, show-
ing remarkable growth in the number of documents. In noting the evolution between
the three periods considered, the “park” theme evolves to the “innovation” theme in
2008-2012 and returns to “park” in 2013-2017. The other motor theme network in
2008-2012 period, “absorptive-capacity”’, maintains an important qualitative and quan-
titative relationship with “interorganizational-relationship”. It is also interesting to high-
light the evolution of “knowledge” towards “technology” based themes in the last period
and the important contribution of the “China” network in the 2008-2012 period to the
“spillover” theme.
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Fig. 7 Thematic evolution of the research field

Figure 8 represents the composition of the thematic network of “innovation”, with the
size of the nodes representing the number of documents that reference this thematic net-
work and the thickness of lines between nodes representing the intensity of the link. For
the 2008-2012 period, there are two topics with greater weight in terms of the number

LLINT3

of works: “innovation” and “park”. However, other topics such as “performance”, “indus-
try”, “research-and-development”, “interorganizational-relationship” or “incubator” play a
very important role in this subnetwork and in the complete network of themes. Relations
between the different themes are very heterogeneous in terms of intensity levels: “inno-
vation” and “park” form the pair with the most intense relationship in this thematic net-
work. In fact, “park” has five strong relationships with the themes “incubator”, “industry”,
“performance” and “research-and-development”. “Network” also shows intense links with
“park”, “innovation” and “interorganizational-relationship”. On the other hand, the central
element of the network, “innovation”, is also noteworthy, maintaining a relationship with
not only all of the members that form the network but also strongly with terms such as
“growth”, “industry”, “cluster” and “technology-transfer”. In contrast, “cluster” and “man-
agement” are the subjects with the fewest links within this network.

Regarding the evolution of the “innovation”—*“park” thematic network, there is stability
with a medium level of homogeneity in terms of keywords that are part of the network. In

CLRNNT3

particular, elements such as “incubator”, “network”, “performance” or “growth” continue

as a part of Fig. 8, and themes such as “innovation-policy”, “entrepreneurship”, “univer-
sity”, “China” or “technology-based-firm” are incorporated in Fig. 9. In fact, some of these
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topics had important links in the previous period, as we have noted, although they were not
part of this thematic network.

For the 2013-2017 period (Fig. 9), there are very intense relationships between the
equivalence index of “park” and topics such as “incubator”, “innovation”, “performance”,
and “technology-based-firm”. Within this network, there is also a strong relationship
between “incubator” and “technology-based-firm”, in the same way as in the previous
period, although in this case in the same subnetwork. Elements as “entrepreneurship” and
“start-ups” also play a very important role due to the strong links that they have inside
and outside subnetworks, with themes such as “venture-capital”, “spin-off” or “technology-
transfer” (all of which are in the “spin-off” subnetwork), as we will show when we analyze
these external connections among topics (Fig. 13). In fact, it is possible to detect three
groups of themes that maintain closer relations inside the “park” subnetwork. Specifically,
there is a group of themes related to entrepreneurship (formed by themes such as “incu-
bator”, “start-ups”, “entrepreneurship” and “technology-based-firm”), another group than
contains themes that are close to cooperation (themes such as “university”, “innovation-
policy” and “network™) and another group with themes related to “growth” and “China”.
In the center of this subnetwork, a triad links all of these themes: “park”, “innovation” and
“performance”.

Figure 10 describes the three networks involved in the evolution of the theme “inter-
organizational-relationship” for the 2013-2017 period. This network derives from three
networks in the 2008-2012 period: “innovation”, “absorptive-capacity” and “knowl-
edge”, although the strongest relationship is with “absorptive-capacity”. Focusing on
the 2008-2012 period, the network “absorptive-capacity” shows several terms related
to the strategic management research field: “resource-based-view”, “competitive-advan-
tage”, “capability” and “knowledge-management”, four main topics in Resource-based
Theory. There are also important relations between topics as “multinational-firm”,
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“manufacturing-firms”, “innovation-performance”, ‘“absorptive-capacity” and ‘“busi-
ness-research”. The majority of those topics are general and represent general research
lines.

In 2013-2017, the network “interorganizational-relationship” received several top-
ics from the latter network and others that complete it. The concentration of themes
related to cooperation among firms and other institutions is interesting. Terms such as
“knowledge” and “competitive-advantage” also remain, and others, such as “SMEs” and
“structural-holes”, enter into the network.

Figure 11 shows networks with a direct relationship between the two periods consid-
ered and explains the source of the “spillover” thematic network.

With regard to the “China” network of the first period, only the strong links of the
central theme with “foreign-direct-investment” and “diffusion” are noteworthy. Addi-
tionally, in this time, the “innovation” network is the origin of several strong themes
included in the “spillover” subnetwork in the 2013-2017 period: terms such as “clus-
ter”, “industry” and, above all, “research-and-development” appear with a relatively
strong relationship and with a remarkable number of documents. Moreover, the relation
between “research-and-development” and “academic-research” is noteworthy.

Regarding the “technology” network of the 2013-2017 period, Fig. 12 shows its
components and the main precedent. As can be observed, this subnetwork receives
many basic themes, several from the management research area, and several from more
economic research topics. Technology is the true link in this subnetwork in which, with
the exception of the relation between “resources” and “innovation-actors”, there are no
relations without “technology”.
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All the subnetworks that have been previously described are integrated in a complete
network that contains all of the topics of the analyzed research field. In fact, although
the simple center algorithm that was used to group themes in subnetworks creates
subnetworks, there are relationships among topics that are placed in different subnet-
works. These kinds of relations are called “external links”. We analyze these links in the
2013-2017 period (Fig. 13).

The elements of the “park” subnetwork hold intense relationships with the “spillo-

1, “spin-off”, “technology” and “interorganizational-relationship” networks. These
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relations are more clearly observed in the network shown in Fig. 13, in which all terms
included in the different thematic networks identified for the 2013-2017 period are
jointly represented.

In this network (Fig. 13), the color of each node represents the thematic network to
which the term belongs according to the simple centers algorithm used in the prior phase.
However, when preparing the representation, Kamada—Kawui’s procedure combined with
Pajek’s was used (De Nooy et al. 2011). We limited the network to relations with a value
superior to 2.5 and nodes with a degree superior to 1.

Furthermore, it is interesting to note several groups that are also directly related to
the theme based on their position in the network. Specifically, there is a very important
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thematic core of three terms, “innovation”, “science-park” and “performance”, in addi-
tion to “network”. Additionally, in the lower part of the center of the network, three terms
belong to the “spin-off” network: this same term, “technology-transfer” and “venture capi-
tal”. Along with these, “incubator”, “entrepreneurship” and “start-up” from the “park” net-
work form a set that is strongly related to entrepreneurship. Additionally, with great inten-

sity in the right part of the network, the terms “knowledge”, “ties”, “management” and
“interorganizational-relationships” appear linked with “innovation”, “performance” and
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“network”, with both being strongly related to aspects of collaboration despite occupying

different thematic networks.

3.4 Fourth phase

At this stage, a performance analysis is conducted. Cobo et al. (2011) consider quantitative
and qualitative measures of performance. The former are analyzed in the second part of the
paper, and to complete this analysis, calculations of qualitative and impact measures (cita-
tions and bibliometric indices) are shown. Tables 10 and 11 show the performance metrics

of the two periods analyzed.

Table 10 Performance metrics

Cluster name Articles  h-index  Average of Citations
for 2008-2012 e
Innovation 107 27 22.64 2422
Absorptive-capacity 22 14 33.36 734
Innovation-policy 16 10 24.94 399
Knowledge 32 17 33.47 1071
China 6 3 12.67 76
Size 4 3 13.25 53
'fl(’)z:bzlg 1131_21(3)611;f0rmance metrics Cluster name Articles h-index Aver.age‘ of  Citations
citations
Park 108 11 4.44 479
Interorganiza- 30 6 3.47 104
tional-relation-
ship
Spillover 28 6 5.25 147
Technology 23 5 4.09 94
Spin-off 17 7 8.41 143
Job 7 3 243 17

@ Springer



1430 E.-M. Mora-Valentin et al.

The results of this phase show that in the 2008-2012 period, the “innovation” net-
work shows significant distance in the number of documents and the h-index. The average
number of citations for “absorptive-capacity” and “knowledge” is remarkable (Table 10).
For the 2013-2017 period, the “park” network has the highest number of documents and
h-index. Obviously, the last period presents a lower number of citations; “spin-off” and
“spillover” are the networks with the highest average number of citations (Table 11).

4 Conclusions

In this paper, we have developed a previous literature review on science and technology
parks. For this purpose, first, a descriptive bibliometric analysis has been made. Second,
we identify topics analyzed in the literature and their relationships (conceptual struc-
ture) through a co-word analysis that complements other previous studies that apply
other bibliometric methods (Diez-Vial and Montoro-Sanchez 2017). A co-word analysis
is one of the less frequently used bibliometric methods (13.6%) in this field of research
(Zupic and Cater 2015).

Our descriptive analysis reveals some interesting conclusions and complements the
results obtained in Hobbs et al. (2017a) that analyzed the number of publications by
year and country, the impact of publications (Google Scholar citations) and the types
of studies (empirical studies, case studies, theoretical and conceptual studies, literature
reviews and publications related to park evaluation methods). In addition, we observed
that until 1990, there was no co-authorship, and for the period analyzed, few authors
have published more than six works on this topic: Wright, Lofsten, Lindelof, Liu and
Link. If we consider the journals that published these papers, many are journals that
specialize in topics of innovation and technology management, such as Technovation,
The Journal of Technology Transfer, International Journal of Technology Management,
and Research Policy. This phenomenon can partly be explained through our co-word
analysis, showing that the works that explore these types of parks often focus on the
analysis of innovation and technology-based firms.

The results of our co-word analysis reveal five main thematic networks: innovation,
park, interorganizational relationship, spillover and technology. In this sense, co-word
analysis allows us to return a set of clusters (networks). The clusters represent groups of
textual information that can be understood as semantic or conceptual groups of differ-
ent topics by the research field (Cobo et al. 2011). These clusters are different from the
clusters of the co-citation analysis, which represent groups of references that form the
intellectual base of the different subfields. However, both techniques complement one
another and are compatible, representing topics analyzed in the literature (keywords)
and serving as bases for studying these themes (co-citation).

For the 2008-2012 period, the literature focuses on the study of innovation (e.g.,
Radosevic and Myrzakhmet 2009; Squicciarini 2008, 2009), interorganizational rela-
tionships (e.g., Mukherjee and Ramani 2011; Schwartz and Hornych 2010), technology
transfer (e.g., Alshumaimri et al. 2010; Chan et al. 2009), performance and growth (e.g.,
Caldera and Debande 2010) and other themes such as management (e.g., Le6n Serrano
2011).

For the last analyzed period, some topics are developed, and others arise. Some papers
have focuses in innovation (Vasquez-Urriago et al. 2014), concretely in R&D management
(e.g., Lamperti et al. 2017), innovation performance (e.g., Albahari et al. 2017; Lai et al.
2014) and innovation policy (e.g., Albahari et al. 2017; Clark 2014). The analysis of the
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relationship between innovation policies and science and technology parks can be analyzed
in a bidirectional way. In this sense, Link and Link (2003) suggested the importance of
studying the effect of science and technology parks on local and regional economic growth.
Other papers consider the effects of parks on regional economic development (e.g., Fuku-
gawa 2016; Ramirez et al. 2013). Future research should analyze the impact of the regional
and local innovation policies in the creation and development of science and technology
parks.

Other papers have analyzed themes related to entrepreneurship. Specifically, the terms
incubator (e.g., Barbero et al. 2014; Tang et al. 2014), entrepreneurship (e.g., Tang et al.
2014), and technology-based firm (e.g., Ubeda et al. 2013) show strong relationships with
one another and with the term park. This relationship seems logical if we understand that
science and technology parks, among other objectives, promote company creation. Addi-
tionally, new science and technology parks could be considered as an instrument for
employment growth (Link and Yang 2017). Future investigation about the characteristics
of entrepreneurs that located their new firms in science and technology parks should be
developed. In this way, the differences between the entrepreneurs on and off parks can be
analyzed.

In addition to these themes, issues related to the analysis of interorganizational rela-
tions have attracted interest in the research community (e.g., Vasquez-Urriago et al. 2016).
In that case, the papers analyze the university-industry relationships (Fernandez-Esquinas
et al. 2016), networks (Kogak and Can 2014) and factors such as trust (Giaretta 2014) and
structural holes (Diez-Vial and Montoro-Sanchez 2016). Future evidence should analyze
other determinant factors in university-firm relationships such as commitment, communi-
cation, level of institutionalization or dependence. Other works analyzed the interorganiza-
tional relationships between firms located in science and technology parks and universities
(Minguillo and Thelwall 2015). Clusters are analyzed as well (Choi et al. 2013) as the
effect of the proximity and the location and parks (Hobbs et al. 2017b). Some papers are
focused on the role of universities close to the science and technology parks, creating terms
such us university-research park (Link and Link 2003; Link and Scott 2006). These stud-
ies reveal the influence of science parks on university productivity (Link and Scott 2003).
Future research should analyze the universities’ access to financial sources because of their
relationships with science and technology parks.

The analysis of performance and growth remains in the last period (e.g., Huang et al.
2016; Stokan et al. 2015; Hobbs et al. 2017b). Aspects related to knowledge management
in science and technology parks have been developed in the most recent literature, analyz-
ing themes such as absorptive capacity (Diez-Vial and Montoro-Sanchez 2016), intellec-
tual property (Olcay and Bulu 2016) and patents (Clarysse et al. 2014). Another interesting
topic is the effect of spillovers, arising because of the relationship between a university and
science park, on the university’s performance and other indicators such as employment and
regional and local economic growth (Link 2016).

A new and remarkable trend is the development of studies about human resource man-
agement in science parks (e.g., Huang 2014; Wang et al. 2013). Future works could study
job profiles, motivation, stress management, and other issues in the context of science
parks. In that sense, there are some research questions such as the following: what are the
main characteristics of the science and technology park managers? What kind of formation
is the most suitable for managing a science and technology park? Is there any difference in
the performance of science and technology parks that are managed by different managers?

Another new research direction is the analysis of the business models of firms inside
the science and technology parks. In that sense, it is interesting to consider the traditional
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business models and the modern ones, especially those based on open data (Zimmermann
and Pucihar 2015).

References

Albahari, A., Pérez-Canto, S., Barge-Gil, A., & Modrego, A. (2017). Technology parks versus science
parks: Does the university make the difference? Technological Forecasting and Social Change, 116,
13-28. https://doi.org/10.1016/j.techfore.2016.11.012.

Albahari, A., Pérez-Canto, S., & Landoni, P. (2010). Science and technology parks impacts on tenant
organizations: A review of literature. MPRA paper 41914, posted 14. https://mpra.ub.uni-muenchen.
de/41914/.

Alshumaimri, A., Aldridge, T., & Audretsch, D. B. (2010). The university technology transfer revolution
in Saudi Arabia. The Journal of Technology Transfer, 35(6), 585-596. https://doi.org/10.1007/s1096
1-010-9176-5.

Barbero, J. L., Casillas, J. C., Wright, M., & Ramos Garcia, A. (2014). Do different types of incubators
produce different types of innovations? The Journal of Technology Transfer, 39(2), 151-168. https
://doi.org/10.1007/s10961-013-9308-9.

Bauin, S. (1986). Aquaculture: A field by bureaucratic fiat. In M. Callon, J. Law, & A. Rip (Eds.), Map-
ping the dynamics of science and technology: Sociology of science in the real world (pp. 124-141).
London: The Macmillan Press Ltd.

Benavides-Velasco, C. A., Quintana-Garcia, C., & Guzman Parra, V. F. (2011). Trends in family business
research. Small Business Economics, 40(1), 41-57. https://doi.org/10.1007/s11187-011-9362-3.
Caldera, A., & Debande, O. (2010). Performance of Spanish universities in technology trans-
fer: An empirical analysis. Research Policy, 39(9), 1160-1173. https://doi.org/10.1016/j.respo

1.2010.05.016.

Callon, M., Courtial, J. P., & Laville, F. (1991). Co-word analysis as a tool for describing the network of
interactions between basic and technological research: The case of polymer chemistry. Scientomet-
rics, 22, 155-205. https://doi.org/10.1007/BF02019280.

Callon, M., Courtial, J., Turner, W. A., & Bauin, S. (1983). From translations to problematic networks:
An introduction to co-word analysis. Social Science Information, 22(2), 191-235. https://doi.
org/10.1177/053901883022002003.

Chan, K. Y. A., Oerlemans, L. A. G., & Pretorius, M. W. (2009). Explaining mixed results on science
parks performance: Bright and dark sides of the effects of inter-organisational knowledge transfer
relationships. South African Journal of Industrial Engineering, 20(2), 53-67.

Choi, J., Sang-Hyun, A., & Cha, M. S. (2013). The effects of network characteristics on perfor-
mance of innovation clusters. Expert Systems with Applications, 40(11), 4511-4518. https://doi.
org/10.1016/j.eswa.2013.01.052.

Choi, J., Yi, S., & Lee, K. C. (2011). Analysis of keyword networks in MIS research and implica-
tions for predicting knowledge evolution. Information & Management, 48, 371-381. https://doi.
org/10.1016/5.im.2011.09.004.

Clark, J. J. (2014). Siting ‘scientific spaces’ in the US: The push and pull of regional development strat-
egies and national innovation policies. Environment and Planning C: Politics and Space, 32(5),
880-895. https://doi.org/10.1068/c1271r.

Clarysse, B., Wright, M., Bruneel, J., & Mahajan, A. (2014). Creating value in ecosystems: Crossing the
chasm between knowledge and business ecosystems. Research Policy, 43(7), 1164-1176. https://
doi.org/10.1016/j.respol.2014.04.014.

Cobo, M. J., Lépez-Herrera, A. G., Herrera-Viedma, E., & Herrera, F. (2011). An approach for detecting,
quantifying, and visualizing the evolution of a research field: A practical application to the Fuzzy
Sets Theory field. Journal of Informetrics, 5(1), 146-166. https://doi.org/10.1016/j.j0i.2010.10.002.

Cobo, M. J., Lépez-Herrera, A. G., Herrera-Viedma, E., & Herrera, F. (2012). SciMAT: A new science
mapping analysis software tool. Journal of the American Society for Information Science and Tech-
nology, 63(8), 1609-1630. https://doi.org/10.1002/asi.22688.

Coulter, N., Monarch, I., & Konda, S. (1998). Software engineering as seen through its research litera-
ture: A study in co-word analysis. Journal of the American Society for Information Science, 49,
1206-1223.

@ Springer


https://doi.org/10.1016/j.techfore.2016.11.012
https://mpra.ub.uni-muenchen.de/41914/
https://mpra.ub.uni-muenchen.de/41914/
https://doi.org/10.1007/s10961-010-9176-5
https://doi.org/10.1007/s10961-010-9176-5
https://doi.org/10.1007/s10961-013-9308-9
https://doi.org/10.1007/s10961-013-9308-9
https://doi.org/10.1007/s11187-011-9362-3
https://doi.org/10.1016/j.respol.2010.05.016
https://doi.org/10.1016/j.respol.2010.05.016
https://doi.org/10.1007/BF02019280
https://doi.org/10.1177/053901883022002003
https://doi.org/10.1177/053901883022002003
https://doi.org/10.1016/j.eswa.2013.01.052
https://doi.org/10.1016/j.eswa.2013.01.052
https://doi.org/10.1016/j.im.2011.09.004
https://doi.org/10.1016/j.im.2011.09.004
https://doi.org/10.1068/c1271r
https://doi.org/10.1016/j.respol.2014.04.014
https://doi.org/10.1016/j.respol.2014.04.014
https://doi.org/10.1016/j.joi.2010.10.002
https://doi.org/10.1002/asi.22688

Mapping the conceptual structure of science and technology... 1433

De Nooy, W., Mrvar, A., & Batagelj, V. (2011). Exploratory social network analysis with Pajek (2nd
ed.). New York: Cambridge University Press.

Diez-Vial, I., & Montoro-Sanchez, A. (2016). How knowledge links with universities may foster innova-
tion: The case of a science park. Technovation, 50-51, 41-52. https://doi.org/10.1016/j.technovati
0on.2015.09.001.

Diez-Vial, 1., & Montoro-Sanchez, A. (2017). Research evolution in science parks and incubators: Founda-
tions and new trends. Scientometrics, 110(3), 1243—1272. https://doi.org/10.1007/s11192-016-2218-5.

Fernandez-Esquinas, M., Merchan-Hernandez, C., & Valmaseda-Andia, O. (2016). How effective are
interface organizations in the promotion of university-industry links? Evidence from a regional
innovation system. European Journal of Innovation Management, 19(3), 424-442. https://doi.
org/10.1108/EJIM-07-2013-0068.

Fukugawa, N. (2006). Science parks in Japan and their value-added contributions to new technol-
ogy-based firms. International Journal of Industrial Organization, 24(2), 381-400. https://doi.
org/10.1016/].ijindorg.2005.07.005.

Fukugawa, N. (2016). Knowledge spillover from university research before the national innovation sys-
tem reform in Japan: Localisation, mechanisms, and intermediaries. Asian Journal of Technology
Innovation, 24(1), 100-122. https://doi.org/10.1080/19761597.2016.1141058.

Garfield, E. (1994). Scientography: Mapping the tracks of science. Current Contents: Social & Behav-
ioural Sciences, 7, 5-10.

Giaretta, E. (2014). The trust “builders” in the technology transfer relationships: An Italian science park
experience. The Journal of Technology Transfer, 39(5), 675-687. https://doi.org/10.1007/s1096
1-013-9313-z.

He, Q. (1999). Knowledge discovery through co-word analysis. Library Trends, 48(1), 133—-159.

Hobbs, K. G., Link, A. N., & Scott, J. T. (2017a). Science and technology parks: An annotated and ana-
lytical literature review. The Journal of Technology Transfer, 42, 957-976. https://doi.org/10.1007/
$10961-016-9522-3.

Hobbs, K. G., Link, A. N., & Scott, J. T. (2017b). The growth of US science and technology parks:
Does proximity to a university matter? Annals of Regional Science, 59(2), 495-511. https://doi.
0rg/10.1007/s00168-017-0842-5.

Huang, S. P. (2014). A study on the relations among the human resource management system, organi-
zational commitment and business performance. Acta Oeconomica, 64(Supplement 2), 275-288.
https://doi.org/10.1556/A0econ.64.2014.Suppl.19.

Huang, S. Z., Wu, T. J., & Tsai, H. T. (2016). Hysteresis effects of R&D expenditures and patents on
firm performance: An empirical study of Hsinchu Science Park in Taiwan. Filomat, 30(15), 4265—
4278. https://doi.org/10.2298/FIL1615265H.

Kogak, O., & Can, O. (2014). Determinants of inter-firm networks among tenants of science technology
parks. Industrial and Corporate Change, 23(2), 467-492. https://doi.org/10.1093/icc/dtt015.

Lai, Y. L., Hsu, M. S, Lin, F. J., Chen, Y. M., & Lin, Y. H. (2014). The effects of industry cluster knowl-
edge management on innovation performance. Journal of Business Research, 67(5), 734-739. https
://doi.org/10.1016/j.jbusres.2013.11.036.

Lamperti, F., Mavilia, R., & Castellini, S. (2017). The role of science parks: A puzzle of growth, inno-
vation and R&D investments. The Journal of Technology Transfer, 42(1), 158-183. https://doi.
org/10.1007/s10961-015-9455-2.

Lee, H., & Kang, P. (2017). Identifying core topics in technology and innovation management stud-
ies: A topic model approach. The Journal of Technology Transfer. https://doi.org/10.1007/s1096
1-017-9561-4.

Leo6n Serrano, G. (2011). Nuevos enfoques para la gestion estratégica de la I + D e innovacién en las
universidades. Revista de Educacion, 355(mayo-agosto), 83—108.

Leone, R. P., Robinson, L. M., Bragge, J., & Somervuori, O. (2012). A citation and profiling analysis of
pricing research from 1980 to 2010. Journal of Business Research, 65(7), 1010-1024. https://doi.
org/10.1016/j.jbusres.2011.04.007.

Link, A. N. (2016). Competitive advantages from university research parks. In D. B. Audretsch, A. N.
Link, & M. L. Walshok (Eds.), The Oxford handbook of local competitiveness (pp. 337-344). New
York: Oxford University Press.

Link, A. N., & Link, K. R. (2003). On the growth of U.S. science parks. The Journal of Technology
Transfer, 28(1), 81-85. https://doi.org/10.1023/A:1021634904546.

Link, A. N., & Scott, J. T. (2003). U.S. science parks: The diffusion of an innovation and its effects
on the academic missions of universities. International Journal of Industrial Organization, 21(9),
1323-1356. https://doi.org/10.1016/S0167-7187(03)00085-7.

@ Springer


https://doi.org/10.1016/j.technovation.2015.09.001
https://doi.org/10.1016/j.technovation.2015.09.001
https://doi.org/10.1007/s11192-016-2218-5
https://doi.org/10.1108/EJIM-07-2013-0068
https://doi.org/10.1108/EJIM-07-2013-0068
https://doi.org/10.1016/j.ijindorg.2005.07.005
https://doi.org/10.1016/j.ijindorg.2005.07.005
https://doi.org/10.1080/19761597.2016.1141058
https://doi.org/10.1007/s10961-013-9313-z
https://doi.org/10.1007/s10961-013-9313-z
https://doi.org/10.1007/s10961-016-9522-3
https://doi.org/10.1007/s10961-016-9522-3
https://doi.org/10.1007/s00168-017-0842-5
https://doi.org/10.1007/s00168-017-0842-5
https://doi.org/10.1556/AOecon.64.2014.Suppl.19
https://doi.org/10.2298/FIL1615265H
https://doi.org/10.1093/icc/dtt015
https://doi.org/10.1016/j.jbusres.2013.11.036
https://doi.org/10.1016/j.jbusres.2013.11.036
https://doi.org/10.1007/s10961-015-9455-2
https://doi.org/10.1007/s10961-015-9455-2
https://doi.org/10.1007/s10961-017-9561-4
https://doi.org/10.1007/s10961-017-9561-4
https://doi.org/10.1016/j.jbusres.2011.04.007
https://doi.org/10.1016/j.jbusres.2011.04.007
https://doi.org/10.1023/A:1021634904546
https://doi.org/10.1016/S0167-7187(03)00085-7

1434 E.-M. Mora-Valentin et al.

Link, A. N., & Scott, J. T. (2006). U.S. university research parks. Journal of Productivity Analysis,
25(1-2), 43-55. https://doi.org/10.1007/s11123-006-7126-x.

Link, A. N., & Scott, J. T. (2007). The economics of university research parks. Oxford Review of Eco-
nomic Policy, 23(4), 661-674. https://doi.org/10.1093/oxrep/grm030.

Link, A. N., & Scott, J. T. (2015). Research, science, and technology parks: Vehicles for technology
transfer. In A. N. Link, D. S. Siegel, & M. Wright (Eds.), The Chicago handbook of university tech-
nology transfer and academic entrepreneurship. Chicago: University of Chicago Press.

Link, A. N., & Yang, U. Y. (2017). On the growth of Korean technoparks. International Entrepreneur-
ship and Management Journal. https://doi.org/10.1007/s11365-017-0459-2.

Lotka, A. J. (1926). The frequency distribution of scientific productivity. Journal of the Washington
Academy of Sciences, 16(12), 317-323.

Minguillo, D., & Thelwall, M. (2015). Research excellence and university-industry collaboration in UK
science parks. Research Evaluation, 24(2), 181-196. https://doi.org/10.1093/reseval/rvu032.

Mukherjee, V., & Ramani, S. V. (2011). R&D cooperation in emerging industries, asymmetric innova-
tive capabilities and rationale for technology parks. Theory and Decision, 71(3), 373-394. https://
doi.org/10.1007/s11238-009-9184-9.

Olcay, G. A., & Bulu, M. (2016). Technoparks and technology transfer offices as drivers of an innovation
economy: Lessons from Istanbul’s innovation spaces. Journal of Urban Technology, 23(1), 71-93.
https://doi.org/10.1080/10630732.2015.1090195.

Persson, O., Danell, R., & Schneider, J. W. (2009). How to use Bibexcel for various types of bibliometric
analysis. In F. Astrom, R. Danell, B. Larsen, & J. W. Schneider (Eds.), Celebrating scholarly commu-
nication studies: A Festschrift for Olle Persson at his 60th Birthday, 5-S, pp. 9-24.

Phan, P. H., Siegel, D. S., & Wright, M. (2005). Science parks and incubators: Observations, synthesis
and future research. Journal of Business Venturing, 20(2), 165-182. https://doi.org/10.1016/j.jbusv
ent.2003.12.001.

Price, D. J. S. (1973). Hacia una ciencia de la ciencia. Barcelona: Ariel.

Quintas, P., Wield, D., & Massey, D. (1992). Academic-industry link and innovation: Questioning the sci-
ence park model. Technovation, 12(3), 161-175. https://doi.org/10.1016/0166-4972(92)90033-E.
Radosevic, S., & Myrzakhmet, M. (2009). Between vision and reality: Promoting innovation through tech-
noparks in an emerging economy. Technovation, 29(10), 645-656. https://doi.org/10.1016/j.technovati

0n.2009.04.001.

Ramirez, M., Li, X., & Chen, W. (2013). Comparing the impact of intra- and inter-regional labour mobil-
ity on problem-solving in a Chinese science park. Regional Studies, 47(10), 1734-1751. https://doi.
org/10.1080/00343404.2011.632365.

Schwartz, M., & Hornych, C. (2010). Cooperation patterns of incubator firms and the impact of incuba-
tor specialization: Empirical evidence from Germany. Technovation, 30(9-10), 485-495. https://doi.
org/10.1016/j.technovation.2010.05.001.

Siegel, D. S., Westhead, P., & Wright, M. (2003). Science parks and the performance of new technology
based firms: A review of recent UK evidence and an agenda for future research. Small Business Eco-
nomics, 20(2), 177-184. https://doi.org/10.1023/A:1022268100133.

Squicciarini, M. (2008). Science parks’ tenants versus out-of-park firms: Who innovates more? A duration
model. The Journal of Technology Transfer, 33(1), 45-71. https://doi.org/10.1007/s10961-007-9037-z.

Squicciarini, M. (2009). Science parks: Seedbeds of innovation? A duration analysis of firms’ patenting
activity. Small Business Economics, 32(2), 169-190. https://doi.org/10.1007/s11187-007-9075-9.

Sternitzke, C., & Bergmann, 1. (2009). Similarity measures for document mapping: A comparative study
on the level of an individual scientist. Scientometrics, 78(1), 113—130. https://doi.org/10.1007/s1119
2-007-1961-z.

Stokan, E., Thompson, L., & Mahu, R. J. (2015). Testing the differential effect of business incubators on
firm growth. Economic Development Quarterly, 29(4), 317-327. https://doi.org/10.1177/0891242415
597065.

Tang, M. F., Lee, J., Liu, K., & Lu, Y. (2014). Assessing government-supported technology-based business
incubators: Evidence from China. International Journal of Technology Management, 65(1-4), 24-48.
https://doi.org/10.1504/1JTM.2014.060956.

Ubeda, J. E., Gieure, C., De-1a-Cruz, C., & Sastre, O. (2013). Communication in new technology based-
firms. Management Decision, 51(3), 615-628. https://doi.org/10.1108/00251741311309689.

Vasquez-Urriago, A. R., Barge-Gil, A., & Modrego Rico, A. (2016). Science and technology parks and
cooperation for innovation: Empirical evidence from Spain. Research Policy, 45(1), 137-147. https://
doi.org/10.1016/j.respol.2015.07.006.

@ Springer


https://doi.org/10.1007/s11123-006-7126-x
https://doi.org/10.1093/oxrep/grm030
https://doi.org/10.1007/s11365-017-0459-2
https://doi.org/10.1093/reseval/rvu032
https://doi.org/10.1007/s11238-009-9184-9
https://doi.org/10.1007/s11238-009-9184-9
https://doi.org/10.1080/10630732.2015.1090195
https://doi.org/10.1016/j.jbusvent.2003.12.001
https://doi.org/10.1016/j.jbusvent.2003.12.001
https://doi.org/10.1016/0166-4972(92)90033-E
https://doi.org/10.1016/j.technovation.2009.04.001
https://doi.org/10.1016/j.technovation.2009.04.001
https://doi.org/10.1080/00343404.2011.632365
https://doi.org/10.1080/00343404.2011.632365
https://doi.org/10.1016/j.technovation.2010.05.001
https://doi.org/10.1016/j.technovation.2010.05.001
https://doi.org/10.1023/A:1022268100133
https://doi.org/10.1007/s10961-007-9037-z
https://doi.org/10.1007/s11187-007-9075-9
https://doi.org/10.1007/s11192-007-1961-z
https://doi.org/10.1007/s11192-007-1961-z
https://doi.org/10.1177/0891242415597065
https://doi.org/10.1177/0891242415597065
https://doi.org/10.1504/IJTM.2014.060956
https://doi.org/10.1108/00251741311309689
https://doi.org/10.1016/j.respol.2015.07.006
https://doi.org/10.1016/j.respol.2015.07.006

Mapping the conceptual structure of science and technology... 1435

Vasquez-Urriago, A. R., Barge-Gil, A., Modrego Rico, A., & Paraskevopoulou, E. (2014). The impact of
science and technology parks on firms’ product innovation: Empirical evidence from Spain. Journal of
Evolutionary Economics, 24(4), 835-873. https://doi.org/10.1007/s00191-013-0337-1.

Wallin, M. (2012). The bibliometric structure of spin-off literature. Innovation: Management, Policy &
Practice, 14(177), 162. https://doi.org/10.5172/impp.2012.14.2.162.

Wang, Y. L., Ellinger, A. D., & YC, Jim Wu. (2013). Entrepreneurial opportunity recognition: An empirical
study of R&D personnel. Management Decision, 51(2), 248-266. https://doi.org/10.1108/0025174131
1301803.

Zimmermann, H. D., & Pucihar, A. (2015). Open innovation, open data and new business models. In D.
Petr, C. Gerhard, & O. Vaclav (Eds.), IDIMT-2015: Information Technology and Society Interaction
and Interdependence, Schriftenreihe Informatik, vol. 44, pp. 449-458.

Zupic, 1., & Cater, T. (2015). Bibliometrics methods in management and organizations. Organizational
Research Methods, 18(3), 429-472. https://doi.org/10.1177/1094428114562629.

@ Springer


https://doi.org/10.1007/s00191-013-0337-1
https://doi.org/10.5172/impp.2012.14.2.162
https://doi.org/10.1108/00251741311301803
https://doi.org/10.1108/00251741311301803
https://doi.org/10.1177/1094428114562629

	Mapping the conceptual structure of science and technology parks
	Abstract 
	1 Introduction
	2 Data: research protocol and descriptive analysis
	2.1 Authors
	2.2 Journals

	3 Co-word analysis
	3.1 First phase
	3.2 Second phase
	3.3 Third phase
	3.4 Fourth phase

	4 Conclusions
	References




