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Abstract

Science and technology parks (STPs) are non-spontaneous agglomerations aimed at
encouraging the formation and growth of on-site technology and knowledge-based firms.
STPs have diffused worldwide, attracting significant, and often public, investment. How-
ever, there are contrasting evidence and insights on the effectiveness of these local develop-
ment, technology and innovation policy tools. This paper provides a comprehensive and
systematic review of the STP literature (221 papers, 1987-2021), focusing especially on
quantitative papers aimed at assessing the park effect on tenant’s performance. We per-
form an in-depth quantitative analyses, which allows us to go beyond the inconclusiveness
reported in previous review papers, showing that the likelihood of finding positive STP
effects increases considerably with sample size. We discuss the limitations of this literature
and offer some suggestions for future research.
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1 Introduction

Science and Technology Parks (STPs) have achieved near worldwide diffusion and have
attracted the interest of both policymakers and the scientific community. STPs are non-
spontaneous agglomerations whose management teams engage actively in encouraging the
formation and growth of on-site technology and knowledge-based firms (Albahari et al.,
2018).

Inspired by the success of famous spontaneous clusters, such as Silicon Valley and
Route 128 (Appold, 2004), many national and regional governments have invested in STPs
as technology and innovation policy tools. Examples include the governments of Japan
(Bass, 1998), India (Biswas, 2004; Vaidyanathan, 2008), Taiwan (Hu et al., 2005; Xue,
1997), Brazil (Mello & Rocha, 2004), Russia (Kihlgren, 2003), Spain (Albahari et al.,
2013), Italy (Landoni et al., 2010) and China (Watkins-Mathys & Foster, 2006), which
have invested heavily in programmes to foster the creation of STPs. In other countries,
such as the UK (Siegel et al., 2003b; Westhead & Storey, 1995), STPs are mainly univer-
sity initiatives, which are exploited to facilitate the commercialisation of academic research
(Markman et al., 2008; Storey & Tether, 1998) and ensure that the financial returns from
technology transfer are internalised (Link et al., 2007).

Although complete statistics are not available, some numbers may help in understand-
ing the importance of STPs. Over the past 15 years, SP activity worldwide has approxi-
mately doubled (Lecluyse et al., 2019), with over 400 STPs in Europe (Rowe, 2014) and
300 in North America (Battelle Technology Partnership Practice, 2013). Rodriguez-Pose
and Hardy (2014) report more than 1500 STPs operating in China and India, and a great
number of STPs in emerging economies in South America, Asia and Africa.

The interest of researchers and policymakers in STPs as technology and innovation pol-
icy instruments has grown in parallel with the increased diffusion worldwide of STPs.

In this paper, we provide a systematic review of the literature on the effects of STP loca-
tion on tenant firms aimed at: (i) providing a critical summary of the existing research on
STPs by focusing on quantitative works (ii) identifying the most frequent methodologies
and their methodological shortcomings; (iii) summarising the main findings from research
on STPs to inform policymakers and practitioners about the effects of STPs on tenants; (iv)
performing a quantitative in-depth analysis to identify whether the findings from previous
studies are sensitive to the samples and methodology used; (v) taking stock of previous
work on STPs that explicitly takes into account the existence of heterogeneous effects both
on a park- and firm-level and (vi) identifying trends and gaps in the literature and offering
suggestions for further research.

Previous reviews of the literature on STPs (see Sect. 2) essentially coincides in indicat-
ing mixed results on almost all dimensions of the park effect on tenants. By performing an
in-depth analysis of quantitative papers on the STP effect (see Sect. 4), we are able to make
a substantial contribution to the knowledge of STPs by going beyond the inconclusiveness
found in previous works. We observe that the probability of finding a positive and signifi-
cant effect increases considerably with sample size. A complementary reason for the previ-
ous mixed evidence may be that most authors consider the average effect of the on-park
location. We report evidence of the existence of heterogeneous effects according to both
park and firm characteristics (see Sect. 5).

The wide and fragmented literature on STPs has recently motivated other review efforts
(e.g.,Diez-Vial & Montoro-Sanchez, 2017; Henriques et al., 2018b; Hobbs et al., 2017a;
Lecluyse et al., 2019; Link & Scott, 2007; Mora-Valentin et al., 2018). In Sect. 2, we
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review these efforts and explain why and how our study contributes to this literature. In
Sect. 3, we describe the methodology and provide a general review of the literature on
STPs. Section 4 delves into quantitative papers whose aim is to analyse STPs effects on
tenant firms. In Sect. 5, we take stock of the works that explicitly considers heterogeneous
effects of the on-park location. Section 6 concludes and provides some directions for fur-
ther research.

2 Contributions of our review

The first review, to our knowledge, is Link and Scott (2007). They review the origins of
STPs, and the theory and rationality behind them. In addition, they offer a review of the
(few) empirical studies on STPs at that time and conclude that one key challenge in the
literature should be to quantify STP impact.

Diez-Vial and Montoro-Sanchez (2017) review the literature of STPs (1996-2015) from
a bibliometric point of view using co-citation analysis and bibliographic coupling with the
aim to identify the foundations of parks and incubation research. They focus on 222 citing
documents and 459 cited references and identify four periods: (i) the emergence period
(1996-2000), characterized by a clear separation between the analysis of parks and incu-
bators, (ii) the growth period (2001-2005), focusing on high tech industries and the role
played by universities, (iii) the opening period (2006-2010), characterized by the interest
on STP performance, incubators best practices and the effectiveness of university-technol-
ogy transfer and (iv) the consolidation period (2011-2015), focusing on the supporting role
of incubators (and to a lesser extent parks) on new companies development processes and
on the study on how certain location, mainly parks, can improve local innovation. Overall,
they conclude that the analysis of parks has been approached from different (complemen-
tary) theoretical perspectives like economic geography, entrepreneurship, networks or the
management literature.

A closely related contribution is Mora-Valentin et al. (2018). They also review the lit-
erature of STPs (1996-2017) from a bibliometric point of view, but they use co-wording
rather than co-citation analysis. They identify 447 works and provide a descriptive analy-
sis identifying the more prolific authors in the field, as well as the journals that account
for more publications. The co-word analysis identifies five main themes: innovation, park,
inter-organisational relationship, spillover and technology. For the 2008-2012 period, the
literature focuses on innovation, inter-organisational relationships, technology transfer, per-
formance and growth or management. From 2012 onwards, some of these topics, such as
inter-organisational relationships and performance and growth are further developed and
other, such as innovation policies, entrepreneurship and human resource management and
business models in STPs have emerged.

Hobbs et al. (2017a) provide an annotated and analytical literature review. They identify
87 contributions until 2016, concluding that the academic attention to STPs has increased,
but not exploded and consider that it was still in an embryonic stage. They highlight that
the scope of the literature is global, although about one third of the studies focus on China
or the United Kingdom.

Henriques et al. (2018) review 56 papers (1980-2016). Their major contribution is to
indicate five gaps in the literature: (i) the scarcity of studies in emerging economies, (ii)
the absence of studies empirically comparing STPs in emerging vs mature economies,
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(iii) the scarcity of studies outside Europe and Asia, (iv) the absence of studies comparing
STPs in different countries and (v) the reasons why some studies find that STPs perform
lower than expected. They wonder if the expectations on STPs are too high and high-
light that studies should be carried out to understand the drivers of the impact or lack of
impact.

In our view, the paper more closely related to our work is Lecluyse et al. (2019).
They review 175 STP papers (1988-2017) using a broad approach, which is built on an
Input-Mediator-Outcome framework and distinguishes between the regional level, the SP
level and the firm level. Their main conclusion is that results are highly inconclusive. To
enable the advancement of knowledge they propose topics and levels of analysis, which
may allow gaining in-depth insights into when, how and why STPs provide value-added
contributions.

Compared with previous reviews, the main contributions of our paper can be summa-
rized as follows.

First, we review papers until 2021 (included). In the four additional years we cover with
respect to the most recent previous review published, a large number of relevant papers has
been published. Out of the 221 papers we review (see Sect. 3.1), 59 papers (27% of our
sample) have been published in the years 2018-2021.

Second, although we review all the papers dealing with STPs, which allows us to iden-
tify the main topics analysed in the literature (see Sect. 3.3), we narrow the focus of our
review to studies analysing park effect on tenant’s performance.

Third, due to this narrower scope of our review, we can adopt a different approach,
applying quantitative methods to carry out an in-depth analysis of these papers on
different types of effects; in this way, we are able to go beyond the inconclusiveness
highlighted in previous review papers, and highlight the main messages from previous
works.

Fourth, following the recommendations from previous reviews (Henriques et al., 2018;
Lecluyse et al., 2019), we explicitly consider the heterogeneous nature of STPs to extract
new conclusions compared with previous review papers.

Overall, our focus on the results of previous works and the methodology followed to
analyse these results, allows us to integrate knowledge from previous studies and to build
evidence on the effect of the on-park location on tenants performance.

3 A general review of STPs literature

In this section, we describe the methodology followed to select papers to review, provide
some basic bibliometric indicators and identify papers’ main topics and aims.

! In addition to these reviews, there are other two papers with a regional focus. Poonjan & Tanner (2020)
review 64 papers with the aim of developing a comprehensive framework of how regional contextual fac-
tors have been shown to play a role for STP performance. They distinguish five relevant regional factors:
university and research institutes, industrial structure, institutional settings, financial support and urbaniza-
tion. On the other hand, Theeranattapong et al. (2021) review the literature on the roles of the university
in the Regional Innovation System actors-university-science park nexus. They distinguish three types of
activities performed by the university: knowledge co-creation, acting as a conduit and inter-organisational
relationship building and conclude that further research is needed on the relationship between Regional
Innovation Systems and Science Parks, especially in peripheral regions.
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3.1 Methodology

This paper is based on an in-depth literature review and a systematic search methodology
to ensure the inclusion of all relevant contributions and facilitate future updating. We iden-
tified the papers using a keyword search in Web of Knowledge databases (currently man-
aged by Clarivate Analytics). To narrow our search to identify the most relevant papers,
we limited the Databases, Document Types and Research Areas to those shown in Table 1.
The second step of our methodology was to identify research scope in terms of the
organisations studied. There are several definitions of STP,? due, likely, to the variety of
existing experiences, which has resulted in different interpretations of the STP concept.
Some authors consider it ‘nebulous’ (Shearmur & Doloreux, 2000) and highlight the lack
of agreement over their definition, which has been exacerbated by the many different terms
used in the literature to describe parks,3 for example, science park, research park, technol-
ogy park, science and technology park, business park, innovation centre, technopole, etc.
(Chan & Lau, 2005; Link & Scott, 2007; Shearmur & Doloreux, 2000; Sofouli & Vonor-
tas, 2007). To add to this confusion, the terms ‘STP’ and ‘incubator’ are often used inter-
changeably, despite the different aims and distinctive characteristics of these entities.*

Table 1 Search parameters applied to the Web of Knowledge

Database

Web of Science Core Collection—1900-present

Document types®

Articles

Research Areas

Business Economics

Engineering

Geography

Operations Research Management Science
Science Technology Other Topics

Social Sciences Other Topics

Urban Studies

#Other available document types are: Editorial Material; Meeting Abstract; Letter; Proceedings paper; Book
Review; Correction; Correction, Addition; Review and News Item

2 The most frequent definitions are reported in Annex 1.

3 Some terms have achieved particular prominence in certain countries (e.g., STPs tend to be called
Technopoles in the francophone world and Research Parks in the US) (Link & Scott, 2007; Shearmur &
Doloreux, 2000). The European Union tried to differentiate among some of these terms (Scandizzo, 2005),
but the most recent literature shows that its attempts have not been successful. There have been also some
attempts to introduce a typology of STPs (Albahari et al., 2017; Ng et al., 2019).

4 Annex 1 provides the most frequent definitions of STPs and tries to explain the different roles played by
STPs and incubators in their support for innovative firms.
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Therefore, in the Topic field of the web platform, we employed a set of keywords, which
we broadened successively as new papers were analysed. Table 2 presents the keywords
used and the numbers of papers identified by each keyword.

Our keyword search, performed on the 8th January 2022, identified 1188 papers. This
number included some duplicates resulting from the use of similar keywords. After purg-
ing our sample of duplicate entries (using Endnote Web, a Clarivate Analytics product), we
obtained 965 papers. From this total, we rejected 744 following a reading of their abstracts.

In the next step, we considered both backward (papers cited by the selected papers) and
forward (papers citing the selected papers) citations, to ensure the inclusion of all relevant
papers. In the final step, we conducted a manual selection of the relevant papers. At the end
of this process, we obtained 221 papers considered relevant for our review.

3.2 Description of the studies

Figures 1 and 2 depict the distribution of the 221 papers by publication year and journal.
We can observe that the scholarly interest in STPs shows no sign of waning, with one third
of the papers included in our review published in the last 5 years (2017-2021). Two jour-
nals, namely The Journal of Technology Transfer (JoI'T) and Technovation, are the most
cited, accounting for the 20% of all the works reviewed. It is worth noting that, while Tech-
novation was clearly the main outlet before 2016, JOTT has assumed a leading position in
recent years, with 10 papers published in the last 5 years.

Figure 3 shows numbers of papers by STP location; the main focus is on STPs in China,
Spain, Taiwan, Sweden, the USA and the UK, although most of the industrialised countries
are covered. There is also evidence on STPs in emerging economies (25% of our sample),

Table 2 Number of papers

identified by each keyword Keyword I];Lurrg-f
papers

Science Park*® 542
Science and Technology Park* 95
S&T Park*® 5
Research Park* 93
Innovation Cent*( 130
URP+® 96
Technology Park* 165
Technopole* 24
Technopark™ 22
High-Tech Park* 16

@ account for both singular and plural forms of the keyword
() S&T Park: Science and Technology Park

© ‘Innovation Cent*’ includes both ‘Innovation Center(s)’ and ‘Inno-
vation Centre(s)’

@ URP: University Research Park. The full keyword ‘University
Research Park” was dropped because it yielded the same results as the
keyword’Research Park’
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although more studies on developing countries are needed, as suggested by Henriques et al.
(2018).

Figure 4 depicts the most common keywords listed in the selected papers. It gives an
idea of the complexity and interdisciplinary nature of the research on STPs. These key-
words include, among others, terms related to innovation, knowledge transfer, university-
industry relations, geography, regional development, triple helix and entrepreneurship.

3.3 Main topics analysed

We can identify six broad categories of aims: (i) project hypothesis for setting up a new
STP or a group of STPs; (ii) STPs performance assessment framework; (iii) evolution
paths and outcomes of an STP or a group of STPs; (iv) best practices and critical suc-
cess factors; (v) role of STPs in national/regional economy; (vi) effects on tenant firms.

First, some studies hypothesise about the setting up of new parks or a group of parks
in Kuwait (Al-Sultan, 1998) the Rome area (Cricelli et al., 1997), Shanghai (Ma, 1998)
and Ankara University STP (Fikirkoca & Saritas, 2012) in a bid to ensure their success-
ful establishment.

Second, although the design of an assessment framework for STPs is particularly dif-
ficult due, in part, to the multiple stakeholders and their various and, sometimes, con-
flicting interests, some papers make some attempts in this direction (Chan & Lau, 2005;
Ferrara et al., 2016; Guadix et al., 2016; Hobbs et al., 2020; Jimenez-Zarco et al., 2013;
Latorre et al., 2017; Meseguer-Martinez et al., 2021; Ribeiro et al., 2021; Xia et al.,
2017; Zeng et al., 2010).

Third, several papers provide information on the results and development dynam-
ics of an individual STP (e.g. Barbera & Fassero, 2013; Chou & Lin, 2007; Hommen
et al., 2006; Howard & Link, 2019; Hu, 2011; Ku et al., 2005; Kulke, 2008; Lee &
Yang, 2000; Miao & Hall, 2014; Phillips & Yeung, 2003; Yan et al., 2020; Zou & Zhao,
2014) or a group of STPs (Bakouros et al., 2002; Chorda, 1996; Eto, 2005; Kim &
Jung, 2010; Scott, 1990; Sofouli & Vonortas, 2007; Suzuki, 2004; Yang, Hsu, et al.,
2009; Yang, Motohashi, et al., 2009) in a territory, region or country. The importance is
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acknowledged of the historical and cultural contexts of these innovation intensive envi-
ronments (Roberts, 2005), and some papers focus on the historical and contextual evo-
lutions of STPs (Feldman, 2007; Kim et al., 2014; Mathews, 1997; Park, 2004; Shin,
2001; Zhou, 2005) and compare STPs in different countries (Bruton, 1998; Garnsey &
Longhi, 2004; GaSparikova, 1998; Huang & Fernidndez-Maldonado, 2016). With few

Environment and Planning A 370
Environment and Planning C-Government and Policy 4770
European Planning Studies 4 2
International Journal of Industrial Organization 370
International Journal of Technology Management 16 1

Journal of Evolutionary Economics 2"
Journal of Knowledge Management 1772
Journal of Small Business Management 2"
Journal of Technology Transfer 12 10
Journal of the Knowledge Economy ("3
R & D Management 4 1
Regional Studies 2"
Research Policy 8 1
Scientometrics 4 1
Small Business Economics 4 3
Technological Forecasting and Social Change 2] 6
Technology Analysis & Strategic Management 6 4

Journal

Technovation 27 1
Urban Studies 5 1

0 5 10 15 20 25
Number of papers

1987-2016 2017-2021

Fig.2 Papers by journal (Only journals with at least three publications are included; 13 journals have two
papers and 52 journals only one)
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exceptions (e.g. Brooker, 2013; Lewis & Tenzer, 1992), most of the cases analysed are
successful cases.

Fourth, the interest of policy-makers and industry leaders in identifying best practice
in the formation and operation of STPs has increased and several papers focus on indi-
vidual examples of best practice (e.g. Giaretta, 2014; Tan, 2006; Zhu & Tann, 2005) and
the transfer of best practice from one context to another (Wonglimpiyarat, 2010). Other
authors identify more directly the critical success factors for STPs (Berbegal-Mirabent
et al., 2020; Cabral, 1998;> Etzkowitz & Zhou, 2018; Khanmirzaee et al., 2021; Koh
et al., 2005; Xie et al., 2018; Yang, 2018) or focus on STP business model and strategy
(Bozzo, 1998; Durio et al., 2005; Hansson et al., 2005). Some recent papers emphasise
best management practices (Al-Kfairy & Mellor, 2020; Durak et al., 2021; Laspia et al.,
2021; Magalhdes Correia et al., 2021) and the role played by tenant expectations and
how STPs can modulate them (Lecluyse & Knockaert, 2020; Ng et al., 2021).

Fifth, many papers investigate the role played by STPs in the national and/or regional
economy, focusing on several aspects. These includes the role of STPs in fostering

5 Cabral (1998) develops a framework of critical success factors for STPs which has been applied to the
evaluation of BIORIO, Brazil (Dahab & Cabral, 1998), the Virginia Tech Corporate Research Center, USA
(Echols & Meredith, 1998) and the Kista Science Park, Sweden (Cabral, 2004).
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indigenous innovation capacities strategy and increasing regional technology growth
and competitiveness (Olcay & Bulu, 2016; Zeng et al., 2011; Zhang & Wu, 2012), in
encouraging technological entrepreneurship (Yu et al., 2009), in playing a bridging role
and facilitating knowledge transfer among various actors (Albahari et al., 2019; Balle
et al., 2019; Benneworth & Ratinho, 2014; Link & Scott, 2007; Meseguer-Martinez
et al., 2020; Steruska et al., 2019; Walcott, 2002; Wicaksono & Ririh, 2021), espe-
cially with universities (Aportela-Rodriguez & Pacios, 2017; Gan et al., 2021; Lofsten
et al., 2020; Phongthiya et al., 2021), in fostering open innovation (Silva et al., 2020),
in modernizing a country’s economy and innovation system (Chen et al., 2013; Phelps
& Dawood, 2014) and in financing technology (Scandizzo, 2005). When debating the
effect of STPs in regional economies, particularly interesting is the case of structur-
ally underdeveloped (del Castillo Hermosa & Barroeta, 1998; Grasland, 1992) and rural
(Goldstein & Luger, 1992) regions.

Sixth, the main reason for the existence and proliferation of STPs and for the amount
of public investment in STPs are the supposed benefits for tenant firms. Due to the impor-
tance of this topic for assessing the effectiveness of STPs, and the large number of papers
dealing with this issue, in what follows we focus our attention on research which uses ten-
ants as the unit of analysis, and, due to the idiosyncrasy of the research questions, we focus
mainly on papers that use quantitative methods.

4 Analysis of quantitative studies focusing on STP effect on tenant
firms

In this section, we analyse in depth quantitative papers dealing with the estimation of the
effects of the on-park location on tenant firms. In the first subsection, we provide a descrip-
tion of the sample used and the main methodologies applied, then in Sect. 4.2. we report
the effect found on three main dimensions: economic performance, innovation performance
and cooperation patterns. Section 4.3. presents the results of a regression analysis, done to
identify whether the effects found are sensitive to the samples and methodologies used.

4.1 Samples and methods

Table 10 (Annex 2) provides a list of the quantitative papers included in the analysis. We
observe that they include a large variety of samples and methodologies. However, it is
possible to make some general comments. Many of the samples are based on comparing
groups of on-park firms to comparable groups of off-park firms, to assess whether their
results differ. The comparability criteria are usually based on several firms’ characteristics
(such as firm age, size, industry sector, innovation effort, etc.). Others compare the (within)
performance of firms during location in an STP against either after leaving the park or
before joining it,’ while some other studies no do not employ any comparability criteria.

It can be seen that, with some notable exceptions, most studies rely on small park and
firm samples (see Annex 2). Also, regression analysis tends to be the preferred methodol-
ogy if larger datasets are available, but mean comparisons between on- and off-park sam-
ples are also frequent.

® Ferguson (2004), Squicciarini (2009, 2008) and Liberati et al. (2016) use this method.
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An important limitation of many of these studies and one that many researchers ignore,
is the selection bias problem. That is, that firms located in an STP may, a priori, be dif-
ferent from off-park firms due to unobserved factors. Failing to address these sources of
endogeneity can result in biased results. For example, in an assessment of whether on-
park firms collaborate more with academia compared to off-park firms, it might be that
the on-park firms have a stronger taste for science (which would emerge even were they
located outside an STP). Ignoring this source of unobserved heterogeneity in the analysis
could result in the finding that on-park firms collaborate more with academia, which, in
turn, would be considered the result of on-park location. Few studies, mostly recently (e.g.
Hasan et al., 2020; Koster et al., 2019; Liberati et al., 2016; Ramirez-Ales6n & Fernandez-
Olmos, 2018; Siegel et al., 2003a; Squicciarini, 2008; Ubeda et al., 2019; Vasquez-Urriago
et al., 2014, 2016a; Xue & Zhao, 2021; Yang, Hsu, et al., 2009; Yang, Motohashi, et al.,
2009), apply econometric methods to address the selection bias problem.

4.2 Type of effects analysed

Papers aimed at assessing the impact of on-park location on tenants focus mainly on three
main dimensions (Fig. 5): firm’s economic performance, tenants’ innovation and firm’s
patterns of cooperation, especially with universities and other research centres.

4.2.1 Economic performance

Table 3 presents the most frequent variables used to assess the impacts of STPs on the eco-
nomic performance of park firms. A few papers deal with the effects of STPs on firms’ eco-
nomic performance. The main indicators are employment and sales growth, productivity
and profitability. In relation to employment, Lofsten and Lindelof (2001, 2002, 2003) find
that on-park firms show substantially higher rates of job creation than firms in the off-park
sample. This result is confirmed by Colombo and Delmastro (2002), Diez-Vial and Fernan-
dez-Olmos (2017a) and Koster et al. (2019). However, Ferguson, (2004) argues that STPs
can have positive effects on the employment growth of tenant firms only up to a certain
point, while on-park location is a limiting factor for firms entering a development period
characterised by high-growth. This latter result is refuted by Arauzo-Carod et al. (2018);
while finding a negative average effect on employment growth and sales growth, they show

7 In a different paper, Diez-Vial & Fernandez-Olmos (2017b), use a different methodology and find no sta-
tistically significant effects on employment or sales growth.
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Table 3 STPs impacts on economic performances

Paper Employment Sales Productivity Profitability
Arauzo-Carod et al. (2018) (=) (=)

Colombo and Delmastro (2002) (+)

Diez-Vial and Fernandez-Olmos (2017a) (+) (+)

Diez-Vial and Fernandez-Olmos (2017b) (ns) (ns)

Hasan et al. (2020) (+)

Hu (2007) (ns)

Koster et al. (2019) (+) (ns)* 4+

Lamperti et al., (2017) (ns)

Liberati et al. (2016) (+) (ns)
Lindelof and Lofsten (2002) (+) (+) (ns)
Lindelsf and Lofsten (2003) (ns)
Lofsten and Lindelof (2001, 2002) (+) (+) (ns)
Lofsten and Lindelof (2003) (+)

Zhang and Sonobe (2011) (ns)

(+) positive significant effect at 10%; (—) negative significant effect at 10%; (ns) no significant effect.
Where different specifications of the econometric models yield to different sign/significance of the effect,
we report the most frequent result

“Equally frequent results

that STPs are more beneficial for high-growth firms (see Sect. 5). Additionally, Cumming
et al. (2019) find parks have a positive impact on start-ups survival rate.

The three papers by Lofsten & Lindeldf also find that on-park firms record substantially
higher sales growth compared to the off-park sample and this finding is confirmed by Lib-
erati et al. (2016) and Diez-Vial and Ferndndez-Olmos (2017a). However, Lamperti et al.
(2017) find no statistically significant differences between on- and off-park samples.

Sung et al. (2003) and Fernindez-Alles et al. (2015), from a more qualitative per-
spective, report on-park managers’ opinions on the effect of the on-park location on firm
growth. Sung et al. find that STPs have a very small influence on firm growth, but Fernan-
dez-Alles et al. conclude that STPs are perceived by Academic Spin-Off (ASO) managers
to be important for the initial establishment of an ASO, but becomes redundant as the firm
achieves maturity.

In relation to productivity, Hu (2007) finds that Chinese STPs do not help firms to
achieve higher labour productivity growth, and Zhang and Sonobe (2011) suggest that
this result can be explained by congestion effects in STPs that likely outweigh the positive
effects of agglomeration economies in relation to labour productivity. The recent papers by
Hasan et al. (2020) and Koster et al. (2019) find a positive effect of STPs on global firm
productivity. Koster et al. (2019) also show employees of on-park firms have higher wages.

Finally, In the case of profitability, there is no clear evidence of better performance of
on-park firms (Liberati et al., 2016; Lindelof & Lofsten, 2002, 2003; Lofsten & Lindeldf,
2001, 2002).

4.2.2 Innovation performance

Evaluation of the on-park effect on firms’ innovative performance has attracted the
attention of several researchers, suggesting that STPs have an impact on innovation
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performance. However, again, the empirical evidence is contrasting over all the dimensions
considered, which deal with the park effect on innovation inputs (R&D intensity and work-
force quality), outputs (patenting activity and new product development and sales), and
R&D productivity.

Table 4 presents the most frequent variables used to assess innovation performance and
the sign of the effect found.

4.2.2.1 Inputs In the case of the inputs to the innovation process, Fukugawa (2006), Yang,
Motohashi, et al. (2009), Yang, Hsu, et al. (2009), Diez-Vial and Fernandez-Olmos (2015),
Lamperti et al. (2017) and Xue and Zhao (2021) show that on-park firms are more R&D
intensive than off-park firms, while Westhead (1997) and Colombo and Delmastro (2002)
do not find a positive correlation between on-park location and R&D intensity. There is also
contrasting evidence related to workforce quality (measured as the percentage of researchers
and engineers in the total workforce) (see Table 4).

4.2.2.2 Outputs Studies that consider the outputs of the innovation process focus mainly
on assessing the park effect on patents, new product development and innovation sales. A
positive impact on the number of patents filed has been found by Squicciarini (2008), Huang
et al., (2012), Lamperti et al., (2017) and Corrocher et al. (2019).2 Corrocher et al. (2019)
also find that STP location increases the likelihood of patenting. Other authors (Chan et al.,
2011; Colombo & Delmastro, 2002; Liberati et al., 2016; Lindelof & Lofsten, 2002, 2003;
Lofsten & Lindelof, 2002; Squicciarini, 2009; Westhead, 1997) find no statistically signifi-
cant differences between on- and off-park firms. In the case of new product development
and sales, some studies find a positive effect (Chan et al., 2011; Claver-Cortés et al., 2018;
Diez-Vial & Fernandez-Olmos, 2015; Siegel et al., 2003a; Ubeda et al., 2019; Véasquez-
Urriago et al., 2014, 2016b), while others report non-significant effects (Felsenstein, 1994;
Lindelof & Lofsten, 2002, 2003; Lofsten & Lindelof, 2002; Radosevic & Myrzakhmet,
2009; Ramirez-Alesén & Fernandez-Olmos, 2018; Westhead, 1997). Montoro-Sanchez
et al. (2011) find that knowledge spillovers have a stronger effect on innovation and R&D
cooperation in the case of on-park firms.

4.2.2.3 R&D productivity Finally, some papers assess the effect of on-park location on
R&D productivity, taken account of both the inputs to and outputs of the innovation process.
Siegel et al. (2003b) define an R&D production function with three possible R&D outputs
(number of new products/services launched; number of patents applied for or awarded, and
number of copyrights granted) and two R&D inputs (R&D expenditure and number of sci-
entists and engineers). They find that on-park firms achieve slightly higher research produc-
tivity than the equivalent off-park sample. This finding is confirmed by Yang, Motohashi,
et al. (2009), Yang, Hsu, et al. (2009), but is rejected by Westhead (1997).

8 Siegel et al. (2003b) find a positive effect on no. of patents, although when they control for endogeneity
bias, the magnitude is quite small.
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4.2.3 Cooperation patterns

Various researchers evaluate the park effect on the cooperation patterns of tenant firms,
with both other on-park and with off-park organisations, especially with universities.’

The proximity that an on park location provides to other on park firms is part of the
added value provided to tenants, since it can facilitate interaction among firms. However,
studies that analyse this issue explicitly (Chan et al., 2010; Radosevic & Myrzakhmet,
2009) find that on-park firms are more likely to collaborate with off-park firms than with
other park firms. Vasquez-Urriago et al. (2016a) show that on-park location increases the
likelihood of cooperation and increases the intangible benefits of cooperation. '

A common objective among all STPs is fostering knowledge and technology transfer
between universities and industry (Link & Scott, 2006; Storey & Tether, 1998). The type
and extent of the interactions between tenant firms and universities or public research cen-
tres has been widely investigated with inconclusive results (Table 5).

Some studies find a non-significant effect of on-park location on the establishment of
links between firms and universities. Quintas et al. (1992) suggest that the extent of the
research links between academic institutions and STP firms appears to differ very little
from the links to academia of similar firms located outside a park. This result is confirmed
by Malairaja and Zawdie (2008), who demonstrate that the level of interaction between
firms and universities generally is robust, but that there are no statistically significant differ-
ences between on- and off-park firms. Somewhat surprisingly, Radosevic and Myrzakhmet

Table 5 STPs impacts on cooperation behaviour of tenant firms

Paper Cooperation with ~ Cooperation Extent of inter-  Joint
other on-park actions with research
firms HEIs with HEIs

Colombo and Delmastro (2002) (+) (+)

Chan et al. (2010) (ns)

Diez-Vial and Fernandez-Olmos (2015) (+)

Felsenstein (1994) (+)

Fukugawa (2006) (+)

Lofsten and Lindelof (2002, 2003) (+) (+)

Malairaja and Zawdie (2008) (ns)

Minguillo et al. (2015) (+)

Quintas et al. (1992) (ns)

Radosevic and Myrzakhmet (2009) (ns) (ns)

Vasquez-Urriago et al. (2016a) (+) (+)

Vedovello (1997) (+) (ns)

Westhead and Storey (1995) (+)

(+) positive significant effect at 10%; (—) negative significant effect at 10%; (ns) no significant effect.
Where different specifications of the econometric models yield to different sign/significance of the effect,
we report the most frequent result

9 In this section, the term universities includes other HEIs and research centres.
10 However, they find no relevant effect on the economic returns from cooperation.
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(2009) find that the propensity to establish links with universities is stronger in the off-park
sample.

Other authors find a positive effect of on-park location on the patterns of collabora-
tion with universities. Felsenstein (1994) shows that the level of interaction between on
park firms and local universities is generally low, but is higher than the levels of interac-
tion between off park companies and universities. Vedovello (1997) concludes that STPs
facilitate the establishment of informal links, but have no influence on firms’ capacities to
establish formal links to universities. Phillimore (1999) suggests that consideration should
be given to both formal and informal collaboration when evaluating the effects of STPs on
the propensity to cooperate. However, there is also some evidence that on-park firms show
a higher propensity to establish formal links and engage in joint research with research
institutes (Colombo & Delmastro, 2002; Diez-Vial & Fernandez-Olmos, 2015; Fukugawa,
2006; Lofsten & Lindelof, 2002, 2003; Minguillo et al., 2015). Caldera and Debande
(2010), adopting a university perspective, determine that universities with STPs generate
more R&D income.'

A possible explanation for these contrasting findings is that, in some cases, managers
may choose to locate on-park to obtain prestige and image of such a location, obtain access
to university facilities and benefit from prestige endowed by a link to a university (Phillips
& Yeung, 2003; Westhead & Batstone, 1998). None of these reasons indicate the need
for a formal link between the firm and a university. On the other hand, there is a stream
of literature that analyses the importance for parks and their tenants to be geographically
close to a university. Link and Scott (2003) find a direct relationship between geographi-
cal proximity between the park and a university, and the park’s employment growth. In
the case of a formal relationship between park and university, university managers expect
enhanced research output (e.g., publications and patents) and increased extramural fund-
ing. Geographical proximity to a university also has a positive effect on the proportion of
university spin-offs in the park (Link & Scott, 2005). In fact, STPs seem to be particularly
important for the creation of ASOs (Lindelof & Lofsten, 2005), which might explain why
on-park firms’ managers seem to give more importance to geographical proximity to a uni-
versity than managers of off-park-firms (Dettwiler et al., 2006).

4.3 Regression analysis

The previous section shows that clear conclusions about the effect of STPs on firms are
difficult to draw. For almost every dependent variable, we can find studies that show a posi-
tive effect and studies that find no significant effect of STPs on firms. These mixed results
has been highlighted by other literature reviews (e.g., Hobbs et al., 2017a; Lecluyse et al.,
2019).

In this section, we want to analyse if these mixed results can be explained by methodo-
logical differences across studies and by the different contextual factors of the analysis.

On the one hand, one potential explanatory factor for the mixed results is the sample
size. We expect that papers that use larger samples are more likely to achieve a positive
and significant STP effect. The reason is that statistical significance crucially depends on

" Which it can reasonably be supposed to come from contracts with on-park firms, although this is not
specified in the paper.
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sample size (ceteris paribus, smaller samples result in larger standard errors, which, in
turn, lead to larger p-values and, accordingly, less statistical significance).

On the other hand, we expect that papers using just mean comparisons between on- and
off-park firms are more likely to yield a positive STP effect. This is due to the endogeneity
of STP location. Firms that decide to locate on-park must pass the scrutiny of the park’s
management, whose admission criteria are based mostly on the viability of the business
idea and the firm’s growth potential. Thus, we can expect on-park firms to be, at least to
some extent, ‘better’ than off-park firms so that the simple comparison will overestimate
the STP effect. One way to address this situation is to control for firm characteristics, such
as size, R&D intensity or industry, (that is, using ‘conditional mean differences’). However,
it may well be that on-park firms may be different from off-park firms in some unobserved
characteristics. If this is the case, the differences in the conditional means would also over-
estimate the STP effect and other methods such as instrumental variables or differences in
differences should be used to get consistent estimates of the STP effect.

In this section, we conduct a statistical analysis of the quantitative studies of STP impact
on tenants. We identified 38 studies dealing with this topic, with 148 estimations of STP
impact on any tenant output. Of these 148 observations, 92 (62.16%) yield a (statistically
significant) positive effect of STPs with 56 (37.84%) showing no (statistically significant)
positive effect.'?

The objective of this statistical analysis is to analyse whether there are systematic rela-
tionships between the results of the studies and their characteristics. More precisely, we
will consider four characteristics: sample size, statistical method, time period and geo-
graphical area.

First, we define sample size as the logarithm of the number of firms located on park in
the study (Isampleon). The median study uses only 134 on-park firms, with some studies
using a large number of firms which results in a mean value of 326.8 on-park firms.

Second, we define three dummy variables according to the methodology used: mean-
diff, which takes the value of 1 for those analyses reporting unconditional mean differences
between tenants and firms outside parks (14 estimates, 9.46%), cmeandiff, which takes the
value of 1 for those reporting conditional mean differences, because they use either mul-
tiple regression models or matching procedures (104 estimates, 70.27%) and endog which
takes the value of 1 for those that use some other method to address endogeneity such as
instrumental variables or differences in differences (30 estimates, 20.27% of estimates).

Third, we are also interested in analysing whether the STP effect shows some kind of
trend. To do this, we defined a dummy variable (0ld) to identify studies based on pre-
2005 data. This cut-off point was chosen because it results in samples of almost equal size
(45.3% estimates using pre-2005 data and 54.7% estimates using post-2005 data).

Fourth, we define three dummy variables for the countries more represented in our sam-
ple: spain which takes the value of 1 for those analysis using Spanish data (39 estimates,
26.35%), italy, which takes the value of 1 for those analysis using Italian data (29 esti-
mates, 19.6%) and sweden, which takes the value of 1 for those analysis using Swedish
data (28 estimates, 18.9%).

Table 6 presents the results of this analysis. We employ a probit model and report mar-
ginal effects at the mean. Columns (1) and (2) focus only on the technical characteristics
of the studies (sample and methodology) and Columns (3) and (4) include also the time

12 Only 3 specifications yield (statistically significant) negative estimates. In the subsequent analysis, they
are included in the group of specifications with non statistically significant positive estimates.
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period and the countries. Columns (1) and (3) report robust standard errors and Columns
(2) and (4) report standard errors clustered by paper.

First, we observe that, as expected, the sample size is positively correlated to the likeli-
hood of a (positive and statistically significant) effect of STPs. This result is very signifi-
cant from a statistical point of view. We can see in Fig. 6 that the probability of finding a
positive and significant STP effect increases very fast with sample size. It should be noted
that with samples larger than 350 STPs firms the likelihood of finding a positive and sig-
nificant STP impact is above 70% and with samples larger than 800 firms is above 80%.
However, with samples lower than 50 on-park firms the likelihood of finding a positive and
significant STP effect is below 50%. The main reason for that is the statistical significance
depends on the ratio between the estimated coefficient (usually positive) and the estimated
standard deviation for that coefficient (the standard error). That is, statistical significance
inversely depends on the sample size. It should be highlighted that most of the reviewed
studies deal with very small sample sizes of STP firms (only 20% of analyses deal with
samples larger than 500 on-park firms). The fact that small sample size reduces statistical
power (the ability to detect effects that actually exist in the population) is well known in
statistics and seems to be the main driver behind the contradictory evidence on STP effect.

Second, regarding the effect of the method employed, we observe that, on the one hand,
studies using unconditional mean differences show a positive non-significant coefficient (the
reference group is studies based on conditional mean differences), supporting the idea that, to
some extent, these results may reflect the self-selection of better firms into STPs. However, if
this self-selection is addressed with more adequate methods, the coefficient remains positive
and non-significant (again, compared to the reference group of studies using conditional mean
differences). At first sight, these results seem striking. However, a closer examination of analy-
ses using conditional mean differences (usually employing multiple regression models) shows
that they often employ the types of covariates that are considered ‘bad controls’ (Wooldridge,
2005) because they are also potential channels for STP effects. For example, if STPs are able
to increase the R&D intensity (or cooperation activities) of tenants, and R&D intensity (or
cooperation activities) influence the output measure (such as productivity or sales from new
products), then holding R&D intensity (or cooperation activities) constant when estimating
the STP effect will result in the STP effect being underestimated. This applies to most studies
that employ multiple regression models.

Third, we find that the age of the study has a small, positive and non-significant coefficient,
suggesting that the STP impact has not substantially varied over time.

Fourth, we do not find statistical evidence of inter-country differences in the STP effect.
The coefficients for Spain and Italy are positive but non-significant while the coefficient for
Sweden is negative but also non-significant.

So far, our analysis has employed a broad definition of STP output. In what follows, we adopt
a stricter definition, which excludes indicators that, actually, are inputs for firms (e.g., R&D
investment or cooperation with universities). This provides a sample of 109 observations, of
which 64 (58.7%) show a (statistically significant) positive effect of STPs and 45 (41.3%) do not.

Table 7 (which is organised similar to Table 6) presents the results of the analysis, which
are similar to those described above. That is, our results are not dependent on a broader or nar-
rower definition of output.
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Table 6 STP Effect on tenants.

1 2 4
Any output )] (@) 3 “
Anyoutput  Anyoutput  Anyoutput  Anyoutput
Isampleon 0.116™" 0.116™ 0.130™ 0.130"
[0.037] [0.043] [0.049] [0.044]
Endog (d) 0.067 0.067 0.059 0.059
[0.102] [0.090] [0.109] [0.088]
Meandiff (d)  0.029 0.029 0.003 0.003
[0.123] [0.176] [0.135] [0.197]
Old (d) 0.098 0.098
[0.132] [0.116]
Spain (d) 0.103 0.103
[0.129] [0.141]
Italy (d) 0.110 0.110
[0.111] [0.096]
Sweden (d) —0.082 —0.082
[0.137] [0.177]
N 148 148 148 148

Probit models are used and we report marginal effects at the mean.
Columns (1) and (3) report robust standard errors and Columns (2)
and (4) report standard errors clustered by paper

5 Heterogeneous effects

In the previous sections, we reported evidence of the average effects of on-park location.
However, the effects of on-park location may differ for firms with different characteris-
tics and, in addition, some park characteristics are more likely to provide tenant firms
with added value. Authors that consider only average effects, ignore the possibility of
heterogeneous effects, which may be one of the reasons behind the mixed evidence in

T T T T
0 500 1000 1500 2000
sample on

® Pr(anyoutputy —— predicted pranyoutput

Fig.6 Relationship between finding a positive STP effect and sample size
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the literature, as suggested by Albahari (2015, 2019). In this section, following the sug-
gestions of Henriques et al (2018) and Lecluyse et al., 2019), we review papers explic-
itly considering firm- and park- characteristics when assessing the impact of the on-park
location on tenants.

Tables 8 and 9 include quantitative papers that take account of park and tenant charac-
teristics respectively, and their main findings. It can be seen that, both park and tenant char-
acteristics might be affecting the added-value to firms of on-park location. This supports
the hypothesis that some parks are more effective and that some firms benefit more from
being located in an STP.

5.1 Park characteristics

In the case of park-level heterogeneity, park age is a frequently considered variable. It has
been found to have a positive effect on sales (Liberati et al., 2016), R&D efficiency (Yang
& Lee, 2021) and number of university spin-offs within the park (Link & Scott, 2005). Its
effect on patents is not clear, with both positive (Teng et al., 2020) and negative (Squic-
ciarini, 2009) effects found. Albahari et al. (2018) show park age has a non-linear effect
on tenants’ innovation performance, with firms in younger and older parks outperforming
firms in medium-aged parks. Lamperti et al. (2017) find a positive, but not statistically
significant effect of park age on patenting activity of firms and a negative (non-significant)
effect on tenants’ propensity to invest in R&D.

There is consensus in the literature about the importance of links to renowned and
dynamic research universities (Bigliardi et al., 2006; Cabral, 1998; Harper & Georghiou,
2005; Ramasamy et al., 2004; Ratinho & Henriques, 2010; Yang, 2018), and access to
diverse and talented human resources (Cabral, 1998; Harper & Georghiou, 2005; Koh
et al., 2005; Lofsten et al., 2020; Ramasamy et al., 2004). The level of involvement of
universities in the park is considered explicitly in some quantitative studies. Yang and Lee
(2021) find parks with closer R&D collaborations with HEIs have greater R&D efficiency.
Albahari et al. (2017) found a positive effect on tenants’ patenting activity, but a negative
effect on innovation sales, while Teng et al. (2020) show a negative effect on both num-
ber of patents, in line with Squicciarini (2009), and on innovation sales. Arauzo-Carod
et al. (2018) show a positive effect on sales and employment growth, while Link and Scott
(2005) found no significant effects on the number of university spin-offs companies cre-
ated, although they show that a greater geographical distance from a university has a nega-
tive effect. The number of universities linked to the park has a positive effect on tenants’
patenting activity and a not statistically significant effect on tenants’ propensity to invest in
R&D (Lamperti et al., 2017).

Park size has been shown to have a positive effect on firms’ innovation sales (Alba-
hari et al., 2018), patenting activity (Squicciarini, 2009) and R&D efficiency (Yang & Lee,
2021). Cadorin et al. (2021) find that park size has a positive impact on a composite indica-
tor of the success of tenants.

The level of specialization of STPs affects positively the propensity to cooperate with
other tenants (Kocak & Can, 2014), invest in R&D (Lamperti et al., 2017) and sales growth

@ Springer



A. Albahari et al.

Table 7 STP Effect on tenants.
True output

(6] (@) 3) “)

Trueoutput  Trueoutput Trueoutput Trueoutput

Isampleon 0.1417" 0.141°" 0.130"™ 0.130™
[0.047] [0.046] [0.057] [0.052]
Endog (d) 0.163 0.163 0.147 0.147
[0.106] [0.099] [0.114] [0.100]
Meandiff (d)  0.095 0.095 0.095 0.095
[0.173] [0.195] [0.178] [0.212]
0ld (d) —0.093 - 0.093
[0.167] [0.151]
Spain (d) —0.045 —0.045
[0.159] [0.173]
Italy (d) —0.044 - 0.044
[0.152] [0.102]
Sweden (d) - 0.051 - 0.051
[0.178] [0.214]
N 109 109 109 109

Probit models are used and we report marginal effects at the mean.
Columns (1) and (3) report robust standard errors and Columns (2)
and (4) report standard errors clustered by paper

(Gwebu et al., 2019)," although Liberati et al. (2016) found a negative effect of degree of
park specialization on tenants’ sales.

The characteristics of the region in which the parks are located influence the park effect
(Poonjan et al., 2020). Albahari et al. (2018) show that firms in less technologically devel-
oped regions benefit more from being on-park.

Other park characteristics that have been shown to modulate the park effect are num-
ber of research centres (Lamperti et al., 2017), presence of very large companies (outliers)
(Squicciarini, 2009), park ownership type (public/private) (Liberati et al., 2016), the qual-
ity of human capital (Yang & Lee, 2021), the number of co-located firms that share related
and complementary business activities (Gwebu et al., 2019), and management company
size (Albahari et al., 2018).

5.2 Firm characteristics

When firm-level heterogeneity is considered, authors consider the possibility that some
firms benefit more than others from being located on-park. Tenants’ size is one of the
most studied variables. Park location seems more beneficial for small firms in terms of
sales (Liberati et al., 2016), patenting activity (Huang et al., 2012) and innovation sales
(Vasquez-Urriago et al., 2016b), although Huang et al. (2012) found that larger firms ben-
efit more than smaller firms in relation to market performance (measured as market share)
from the on-park location. Arauzo-Carod et al. (2018) employ percentile regression and
show that park location has a positive effect on sales and employment growth only in the
case of high-growth firms.

13 Gwebu et al. (2019) find a positive effect of the tenant-park alignment (a dummy variable coded as 1 if
the tenant firm shares business focus with the park and otherwise 0), which is more likable to occur in spe-
cialized parks, on sales growth against peers.
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Table 9 Papers considering firm characteristics. Main findings

Paper

Park effect on:

Firm characteristics

Diez-Vial and Fernandez-Olmos
(2015)

Diez-Vial and Fernandez-Olmos
(2017b)

Percentage of sales from new
products

Employment growth
Sales growth

Previous collaboration con HEIs
(+) Internal R&D (+)

Amount of internal R&D" (+)
Amount of internal R&D" (+)

Diez-Vial and Fernandez-Olmos ~ Employment growth Industry maturity **
(2017a) Age (-)
Sales growth Industry maturity”™
Age (=)
Sales from new-to-the-market Industry maturity (—)
products Age ()
Sales from products new-to-the-  Industry maturity (—)
firm Age (-)
Huang et al. (2012) Patents Size (—)
Market share Size (+)

Kocak and Can (2014) Cooperation with tenants Same size (ns)
Attendance to park’s activities (+)
Time managers spend on-park (+)

Managers’ brokerage effort (ns)

Liberati et al. (2016) Sales Size (-)
Age (+)
Vasquez-Urriago et al. (2016b) Sales from new-to-the-market Size (-)
products Innovation effort (inverted
U-shape)

(+) positive significant effect at 10%; (—) negative significant effect at 10%; (ns) no significant effect.
Where different specifications of the econometric models yield to different sign/significance of the effect,
we report the most frequent result

“Only non-low-technology firms; low-technology firms show no effect

““The authors find industry maturity has a non-linear effect on firm growth (in both employment and sales),
with firms in less mature and more mature industries benefiting from on-park location more than firms in
medium-mature industries

Tenant firm age seems also to have an effect. Liberati et al. (2016) show that older firms
benefit more from being on park in terms of sales, while Diez-Vial and Fernandez-Olmos
(2017a), who consider sales growth, employment growth and innovation sales, show that
parks have a stronger effect for younger firms.

The level of internal R&D seems to enhance the park effect in terms of employment and
sales growth (Diez-Vial & Ferniandez-Olmos, 2017a) and new product sales (Diez-Vial &
Fernandez-Olmos, 2015). Vasquez-Urriago et al. (2016b) show that firms that do not invest
in R&D do not benefit from park location, but that even a low level of internal innovation
effort results in high returns from park location.

A positive attitude from the firm’s managers to park activities and the time managers
spend on park daily, affect the relationships among tenants (Kocak & Can, 2014). Ng et al.
(2020) show that the perceived benefits sought by companies in STPs depend on the type
of company and this influences the perceived benefit of park attributes.

Other firm-level characteristics that have been demonstrated to moderate the park effect
include level of industry maturity (Diez-Vial & Fernandez-Olmos, 2017b) and experience
of previous collaboration with HEIs (Diez-Vial & Fernandez-Olmos, 2015).
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6 Conclusions and directions for further research

In this paper, we conducted a comprehensive and systematic review of the stream of work
on STPs. We focused especially on quantitative studies aimed at evaluating the added value
to firms of on-park location.

The interest of the academic community in STPs is rapidly growing, although the litera-
ture can be still considered at an embryonic stage (Hobbs et al., 2017a). Of the 221 papers
reviewed, 59 papers (27%) have been published in the last 4 years.

Quantitative studies focus essentially on evaluating the returns to firms of on-park loca-
tion, in relation to their economic performance, innovation performance and patterns of
cooperation with other firms and with universities. Our review shows that, in the case of
almost every variable studied, the evidence is contrasting. We conducted a regression anal-
ysis that shows that these contradictory results are mainly explained by the fact that studies
using a small sample size of on-park firms are less likely to find statistically significant
results. This finding may represent a key to go beyond the inconclusiveness of the literature
on STP effects found in other studies: the absence of evidence cannot be interpreted as evi-
dence of absence. We do not find a significant influence of the methodology employed, the
time period considered or the country analysed. Although there is a large body of schol-
arly research on assessing the value-added of STPs to tenant firms, we believe that more
empirical research is needed. Better datasets are becoming more available and this allows
researchers to employ larger sample sizes and methodologies aimed at dealing with the
endogeneity of STP location.

Some previous reviews on STPs (Henriques et al., 2018; Lecluyse et al., 2019) have
indicated the need to consider the heterogeneous effects of on-park location, i.e. some char-
acteristics of firms and parks make that some firms benefit more than others from on-park
location and some parks have a greater effect on firms than others. We have found 19 quan-
titative papers explicitly taking into account heterogeneous effects. The review in this paper
provides evidence of the existence of heterogeneous effects at both park and tenant firm
level over several dimensions, like firm size, age or R&D intensity and park size, age, links
with university or location. Only three of the papers reviewed conduct a joint analysis of
park-level and firm-level heterogeneity. We believe that taking into account simultaneously
firm and park characteristics would improve the matching and, consequently, increase the
effects of STPs.

Other future lines of research are suggested hereinafter. First, we believe we need to
better understand the channels through which the STP effect takes place; to this end, more
evidence is needed on the role played by the services provided by park management, by
the co-location with other on-park firms and the university and by image factors (e.g. park
location reducing investors’ perceived risks and increasing customers’ trust). Filling these
gaps would provide policymakers and managers with a better understanding of STPs. Sec-
ond, within the stream of research analysing the role of STPs in their regional innovation
systems, it would be useful to study the existence and extent of knowledge spillovers of
parks, on firms located nearby, but outside their perimeters. Finally, in many countries,
STPs are considered an important innovation and local development policy. Therefore, it is
crucial to compare their costs and effects with the costs and effects of other policies, such
as public venture capital programmes, technology grant/loan programmes, promotion of
technology transfer from universities and research centres, high-technology business incu-
bators, etc.
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Appendix 1: Definitions
Science and technology park

The most frequent STP definitions are provided by three important STP associations.

The United Kingdom Science Parks Association (UKSPA) defines an STP'* as a busi-
ness support and technology transfer initiative that: (1) encourages and supports the start-
up and incubation of innovation-led, high-growth, knowledge-based businesses; (2) pro-
vides an environment where larger and international businesses can develop specific and
close interactions with a particular centre of knowledge creation for their mutual benefit;
(3) has formal and operational links to centres of knowledge creation such as universities,
higher education institutes and research organisations (UKSPA, 2019).

The US Association of Universities Research Parks (AURP) states that an STPY is a
property-based venture, which: designs property appropriate for research and commer-
cialisation; creates partnerships with universities and research institutions; encourages
the growth of new companies; translates technology; and drives technology-led economic
development (AURP, 2019).

The International Association of Science Parks and Areas of Innovation (IASP) defines
an STP 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 com-
petitiveness of its associated businesses and knowledge-based institutions. To enable these
goals to be met, an STP stimulates and manages the flow of knowledge and technology
amongst universities, R&D institutions, companies and markets; it facilitates the creation
and growth of innovation-based companies through incubation and spin-off processes; and
provides other value-added services together with high quality space and facilities’ (IASP
International Board, 2002).

This last definition seems to be the broadest and includes existing STPs initiatives, espe-
cially with regard to the different levels of involvement of universities. The UKSPA defini-
tion reflects the fact that the development of STPs in the UK is the responsibility exclu-
sively of universities (Siegel et al., 2003b; Westhead & Storey, 1995). In other countries,
such as the US (Link & Scott, 2007), China (Wright et al., 2008), Japan (Fukugawa, 2006),
Spain and Italy (Albahari et al., 2013), a range of shareholders and founders have encour-
aged the formation of heterogeneous groups of parks (Phan et al., 2005; Westhead, 1997)
with no requirement for a formal university presence.

Although some authors highlight differences among STPs in specific geographic areas
or countries (e.g., Sternberg, (2004) for Germany; Chorda (1996) for France; Link and
Scott (2007) for the US; Siegel et al. (2003a) for the UK), all parks have some character-
istics in common. All are: (i) policy-driven agglomerations (Huang et al., 2012) normally
with well-defined perimeters; (ii) are designed to encourage the formation and growth of
knowledge-based businesses and other organisations normally resident on site; and (iii)
have a management function that is actively engaged in the transfer of technology and busi-
ness skills to on-site organisations.

14 The UKSPA definition refers to science parks.
15 The AURP definition refers to university research parks.
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Incubators

STPs and incubators are sometimes confused.
According to the United Kingdom Business Incubation (UKBI):

‘Business Incubation is a dynamic business development process. It is a term which
covers a wide variety of processes which help to reduce the failure rate of early stage
companies and speed the growth of companies which have the potential to become
substantial generators of employment and wealth. A business incubator is usually a
property with small work units which provide an instructive and supportive environ-
ment to entrepreneurs at start-up and during the early stages of businesses. Incuba-
tors provide three main ingredients for growing successful businesses—an entrepre-
neurial and learning environment, ready access to mentors and investors, visibility in
the marketplace’. (European Commission, 2002, p. 5).

In other words, an incubator provides resources (such as space, goals, marketing and
management expertise, structure and financing) to knowledge-intensive and technology-
intensive New Technology-Based Firms (NTBFs), to provide an environment for their start
up and growth (Chan & Lau, 2005; Lindelof & Lofsten, 2002; Lofsten & Lindelof, 2001;
Markman et al., 2008).

A specific difference between an STP and an incubator is the type of client organisa-
tions. STPs include both start-ups and early-stage companies (Markman et al., 2008)
whereas incubators focus on nurturing NTBF start-ups and providing various forms of
logistical support services and opportunities for collaboration (Oakey, 2007). Incubation
time has a limit (according to a European Commission (2002) study, 35 months on aver-
age), but there are no time limits on location in a park. Some developed countries dif-
ferentiate clearly between STPs and incubators, and have different national associations
devoted to each (e.g., respectively AURP and NBIA in the US, UKSPA and UKBI in the
UK, TEKEL and IAFIN in Finland, etc.).

Appendix 2

See Table 10.
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Appendix 3

See Table 11.

Table 11 Ten most cited papers (number of WOS citations as of February 2022)

Authors Year References Citations
Colombo and Delmastro (2002)  Research Policy, 31 (7), 1103-1122 346
Lofsten and Lindelof (2002)  Research Policy, 31 (6), 859-876 247
Chan and Lau (2005)  Technovation, 25 (10), 1215-1228 226

Siegel, Westhead and Wright  (2003)  International Journal of Industrial Organization, 21 160
9), 1357-1369

Vedovello (1997)  Technovation, 17 (9), 491-502 156
Storey and Tether (1998)  Research Policy, 26 (9),1037-1057 151
Tan (2006)  Journal of business venturing, 21 (6), 827-850 149
Caldera and Debande (2010)  Research Policy, 39 (9), 1160-1173 147
Link and Scott (2005)  Research Policy, 34 (7), 1106-1112 142
Lin and Tzeng (2009)  Expert Systems with Applications, 36 (6), 9683-9697 141
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