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Abstract

This paper shows that the effect of location in science and technology parks is not homo-
geneous for all firms. The proposed model contemplates a non-linear relationship between
belonging to a science and technology park and innovation performance, considering the
firm’s absorptive capacity as a moderating variable. A panel dataset of firms located both
in and off a park is created, and three main effects are identified. Pre-catching up firms
have a low absorptive capacity, and their location in a science and technology park does
not improve their innovation performance. Catching up firms have a medium absorptive
capacity and constitute the group that can be observed to benefit more by their presence in
a science and technology park. Additionally, pre-frontier sharing firms has a high absorp-
tive capacity; however, knowledge duplicity reduces the impact of science and technology
parks on their innovation performance. Findings arise practical implications for govern-
ments (how to assign public resources to parks?), managers of parks (how to select to the
firms of a park?) and managers who need to decide about the convenience of locating their
companies on a park (when my company is interested in locating in a park?).
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1 Introduction

Science and technology parks are an instrument that favours economic development both
regionally and nationwide through innovation systems (Link and Link 2003; Link and
Yang 2017). Authors such as Castells and Hall (1994) refer to three types of motivations
for the deployment of a science and technology park: reindustrialisation, regional devel-
opment, and the creation of synergies. The use of terms related to this phenomena varies
depends on the country. In United States is used research park; the term science park is
more prevalent in Europe, and the term technology park is more prevalent in Asia (Link
2009). In this paper we have used the term science and technology park (STP).

There is a growing interest on STPs that has materialized through the publication of
works in academic journals (Fukugawa 2006). In that sense, Hobbs et al. (2017a) analyse
87 papers published from 1986 through 2016, which have been grouped in five catego-
ries: theoretical and conceptual publications (10), literature reviews (5), case studies (34),
empirical studies (35) and papers related to park evaluation methods (3).

Hobbs et al. (2017a) find five literature review papers (Albahari et al. 2010; Link and
Scott 2007, 2015; Phan et al. 2005; Quintas et al. 1992; Siegel et al. 2003). Other papers
complete these reviews using bibliometric analysis methods (Diez-Vial and Montoro-
Sanchez 2017; Mora-Valentin et al. 2018).

According to Link (2009), empirical studies on STPs can be classified according four
dimensions: (1) factors affecting firm decisions to locate on STPs; (2) formation of uni-
versity parks and university performance; (3) firm performance of firms located on STPs;
(4) STPs and regional economic growth development. This paper is focused in the third
type of studies. In this context, the question as to whether firms located in STPs improve
their innovation performance has been raised. Accordingly, some studies analyse solely the
innovation performance of firms located in STPs, whereas others compare these indicators
between firms in and off STPs to gauge their impact on the performance of the firms that
they attract (Diez-Vial and Fernandez-Olmos 2017a, b; Lindel6f and Loftsen 2004; Squic-
ciarini 2008; Vasquez-Urriago et al. 2014; Yang et al. 2009).

The evidence available is not conclusive regarding the effect that STPs have on a firm’s
innovation performance. There are numerous reasons that can explain this lack of consen-
sus. First, the evidence uses different definitions, units of analysis (region, park, firms), and
metrics of innovation and firm performance. Second, although the case study is one of the
most widely used methods in research on STPs, this technique does not permit the extrapo-
lation of results or comparison with other studies (Salvador 2011). Regarding quantitative
empirical studies, there are major differences in the definition of the sample and in the
methods used, which means that the results cannot be compared or extrapolated (Vasquez-
Urriago et al. 2014). Furthermore, small samples of firms tend to be used, often involving
new start-ups, technology-based firms, or spin-offs located in STPs in the same country
and in regard to a cross-sectional study. Therefore, this study conducts a quantitative analy-
sis using a panel of 3844 firms with a total of 15,330 observations. Third, the quantitative
studies that use larger samples and controls tend to record problems of selection bias and
endogeneity that are not always properly addressed. Some exceptions are Diez-Vial and
Fernandez-Olmos (2017b) and Vasquez-Urriago et al. (2014), who employ different meth-
ods to account for selection and endogeneity problems. In this paper, a control function has
been used to solve the problem of self-selection bias.

Furthermore, many studies propound a linear relationship between belonging to an STP
and a firm’s innovation performance (Vasquez-Urriago et al. 2014), but we assume that the
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effect of being located in an STP is not homogeneous for all firms and that there is a non-
linear relationship between STP location and firm performance. In view of the above and
to delve further into the literature on STPs, the aim of this study is to analyse the effect of
belonging to an STP on a firm’s innovation performance, considering the firm’s absorptive
capacity as a moderating variable. The adaptation of the theoretical framework proposed
by Cohen and Levinthal (1989) makes it possible to realise two propositions. First, firms
need a minimum of absorptive capacity to exploit the learning opportunities from STPs,
thereby improving their technological innovation. Second, firms with a high absorptive
capacity have a knowledge duplicity problem, which reduces the value of knowledge pro-
vided by an STP and, therefore, the possibility of improving their technological innovation.
Thus, a non-linear moderator role of absorptive capacity is suggested. We use a threshold
regression to test these theoretical propositions.

After resolving the endogeneity bias, the results allow three firm profiles to be identified
according to their absorptive capacity, whereby the effect of belonging to an STP on inno-
vation performance depends on a firm’s absorptive capacity. The first group, denominated
pre-catching up firms, has a low absorptive capacity, and being located in an STP does not
improve the firms’ innovation performance. The second group, denominated catching up
firms, has a medium absorptive capacity, and it is the group that can be observed to benefit
more from having a presence in an STP. The third group is denominated pre-frontier shar-
ing firms; it has a high absorptive capacity, but knowledge duplicity reduces the impact of
the STP in its innovation performance.

The paper is structured as follows: the next section contains a theoretical review of the
literature on STPs, with the definition of a conceptual model that enables us to analyse this
effect. The third section describes the method for resolving the methodological issues that
have been identified in prior studies. The fourth section presents the paper’s findings and
discusses them. Finally, the paper’s fifth section presents its conclusions.

2 Theoretical framework

The International Association of Science and Technology Parks (IASP) considers that an
STP is an organisation managed by specialist professionals with the underlying remit of
increasing a region’s wealth and fostering a culture of innovation. STPs feature a series of
infrastructures that support firm innovation. Their function, in addition to providing a qual-
ity site, is to act as a technological nexus between science and the production environment
(Ondategui 2002) and to drive the competitiveness of firms and the knowledge-generating
institutions installed in, or associated with, the STP.

2.1 Previous research on STP and performance

Some studies have considered whether belonging to an STP is justified by its contribution
to innovation (Link and Scott 2007) or whether it is simply a strategic enclave in a specific
geographical location (Bakouros et al. 2002). Accordingly, an analysis has been conducted
to observe whether STPs are more innovative and perform better. Several authors have
argued that STPs may act as incubators to enable firms to transform basic research into
the development of technology and new products (Westhead 1997), provide access to firm
networks (Poon 1998), facilitate relationships with universities and other research centres
(Albahari et al. 2017; Diez-Vial and Montoro-Sanchez 2016; Hobbs et al. 2017a, b; Leyden
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et al. 2008; Link and Link 2003; Link and Scott 2003, 2006), and permit knowledge shar-
ing and the exploitation of spillovers or knowledge flows (Diez-Vial and Ferniandez-Olmos
2015; Link 2016; Montoro-Sanchez et al. 2011), and being located in an STP positively
affects product innovation by firms (Diez-Vial and Fernandez-Olmos 2015; Vasquez-Urri-
ago et al. 2014) and increases the likelihood of cooperation for innovation (Diez-Vial and
Fernandez-Olmos 2015; Vasquez-Urriago et al. 2016). All this may help improve a firm’s
research and development (R&D) performance.

Table 1 contains the different indicators used in the literature to measure the effect of
belonging to an STP on firm performance. Accordingly, we have evidence to confirm that
belonging to an STP has a positive impact on firm innovation (e.g., Albahari et al. 2017;
Diez-Vial and Fernidndez-Olmos 2017a; Felsenstein 1994; Lindelof and Loftsen 2004;
Siegel et al. 2003; Squicciarini 2008, 2009; Vasquez-Urriago et al. 2014). Nevertheless,
Huang et al. (2012) report the opposite effect for a sample of firms in Taiwan. Similarly,
the evidence provided by Chan et al. (2011), Colombo and Delmastro (2002), Lindelof
and Lofsten (2003), Motohashi (2013), Westhead (1997), and Westhead and Storey (1994)
does not find any significant difference in a firm’s innovation performance between being
located in or off an STP. Therefore, the previous literature on the relationship between an
STP and innovation does not prove or disprove the hypothesis that deployment in an STP is
an effective tool in innovation policy.

One of the reasons for the lack of consensus may lie in the major heterogeneity in the
size of samples, the control of endogeneity, and the variables used for measuring perfor-
mance. Table 1 shows how generic performance variables (growth in sales, performance,
productivity) and more specific variables linked to innovative performance are used.

In addition to the methodological differences noted above, contributions that focus on
analysing the role of variables that moderate the relationship between belonging to an STP
and the enhancement of innovation performance should be considered. In this sense, Diez-
Vial and Montoro-S4nchez (2017) “identify new research lines focusing on internal char-
acteristics of the firm, its strategy and knowledge, the importance of supporting entrepre-
neurs, and the key role that these locations can play in high-technology-based firms”. Thus,
Lindelof and Loftsen (2004) report that STPs may be viewed as learning centres, and they
note that scant attention has been paid to the transfer of knowledge in STPs (Chan et al.
2011). Specifically, Gordon and McCann (2000) stress that geographical proximity favours
the transfer of knowledge, and along the same lines, Chan et al. (2011) highlight the impor-
tance of the networks created in an STP (networking) as an aspect that favours inter-organ-
isational learning. Chan et al. (2011) include absorptive capacity as a decisive learning
factor in firms located in an STP, with its knock-on effect on innovation performance. Diez-
Vial and Fernidndez-Olmos (2017a) find that the benefits of belonging to a park depend of
the industry maturity and the age of the firms. In addition, Diez-Vial and Fernandez-Olmos
(2017b) analyse the effect that STPs have on firm growth at times of economic recession
and find that non-low-technology firms benefit more from being located on an STP during
a recession when firms are making internal R&D investments.

2.2 Absorptive capacity and firm innovation performance

One of the new approaches to studying parks is the knowledge-based view and strategy
(Diez-Vial and Montoro-Sinchez 2017). In this sense, the theory of dynamic capabilities
suggests that when firms cannot develop all their technological or market capabilities inter-
nally, they may supplement their learning by acquiring outside knowledge (Collinson and
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Wang 2012; Hoang and Rothaermel 2010). Furthermore, the speed at which they assimilate
and apply this knowledge will have an impact on their competitive advantages (Tzabbar
et al. 2013). Some authors have explained the relationship between organisational learning
and absorptive capacity (Gonzalez-Sanchez and Garcia-Muifia 2011; Jiménez-Barrionuevo
et al. 2011; Lane and Lubatkin 1998).

Cohen and Levinthal (1989) argue that absorptive capacity allows outside knowledge
to be integrated into the firm’s own knowledge, thus contributing to the development of its
innovation activity. Leiponen (2005) reports that absorptive capacity, created and accumu-
lated through internal R&D activities and the efforts of human capital, complements out-
side cooperation in R&D, which all favour innovation. Authors such as Gao et al. (2008)
contend that firms with a high absorptive capacity are more likely to innovate. This result
shows that absorptive capacity is essential for scientific knowledge, which, in turn, lays the
foundations for innovation (Chan and Pretorius 2007). Absorptive capacity has been con-
sidered a pivotal source of innovation success (Chang and Chob 2008). The more difficult
it is to reproduce or imitate a firm’s absorptive capacity and innovative capabilities, the
more successful the firm will be in its innovation outcomes. Firms with a well-developed
absorptive capacity and well-implemented relational learning mechanisms will be more
likely to pursue innovation. This, in turn, will lead to the achievement of long-term com-
petitive advantages (Cepeda-Carrién et al. 2012).

Our point of departure here is the model propounded by Cohen and Levinthal (1989),
where the learning of firm i is defined by the following function z;:

zi=mi+yi(92mj+T> (1)

J#

This equation enables us to identify two sources of knowledge: R&D activities (mi),
which inform the distinctive competencies of a technological nature, and the skill for
assimilating and exploiting the knowledge available outside the firm. We differentiate

between the intra-sectorial knowledge (ZJ i mj> provided by all other firms in the industry

and the extra-sectorial knowledge (T') provided by different institutions dedicated to inno-
vation, such as universities.

The level of knowledge appropriation (6) determines outside learning. If there is no pos-
sibility of appropriation (f = 0), then the industry’s knowledge will not be available for the
firm.

The skill that a firm has for identifying, assimilating and exploiting outside knowledge
is called absorptive capacity (Cohen and Levinthal 1989), which we represent in the fol-
lowing equation:

v =1 (m;. p) 0)

R&D (mi) facilitates learning from the environment; that is, it speeds up the appropria-
tion of outside knowledge' (y,, > 0), albeit with decreasing marginal returns (7,,,, < 0).
The tacit component of outside knowledge is defined by f, which is unclearly identified
and highly complex; thus, this learning has a high cost (Kogut and Zander 1992), which

! We use the following mathematical notation 7m, to express the partial derivatives: y,, = ;77 and, similarly,
_ %y
Ymm; = G-
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means that the knowledge-gathering process is less efficient (yﬂ < 0) .Learning tacit knowl-
edge requires an investment in R&D; thus, the greater the technological effort, the greater
a firm’s ability to incorporate knowledge with a higher level of complexity (}’,,,iﬂ > 0). It is
therefore posited that the increase in § increases the marginal effect of R&D on absorptive
capacity (Cohen and Levinthal 1989). Similarly, we defend the existence of a minimum
level of absorptive capacity (yT) if a firm is to be capable of appropriating intra-industrial
knowledge.

Within this context, one may assume that high technological capital implies a high
absorptive capacity. However, an increase in technological capital may present a duplica-
tion problem between the knowledge of firm i and all other firms j located in the STP (a)i:/-).
The notion of relative absorptive capacity permits the incorporation of knowledge duplica-
tion in the model. Along these lines, Lane and Lubatkin (1998) “reconceptualize the firm-
level construct absorptive capacity as a learning dyad-level construct, relative absorptive
capacity. One firm’s ability to learn from another firm is argued to depend on the simi-
larity of both firms’ (1) knowledge bases, (2) organizational structures and compensation
policies, and (3) dominant logics”. Therefore, knowledge duplication reduces the relative
absorptive capacity (yw < 0). This knowledge duplication reduces a potential knowledge
spillover and therefore the value of the knowledge available in the STP (Lane and Lubatkin
1998; Zahra and George 2002). This leads us to consider the concept of relative absorptive
capacity represented by the following expression:

Yij = v (m;. B, C%‘) 3)

We extend the function and incorporate the duplicity of knowledge that reduces the rela-
tive absorptive capacity (yl-j,m < 0). Doing so presents us with an interaction with contrast-
ing effects: on the one hand, an increase in R&D activities facilitates the assimilation of
external knowledge, but it increases knowledge duplication. Therefore, a greater techno-
logical effort does not necessarily mean more technological spillovers in the STP. The
higher a firm’s technological capability is, the lower the knowledge value of all other firms
in the STP. The knowledge duplicity generates a threshold <wl’;) above which an increase in

technological effort reduces the value of the knowledge available in the STP. The combina-
tion of both effects suggests the existence of a non-linear relationship between a firm’s
technological effort and its relative absorptive capacity:

ayi:/ . * *
om, 4 00 ‘ :
m; amt <aniJ>7; <CU;),

The business population is composed of n firms located off the STP and / firms located
on the STP. The learning of firm i on the STP is determined by the following expression:

n !
z;=m;+6 Z vim;+ 0 Z Yoy +virT
j=1 k=1 )
k#i#) k#i#]

where y, ;0m; represents the learning of firm i regarding the knowledge provided by firm
J located off the STP and, similarly, ¥;,0m, represents the learning of firm i regarding the
knowledge provided by firm k located in the STP. The paper’s central hypothesis posits
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that STPs facilitate the creation of social networks (Chan et al. 2011; Gordon and McCann
2000) that improve the conditions for knowledge appropriation ¥, > y,;. In other words,
firms on the STP have privileged access to the knowledge of all other firms located there,
which should improve their innovation performance.

If z; represents the knowledge of firm i and if it is off the STP, then the difference with
being on the STP represents the advantage of being on STP «;.

n+l
Z:, =m;+6 2 Yigmi +virT 6
z (©)
i#]
l
o =z—-7=0 2 (j}i,k - J/izl')mj
Z (N

k#i]

From this perspective, being located on an STP provides privileged access to specific
knowledge. Its value depends on a firm’s technological capital. First, we contend that a

firm should have a minimum technological capital m:r for the partial appropriation of the

knowledge of all other firms on the STP. This allows us to propound the existence of a first
type of firm with a paucity of technological capital, (y; < y)(m})) which should not

record a better innovation performance than firms of a similar nature located elsewhere.
We refer to these firms as pre-catching up firms (Fig. 1).

We analyse what occurs when firms exceed that minimum level of knowledge. To do so,
we estimate how the advantage of being located on the STP is affected by the firm’s tech-
nological capital:

ik F ¥ «
ooom | 0w (m) <r () ®)
i - - 4 i, %
e om S (0sr)ry (m?)
a )

Pre — frontier sharing Firms

Pre — catching up Firms
m; <m;

m; <m]

Catching up Firms
m;r <m; <mj

Fig. 1 Typology of firms
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Equation 8 proposes that technological capital has a non-linear effect on the STP’s con-
tribution to the knowledge generated by the firm, which is conditioned by its absorptive
capacity for assimilating the knowledge available on the STP without incurring problems

of knowledge duplicity <yl,+ <mj> <y <y (ml*) ) These firms have enough technological

capital to enhance their innovation performance by deploying on the STP. Furthermore, the
growth in their technological capital will increase the STP’s contribution to the firm’s
knowledge. We refer to these firms as catching up firms (Fig. 1).

We therefore propose the existence of a threshold for technological capital (m:‘) whereby
knowledge duplicity reduces the relative absorptive capacity (% < 0) and consequently
reduce an STP’s contribution to a firm’s innovation performance. In other words, the third
group would consist of firms with high technological capital, although knowledge duplicity
reduces the learning options and, therefore, the STP’s contribution to innovation perfor-

mance. This group is referred as pre-frontier sharing firms (Fig. 1).

3 Methods
3.1 Sample

The data come from the Technological Innovation Panel (PITEC) survey, conducted by
The Spanish National Statistics Institute (INE), for the 2008-2011 period. It is a panel sur-
vey for studying the innovation activities of Spanish firms. A sample of firms located on
an STP, in addition to a control sample of firms that are not, has been created. We have
chosen to use a panel composed for 3844 firms, of which 345 are on an STP. The sample
has 15,330 observations. We have included firms with three or more years to control the
different behaviours of start-up firms.

3.2 Variables
3.2.1 Dependent variable

In contemporary environments, the development of new products, services and processes
has become a fundamental requirement of innovations in organisations (Chen et al. 2012;
Tsai 2009). Damanpour (1991) conducts a meta-analysis that concludes that the number of
new products is a robust measure of innovation performance (Filatotchev et al. 2011). Inno-
vation performance has been measured by the percentage of new products over turnover for
the firm and market at time ¢ (Diez-Vial and Fernandez-Olmos 2015, 2017a; Filatotchev
et al. 2011; Ramirez-Ales6n and Fernandez-Olmos 2018; Siegel et al. 2003; Vasquez-Urri-
ago et al. 2014; Westhead 1997). This variable is a direct measure of innovation, i.e., it
measures the market introduction of a new product or service, in addition to its applicabil-
ity to all sectors, and it is a continuous variable (Kleinknecht et al. 2002).
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3.2.2 Treatment variable

A variable dummy for STPs is used; STP;, takes the value of 1 if firm i is on an STP at time
t 0 otherwise (Diez-Vial and Fernandez-Olmos 2015, 2017a, 2017b; Siegel et al. 2003;
Vasquez-Urriago et al. 2014).

3.2.3 Moderating variables

The model proposes that absorptive capacity has a moderating effect on innovation per-
formance. Innovations that lead to the creation of new products, services or processes,
or the modernisation of already existing products, services or processes, require valuable
resources that may sometimes be obtained by establishing relationships with the environ-
ment and with different providers of outside knowledge (Chen et al. 2014). The concept of
absorptive capacity has been linked to the availability of technological resources. In this
sense, it has been measured by R&D effort (Cohen and Levinthal 1989; Veugelers and
Cassiman 2005), the human capital endowment (Filatotchev et al. 2011) and the results
of innovation processes such as the development of new products (Cepeda-Carrion et al.
2012; Chen et al. 2012, 2014, Tsai 2009). In this paper, we have been developed a con-
struct through a factorial analysis (Table 2) that integrates into a factor the resources dedi-
cated to innovation (expenditure on R&D, number of PhDs and expenditure on R&D by
public funding), and to control for sectorial heterogeneity, we have divided it by the sector
average. We have included the variable of absorptive capacity lagged one period (Erickson
and Jacobson 1992).

3.2.4 Instrumental variables

The instrumental variables must explain the treatment decision, membership in an STP, but
it must not affect innovation performance. In this sense, Vasquez-Urriago et al. (2014) pro-
pose “the number of companies located in an STP as a percentage of the total companies
in the region in which the company is located”. Vasquez-Urriago et al. (2014) and Johans-
son and Loof (2008) find that regional factors do not determine the innovation capacity
of firms. However, the provision of affordable technological infrastructure for firms can
determine the decision to enter into an STP. We do not know the number the companies
located on an STP for each year. Thus, we have proposed different variables: the percent-
age of STPs located in each region (STPs available in a region/total number of STPs); the
ratio between the available square metres of STPs in a region and the total available square
metres of STPs in Spain; and a dummy variable for the region that identifies the region

Table2 Factorial analysis Variable Factorl Uniqueness
R&D 0.664 0.560
PhDs 0.667 0.555
Public funding 0.607 0.632
KMO 0.557
Bartlett test of sphericity 1272.077%%*%*
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in which the firms realise the innovation activity. When a firm develops innovation activ-
ity for more than one region, we select that in which the firm has the highest number of
employees. Only the last instrument gives an adequate design of the control function; the
rest of the instruments raise a collinearity problem.

3.2.5 Control variables

Several control variables have been considered to influence innovation performance. R&D
expenditure (R&D) is measured as expenditure on R&D/sales (Filatotchev et al. 2011; Lin-
delof and Loftsen 2004). The relative number of PhDs (PhDs) is measured as the number
of PhDs/number of employees (Colombo and Delmastro 2002; Filatotchev et al. 2011; Lin-
delof and Loftsen 2004; Westhead and Storey 1994) and public funding as the expenditure
on R&D funded by public organisations (Colombo and Delmastro 2002). Otherwise, coop-
eration is a dummy variable that takes the value of 1 if firms engage in collaboration for
innovation and zero otherwise (Colombo and Delmastro 2002; Diez-Vial and Fernandez-
Olmos 2015; Lindelof and Loftsen 2004; Vasquez-Urriago et al. 2014, 2016). Patents show
the number of patent applications (Lindelof and Loftsen 2004; Squicciarini 2008). Size is
measured as the logarithm of the number of employees (Diez-Vial and Fernindez-Olmos
2015, 2017a, b; Ferguson and Olofsson 2004; Squicciarini 2008), and age is measured as
the logarithm of the number of years since the firm’s foundation (Colombo and Delmastro
2002; Diez-Vial and Ferndndez-Olmos 2015, 2017b; Ferguson and Olofsson 2004; Lin-
delof and Loftsen 2004). Business group is a dummy that takes the value of 1 if the firm
belongs to a group and zero otherwise (Diez-Vial and Fernandez-Olmos 2017b; Squicciar-
ini 2008; Vasquez-Urriago et al. 2014, 2016). Finally, we consider the export activity, i.e.,
export/total sales (Diez-Vial and Ferndndez-Olmos 2017b), and the technological level of
sectors (a dummy variable for all 7 technological levels of sectors; Vasquez-Urriago et al.
2014), and we included a dummy for each year.

Table 3 summarizes the measure of variables and Table 4 presents the descriptive
statistics.

3.3 Empirical methods

In this paper, we estimate the moderating role of absorptive capacity in the relationship
between STP entry and improvement in technological innovation. For that purpose, we
have compared the technological performance of two groups of firms: “treatment group”
composed of firms located on an STP and a “control group” composed of firms located off
an STP. The effect of STP on technological performance has been tested by estimating the
Average Treatment Effect (ATE). However, this raises a selection bias problem, which has
been treated with a control function. Finally, we have proposed that the absorptive capacity
moderate the effect of STP on technological performance, and this moderation function is
non-lineal. In these sense, a threshold regression analysis allows us an adequate treatment
of the no-linearity. Also, the thresholds let us to identify objectively the three types of firms
proposed (Table 5).

3.3.1 Are firms located in STPs more innovative than firms located off STPs?

A “treatment group” composed of firms located on an STP and a “control group” com-
posed of firms located off an STP have been established. Some prior studies choose this
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Table 4 Descriptive statistics

Variables Obs. Mean S.D. Median Min. Max. Skewness  Kurtosis
NP 15,330 0.116 0.190 0.001 0.000 0.693 1.818 5.313
ABC 15,330  0.092 1.080 -0.259 -0427 26.281 1.167 8.368
STP per region 15,330  0.098 0.068 0.041 0.041 0.206 0.598 1.485
m? STPs per region 15,330 0.073 0.089 0.037 0.007 0.387 2.528 8.971
R&D 15,330  1.060 3.168 0.389 0.000 101.473 14.689 324.768
PhDs 15,330 1.303 6.468 0.000 0.000 242.075 12.819 262.574
Public Funding 15,330 1.184 2.701 0.000 0.000 91.520 8.450 199.648
Patents 15,330 0.0164  0.180 0.000 0.000 0.180 69.412 6430.439
Size 15,330  4.309 1.550 4.205 0.001 10,625 3.440 0.432
Age 15,330 3.131 1.080 3.135 1.386 5.733 0.074 2.610
Export 15,330  9.681 17.479 0.500 0.000 17.857 2.389 8.803

Table 5 Empirical methods summarizing

Problem Solution Models of analysis (results)
Are firms located in STPs more innova- A “treatment group” and a “con-  All models
tive than firms located off STPs? trol group”
Average Treatment Effect (ATE)
Endogeneity/selection bias Control function Table 9

Instrumental variables

Non-linear relationship Threshold regression analysis Specification C

methodological approach (Colombo and Delmastro 2002; Ferguson and Olofsson 2004;
Lindelof and Loftsen 2004; Squicciarini 2008; Vasquez-Urriago et al. 2014). The effect
of the location of firms on an STP can be estimated with the Average Treatment Effect
(ATE), which is the average of the difference between the outcomes of inside firms
E (Yl ilsrp— 1) and the outcomes that they would have obtained if they had been outside an
STP E (YOil STP=1 ) Perhaps E (Y()il STFI:I) is unobservable, which is why we seek a control
sample in which the outcome is E (Y0i|srp,=0)~ Thus, ATE = E(Y1i|STP,=1) - E(Y0i|srp,=0)-

3.3.2 Endogeneity/selection bias

The difference between ATE and ATE is the selection bias. If we can consider that the treat-
ment is assigned randomly, then ATE = ATE, and therefore, the selection bias is without
significance. However, it is possible that STPs attract firms with more highly skilled labour
(Colombo and Delmastro 2002; Westhead and Storey 1994) and with greater innovation per-
formance. Thus, it is difficult to conclude whether belonging to an STP makes a firm more
innovative or, by contrast, more innovative firms tend to congregate on STPs (Felsenstein
1994; Lindelof and Loftsen 2004). Therefore, there can self-selection into treatment (Siegel
et al. 2003; Squicciarini 2008; Todo et al. 2011). This bias has been called into question if
we consider that STPs tend to generate rents for ensuring their survival; the selection process
may be conducted more in response to criteria of financial solvency than in response to purely
scientific criteria (Felsenstein 1994; Westhead and Storey 1994). Furthermore, Squicciarini
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(2008) indicates that the effect on brand image (Westhead and Storey 1994) and the proximity
to suppliers and customers are the main reasons why firms deploy on an STP.

If there is a selection bias (Colombo and Delmastro 2002), then we can suppose that
a set of variables explains the decision to enter into an STP. In this case, we can assume
independence between the assignment of the treatment and the potential outcome. We sup-
pose conditional independence (Rosenbaum and Rubin 1983), which has been assumed
by a large part of the empirical evidence (Colombo and Delmastro 2002; Ferguson and
Olofsson 2004; Lindelof and Loftsen 2004; Squicciarini 2008). We hold that X is the set of
observable variables:

m
Y, =A+aSTP, + 2 B X + u; 9)
Jj=1

where @ measures the effect of membership in an STP on innovation capacity.

The variables determining the entry decision into an STP can be unobservable. These
variables may affect the entry decision and innovation capacity. In this case, the assump-
tion of conditional independence must be abandoned since the results of previous methods
would be inconsistent and biased. We have used a control function to solve the endogeneity
problem. In these sense, we included in the model the decision to enter into an STP:

STP;, = Z,y +¢&; (10)
where Z;, includes X;, and at least one instrumental variable that is correlated with STP;,
and uncorrelated with Y}, and ¢ reflect the unobservable factors (Tucker 2010).

The new model has been estimated by a two-stage procedure. In the first step, we esti-
mate Eq. 10 based on a probit model, we measure the entrance probability from an STP. In
the second steep, we estimate Eq. 9, but we include the generalised residuals of the probit
model (v, ):

Yy, =hy+aSTP; + Zﬂjxiz"‘)‘l”n""hz (11)
Jj=1

This identification is vulnerable to excessive disparity between the treated and untreated
groups, an inappropriate assumption of multivariate normality, or the quality of instru-
mental variable (Bascle 2008). The instrumental variables (IV) estimator is an alternative.
However, Yu (2013) shows the inconsistency of 2SLS estimators in illustrating the spe-
cialty of the endogeneity problem in threshold regression.

3.3.3 Non-linear relationship

A threshold regression analysis has been used to address the non-linear relationship.
According to Hansen (2000), we use the following model specification:

Y, =g+ a,STP,I(ABC;, < th) + a,STP,I(ABC, > th) + )" B, X, + M, +m,
j=1
’ (12)
where /() is a function that takes the value of 1 when the absorptive capacity is above the
threshold i, which allows us to segment the sample according absorptive capacity (ABC”);
STP;; is a dichotomous variable that takes the value of 1 when firm 7 is on an STP at time

@ Springer



Do firms located in science and technology parks enhance... 35

t; ABC,, represents the firm’s absorptive capacity; X, includes the control variables; v;, is
the generalised residuals of the probit model of the previous stage; and #;, is the error term.

Threshold regression analysis (Hansen 2000) allows us to identify the levels of absorp-
tive capacity although a change was observed in the relationship between the location in
an STP and the improvement of the innovation performance. The use of methodology pro-
posed by Hansen (2000) has allowed us to identify two thresholds. The first threshold has
been reached when the absorption capacity is —0.392 and the second threshold when the
absorption capacity is 0.102 (Table 6). These thresholds let us to identify objectively the
three types of firms proposed in Fig. 1:

e The pre-catching up firms which have an absorption capacity below to —0.392.
e The catching up firms which have an absorption capacity between —0.392 and 0.102.
e The pre-frontier sharing firms which have an absorption capacity beyond 0.102.

3.4 Estimation method

For the estimation method, we have developed several analyses to solve different meth-
odological problems (Table 7). We find no multicollinearity problems for the subsequent
regression analysis. All explanatory variables have variance inflation factors (VIFs)
below the rule of thumb cut-off of 10 for regression models (Kutner et al. 2004), and the

Table 6 Test for threshold

iabl Entire s 1
effects: p value from LM tests Variable ntire sample
p value Threshold
Single Threshold 8.95% —0.392 (-0.414, -0.357)
Double Threshold 8.89%* 0.102 (—0.223, 0.560)
Triple Threshold 1.40 —0.290 (- 0.357,0.102)

Confidence intervals in threshold models need not be symmetric
*Significant at 10%; **significant at 5%

Table 7 Estimation method summarizing

Problem

Solution

Models of analysis (results)

Shorted panel data

Dependent variable is a censored
variable

Autocorrelation

No normality

Heteroscedasticity

No normality and censored variable

Random effects

Double-censored Tobit

GLS with cluster and random effects

Disaggregated two-part models

Step 1: Tobit

Step 2a: Tobit. Only innovative
firms

Step 2b: GLS with cluster and ran-
dom effects. Only innovative firms

All models
Model 1

Model 2
Step 1: Model 3.1

Step 2a: Model 3.2
Step 2b: Model 3.3
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condition number that was obtained is also substantially below the rule of thumb of 30
(Belsley 1991; Pesaran 2015).

3.4.1 Shorted panel data

The panel data are shortened; we have only four times observations per firm. In this case,
the fixed effects model is an inconsistent estimator of the unobserved effect for a short time
panel (Cameron and Trivedi 2005). Thus, we have used a random effect.

3.4.2 Dependent variable is a censored variable

The dependent variable is concentrated in two points of a large observation proportion
(censored variable). Concretely, 7584 observations, 49.47% of cases, do not have new
products in their portfolio (c1 = 0), and 633 observations have a value greater than or equal
to 0.693 (02 = 0.693). In accordance with Vasquez-Urriago et al. (2014), the innovation
capacity is a double-censored variable. Hence, the most appropriate manner in which to
perform the estimations is via double-censored Tobit models. There is a latent variable
Y} that equals zero when Y}, < ¢; and takes the value ¢, when Y} > ¢, and Y} = ¥;, when
¢; <Y <c,(Model 1).

3.4.3 Autocorrelation, no normality and heteroscedasticity

In addition, we have an autocorrelation problem. For this reason, we estimate Model 2,
which uses a random effect option and assumes for estimation that in the variance—covari-
ance matrix the observations are independent across firms (clusters) but not necessarily
within groups. This GLS model is robust to heteroscedasticity and autocorrelation (Cam-
eron and Trivedi 2005).

We have applied the test proposed by Cameron and Trivedi (2005), which rejects the
null hypothesis of homoscedasticity. Additionally, the test proposed by Skeels and Vella
(1999) rejects normality. The failures of the normality and homoscedasticity assumptions
have serious consequences for censored-data regression (Model 1). Hence, we estimate
Model 3, which is a two-part model; in the first part (step 1), we estimate a probit equation
that models the probability of placing a new technological product. The dependent vari-
able is measured by a binary variable (J’1) that takes the value of 1 if the percentage of new
products over turnover is greater than zero (tlnewmar > 0) and O otherwise. In the second
part, we use an up-censored tobit regression (step 2a) and a linear regression (GLS) (Step
2b) to determine the percentage of new products over turnover for the firm (yz); in this
case, only firms with new technological products are included in the sample. The independ-
ence of the two parts is assumed, i.e., technological performance is randomly selected from
firms. If we do not accept this hypothesis, the use of the selection model also known as the
type-2 tobit model is involved. The two-step method proposes this conditional expectation
E(yzlx, tinewmar > 0) = x/zﬁz + 612}»()6’1 b ), where A(x/l ﬁl) is the inverse Mills’ ratio of
the standard errors estimated in the probit model performed in the first step. The hypoth-
esis of independence of both decisions can be tested directly by using the lambda coeffi-
cient, that is, the error covariance ¢,, (Cameron and Trivedi 2009).
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4 Results and discussion

The first results come in Table 8. In specification A, we include only the STP variable; in
specification B, we add the interaction between absorptive capacity and being located in an
STP. In specification C, we incorporate the two thresholds previously identified.

In both tobit models (model 1.A and 1.B), the coefficient of the STP variable is signifi-
cant and positive. Apparently, STPs contribute to increasing the technological performance
of firms; however, non-normality and heteroscedasticity may skew these results. In fact, the
two GLS models (models 2.A and 2.B) do not confirm these results. The two-part models
(models 3.A and 3.B) partially explain these results. In step 1 of the probit model (models
3.1.A and 3.1.B), the coefficient of the STP variable is positive and significant. However,
this variable is not significant in all specifications of the second step (models 3.2.A, 3.2.B,
3.3.A and 3.3.B). Seemingly, STPs increase the probability of marketing of new techno-
logical products (models 3.A and 3.B) but do not increase the percentage of new products
over turnover (models 3.2.A, 3.2.B, 3.3.A and 3.3.B).

In specification B, the interaction between the variable of being located in an STP and
absorptive capacity is not significant in all models. These results do not confirm the mod-
erating role of absorptive capacity in the relationship between innovation performance and
location in an STP.

The consideration of non-linearity in specification C enriches the results
obtained. In both aggregated models (models 1.C and 2.C), the coefficients of the
first threshold, which includes the firms inside an STP with low absorptive capac-
ity [STP,-, x1 (ABCi,_ 1 < —0.392)], are significant and negative. The coefficients for
the variables that differentiate firms inside an STP with medium absorptive capacity
[STP;, x 1(=0.392 < ABC;,_; <0.102)| are significant and positive. The coefficients
for the variables that differentiate firms inside an STP with high absorptive capacity
[STP,, x I(ABC;,_, > 0.102)] are not significant.

The results obtained in the two-part models confirm partially these results. In the first
step (model 3.1.C), the coefficient of the first threshold is not significant, and the coef-
ficients of the second and third thresholds are positive and significant. In the second step
(models 3.2.C and 3.3.C), the coefficient for the first threshold is negative and significant;
the coefficients of the remaining thresholds are not significant. Firms with low absorptive
capacity inside an STP do not have a higher probability of selling their innovation than
firms with low absorptive capacity outside an STP. However, for this type of firm inside
an STP, the percentage of new products over turnover is lower than it is for those outside
an STP. For the rest of the firms, the probability of selling innovation increases inside an
STP. However, there is no difference with regard to the percentage of new products over
turnover.

The treatment of endogeneity with the function control methodology modifies the previ-
ous results (Table 9). In all models, the generalised residuals of the probit model (v,-,) are
significant, which verifies that the decision to enter into an STP is endogenous. In speci-
fication A, the coefficients of the STP dummy are significant and positive for all models.
These results confirm that membership in an STP has a positive impact on the innovation
performance of firms. This result is consistent with Fernhaber and Patel (2012), Rothaer-
mel and Alexandre (2009), and Tsai (2001). However, it contradicts the results obtained
by Colombo and Delmastro (2002), Lindelof and Loftsen (2003), Lofsten and Lindelof
(2002), Westhead (1997) and Westhead and Storey (1994). Using the same methodology as
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Table 9 Estimation method—endogeneity treatment with control function

Aggregated models Disaggregated two-part models

Model 1 Model 2 Model 3.1 Model 3.2 Model 3.3

E(Y) E(Y) dy EY|Y>0) EX|Y>0)
tinewmar  tlnewmar 'V tinewmar tinewmar

Tobit RE GLSRE  Probit RE Tobit RE GLS RE
(Stepl) (Step2a) (Step2b)
Specification A

STP,, 0.150%**  0.098***  (.74]%* 0.100%** 0.098***
(0.050) (0.027) (0.352) (0.034) (0.035)
Specification B
STP;, 0.275%**  0.198*** 0.315 0.319%** 0.315%**
(0.085) (0.041) (0.647) (0.059) (0.061)
STP,, x ABC;,_, —-0.051 —0.024 —0.349 0.010 0.010
(0.073) (0.038) (0.465) (0.036) (0.044)
Specification C
STP, x I(ABC,_, < —0.392)) 0.055 0.048 0.186 0.050 0.050
(0.063) (0.030) (0.423) (0.045) (0.041)
STP,, X [(_0_392 <ABC,_, < 0,102) 0.167***  0.111%** 0.702* 0.117%** 0.115%**
(0.051) (0.028) (0.370) (0.035) (0.035)
STP,, X I(ABC,»H > 0.102) 0.134%**  0.085%**  (.709%* 0.082%* 0.0801%*
(0.050) (0.028) (0.358) (0.034) (0.036)

Standard errors in parentheses
##%p <0.01; **p <0.05; *p<0.1

Vasquez-Urriago et al. (2014), we achieve the same results, but we go further with specifi-
cations B and C, which include the moderating effect of absorptive capacity.

Similar results are obtained in specification B (Table 9). The dummy STP variables
are significant and positive in all models except in the probit model (model 3.1.B). There-
fore, firms on an STP improve their percentage of new products over turnover but do not
increase the probability of selling innovation. On the other hand, the coefficients of the
interactions between membership in an STP and absorptive capacity are not significant in
any models. These results show that absorptive capacity does not have a linear moderating
effect. Chan et al. (2011) achieve these results with a different methodology.

In specification C (Table 9), the coefficients of the first thresholds
[STP,, x I(ABC;,_, < —0.392))] are not significant in all models. That is, firms with low
absorptive capacity located in an STP do not improve their innovation performance. How-
ever, the coefficients of the dummy variables that identify firms with medium and high
absorptive capacity located in an STP are positive and significant in all models. These
results confirm that only firms above an absorptive capacity threshold can improve their
innovation performance in an STP. In all models except the probit model (model 3.1.C), the
coefficient of firms with medium absorptive capacity inside an STP is higher than the coef-
ficient of firms with high absorptive capacity inside an STP. However, in the probit model,
the two coefficients are similar. These results confirm the effects of knowledge duplicity
proposed in the theoretical model. Additionally, they allow a deeper understanding of the
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effects since the duplicity does not modify the probability of selling innovation but, rather,
increases the percentage of new products over turnover.

The inclusion of thresholds enables us to identify the following effects (model C,
Table 9). Firms with lower absorptive capacity, pre-catching up firms, inside an STP do
not improve their innovation performance. These firms have a paucity of technological
capital, which means that they should not record a better innovation performance than
firms of a similar nature located elsewhere.

For firms with medium absorptive capacity, catching up firms, their location on the
STP leads to a higher innovation performance. These firms have enough technologi-
cal capital to enhance their innovation performance by deploying on the STP. Further-
more, the growth in their technological capital will increase the STP’s contribution to
the firm’s knowledge.

Firms with high absorptive capacity, pre-frontier sharing firms, improve their innova-
tion performance by being on an STP, but knowledge duplicity reduces the value of the
knowledge available on the STP. The effect of the STP on the improvement in the inno-
vation performance of firms is higher for catching-up firms than for pre-frontier sharing
firms. These results confirm the proposals of the theoretical model.

Considering the control variables, in Table 10, we show only the significant vari-
ables after solving the multicollinearity problems. The results show that cooperation has
a positive and significant effect on innovation performance in models 1 and 3.1 Then,
cooperation can be a significant variable in the generation of innovation. The prior lit-
erature has recorded similar results. Lockett et al. (2003) and Zucker et al. (2002) affirm
that relationships with universities and technology centres may have a positive effect on
firm innovation. In relation to age, significant and negative effects are recorded in mod-
els 3.2 and 3.3. In this sense, authors such as Diez-Vial and Fernandez-Olmos (2017a),
Klette and Griliches (2000) and Squicciarini (2008, 2009) have found evidence for a
greater innovation performance among younger firms. Regarding the significant and
positive effects of size (model 3.1), some authors have confirmed the existence of a
significant and positive relationship with innovation activity (Diez-Vial and Fernandez-
Olmos 2017a; Huang et al. 2012; Squicciarini 2008, 2009). However, models 3.2 and
3.3 show different results. In these cases, there is a significant and negative relationship
between size and innovation performance. Regarding the number of patents, some stud-
ies anticipate a positive impact on innovation performance (Squicciarini 2008, 2009).
Overall, one may expect prior patents to have a positive effect on the innovation out-
come (model 3.1), but models 3.2 and 3.3 reveal no significant effects. Subsidiaries and
low-technology manufacturing firms have a significant negative effect (models 3.2 and
3.3).

5 Conclusions

This paper analyses the moderating effect that absorptive capacity has on the innovation
performance of firms located in an STP. STPs can facilitate knowledge sharing between
onsite firms and other institutions, such as universities and other research centres. Fur-
thermore, they may also facilitate access to financing for innovation activities. Moreover,
membership in an STP is expected to improve brand image (Salvador 2011; Squicciarini
2008; Westhead and Storey 1994). All this creates suitable conditions for driving the gen-
eration of innovation and its subsequent marketing. In this paper, a theoretical model that
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considers that the exploitation of the opportunities that an STP provides is determined by a
firm’s prior experience in innovation is proposed. This experience enables a firm to acquire
knowledge and to improve its absorptive capacity, making it easier for the firm to access
new knowledge, assimilate it, transform it, and exploit it.

The model indicates that there should be a certain minimum absorptive capacity if
deployment on an STP is to generate the required externalities. In other words, firms that
already record an intermediate or high absorptive capacity may benefit from the networks
and services provided by an STP and therefore enhance their innovation performance;
however, being located in an STP does not improve the innovation performance for firms
that record a low absorptive capacity. These results enable us to explain and qualify some
of the findings reported in the prior literature: the moderating role of absorptive capacity in
the non-linear relationship between being located in an STP and innovation performance.

The results of previous studies that analyse the relationship between being located in
an STP and innovation are not consistent. Among them, some studies find a positive or a
negative relationship, and others do not find effects. In this paper, we have found that three
effects are possible. The key issue is considering the relationship a non-linear model using
a threshold regression analysis in which absorptive capacity is the moderating variable. In
this sense, a group of firms has been identified that we designate pre-catching up firms,
which do not achieve the minimum absorptive capacity that enables a firm to exploit all of
the learning opportunities provided by an STP. These firms do not record a better innova-
tion performance than similar firms located elsewhere. This result confirms the proposition
obtained in the theoretical model.

Accordingly, the effect that belonging to an STP has on innovation performance is posi-
tive and significant when the minimum threshold of absorptive capacity is exceeded. This
enables us to refer to a second group of firms that we designate catching up firms, consist-
ing of precisely those firms that exceed this threshold. These firms have enough absorptive
capacity to make the absolute most of the learning opportunities that the STP provides,
without falling into problems of knowledge duplicity. This leads us to the identification
of the third group, namely, pre-frontier sharing firms; that improve their innovation per-
formance by being on an STP but less than catching up firms. In that case, their learning
opportunities are reduced by knowledge duplicity.

This paper has three types of practical implications for governments, managers of STPs
and managers of companies who have to decide about the convenience of being on a park.
Following, we have formulated a question for each kind of actors.

Related to the governments, our results help to answer to the question: How to improve
the allocation of public resources to the STPs? One of the main functions of an STP is
to contribute to the improvement of the innovation capacity of the business fabric of the
territory in which it is located. In that sense, Link and Scott (2007) explain that there are
“the assumption that research parks are an important element in the US national innovation
system, and as such should be fostered because of both the knowledge and the employ-
ment based spillovers that will result”. In the case of Spain, STPs are too considered as an
important part of the regional innovation system and, in addition, most of them are mainly
financed by public resources. Thus, governments should develop public policies that
reward and encourage parks that contribute to improving the innovative capacity of their
companies. This paper offers an indicator that allows to objectively quantify this effect.

Secondly, if we consider the managers of the STPs, the question will be: What cri-
teria SPTs” managers should consider when selecting their companies? According with
our results, managers of STPs can develop an objective selection criteria to select just
firms that be able to take advantage of being in a park (cooperation, spillovers...). In
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that sense, STPs’ managers should select those companies with a minimum absorption
capacity; in other case, they will not improve their innovation capacity and its location
in a park will not justified.

Third, we focus in the managers of the firms who need to decide about the convenience
of belonging to a park. The questions is: When a company is interested in locating in a
park? Firms can analyse the convenience of entry into an STP. It is therefore important for
managers to consider the goal pursued through such membership: cooperating, accessing
resources, improving their innovation capability, obtaining finance, etc. In the light of our
results, they will be more likely to enhance their innovation performance if they have an
intermediate or high level of absorptive capacity. Otherwise, firms located inside an STP
can use the model to decide on the convenience of being located or not in the park.

Our results also raise a number of unexplored issues. The proposed model can be
tested considering other types of data, geographical contexts and temporal scopes. In
addition, the direct and moderating effect of other variables such as the return on public
subsidies, patents and cooperation on innovation performance can be analysed. Finally,
additional variables can be included in our model such us “knowledge conversion capa-
bility” of the firm propose by Zahra et al. (2007). This variable could be a good comple-
ment of the absorptive capacity of firms.

Funding This work was supported by the Spanish Ministry of Economy and Competitiveness of Spain
(EC0O2015-67434-R and ECO2017-85356-P) and for the Regional Government of Madrid and European
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