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Abstract This research evaluates the role of science and technology parks as locations
fostering local knowledge exchange and promoting innovation. We consider that these
knowledge externalities depend on firms’ internal efforts and strategies, since their
capacity to understand and exploit others’ knowledge depends on their own knowledge
base. Empirical evidence has been gathered from 2007 to 2011 in a longitudinal analysis
on 11,201 firms in total, using a Spanish database from PITEC (Technological Innovation
Panel). Results of a two Tobit models with random effects, confirm our hypotheses. First,
firms with previous cooperation agreements with universities and research institutions
would benefit most from the park as they can more easily incorporate existing knowledge
in the park and improve their product innovation. Secondly, results also seem to indicate
that product innovation is higher when firms with internal R&D efforts can share
knowledge on a reciprocal basis with other firms that are also investing in R&D.

Keywords Science and technology park - Knowledge - Innovation - Cooperation -
University
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1 Introduction

Science and technology parks have been broadly considered as locations that improve local
innovation by promoting knowledge development and transmission among co-located
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firms (Huang et al. 2012; McAdam and McAdam 2008). Firms in science and technology
parks benefit from knowledge spillovers that can be a consequence of research, ideas, and
experience stemming from universities or research centres (Hansson et al. 2005; Lofsten
and Lindeldf 2005) as well as from co-located firms such as providers, clients or socially-
related firms (Bakouros et al. 2002; Colombo and Delmastro 2002), among others.

Abundant research has been conducted to evaluate whether on-park firms improve
innovation based on these knowledge spillovers, along with other local benefits based on
services and support provided by the park (Chan and Lau 2005; Grimaldi and Grandi 2005;
Squicciarini 2007). Nevertheless, empirical evidence on the relationship between innova-
tion and physical proximity among co-located firms is not conclusive (Anselin et al. 1997;
Baptista and Swann 1998). We need to consider whether on-park firms benefit differently
from knowledge spillovers, whether firms learn differently from others, as they have their
own ability to assimilate and replicate existing local knowledge spillovers (Ashish and
Gambardella 1990; Boschma 2005; Cassiman and Veugelers 2006). In particular, firms that
have developed a common knowledge base, which allows them to mutually understand each
other, will benefit most from local knowledge spillovers (Ter Wal and Boschma 2009).

The objective of this research is to evaluate the effect on local innovation of belonging
to a park, but considering firms’ differences in their capacity to absorb local knowledge
spillovers. Consequently, this paper firstly contributes to existing literature by considering
the benefits of the park dependent not only on access to external knowledge, but also on
each firm’s internal efforts and strategies (Giuliani and Bell 2005; Molina-Morales and
Martinez-Ferndndez 2004; Morrison and Rabellotti 2009; Zaheer and Bell 2005).

In particular, we consider that this capacity to absorb local spillovers would firstly
depend on formal cooperation agreements with universities and other research institutions
(Lambooy 2004). Universities have been viewed as the park’s main institution fostering
regional innovation by disseminating basic research among highly innovative firms (Lee
et al. 2001; McAdam and McAdam 2008). Nevertheless, empirical evidence is not con-
clusive (Lofsten and Lindelof 2005; Vedovello 1997) and highlights the cost of assimi-
lating knowledge and technologies provided by universities as well as the scarcity of
university/firm linkages (Massey et al. 1992). In this regard, we contribute to this research
by evaluating how having established cooperation agreements with other universities or
research centres may foster these knowledge flows (Gulati and Gargiulo 1999; Johansson
et al. 2005; Soda et al. 2004).

We also try to understand how each firm’s internal R&D efforts in developing new
products affect their capacity to understand ideas, experiences, and knowledge from others
in the park. Along with being an internal source of knowledge, R&D efforts have broadly
been considered a tool to increase a firm’s capacity to recognise and assimilate external
knowledge (Cohen and Levinthal 1990; Tsai 2001). However, several studies undertaken
in geographically concentrated spaces have recently observed that firms with high R&D
efforts tend to isolate themselves from rivals (Boschma and Ter Wal 2007; Huang et al.
2012; Morrison and Rabellotti 2009), and the effect of this on these environments has not
been clearly stated. Our aim, therefore, is to contribute by evaluating the role these R&D
investors play in science and technology parks in either promoting knowledge exchange or,
on the contrary, reducing it.

Finally, this study provides new empirical evidence on the consequences of belonging
to science and technology parks to improve firms’ innovation capacity in Spain. We use a
longitudinal database from PITEC. It provides useful information for our research about
34,367 firms, either on-park or off-park, for 5 years, from 2007 to 2011, having 10,882
every year.
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This paper is structured into four sections. The theoretical background and hypotheses
for the study are explained after this introduction. The third section explains the sample
employed to measure the variables and the main results and discussions, before the final
summing up in the conclusions.

2 Hypotheses

The major justification for the existence of science and technology parks is that firms have
access to services and support to commercialise their new products successfully in the
market. Most of these firms are small in size and lack experience, so belonging to a park
provides them with specialised services, shared resources and business, financial support,
and a better reputation and more legitimacy than an increase in their innovative capacity
(Ferguson and Olofsson 2004; Mian 1997; Siegel et al. 2003). Promoting local knowledge
creation and dissemination, especially when it is tacit, has turned out to be the most
relevant element in understanding this higher localised innovation (Hansson et al. 2005;
Lowegren 2003; Rothaermel and Thursby 2005; Vasquez Urriago et al. 2010).

Access to this local knowledge can be considered a collective good, given that it is the
result of a process combining pieces of knowledge owned by a variety of agents which
cannot easily be traded off-park (Lambooy 2010). On-park firms can obtain knowledge
from either university or other co-located firms that share their own ideas, experiences and
advice (Bakouros et al. 2002; Colombo and Delmastro 2002).

University scientists and business units tend to share the same buildings in parks, so
face-to-face encounters tend to be frequent, and collaborative knowledge-creation oppor-
tunities between research institutions and tenant firms’ R&D units abound (Lofsten and
Lindelof 2005). Nevertheless, the effective transfer of knowledge requires an absorptive
capacity to identify, interpret and exploit new knowledge (Boschma 2005; Cohen and
Levinthal 1990). Co-located firms tend to learn in close proximity to their existing
knowledge, as knowledge creation is often cumulative and builds on prior related
knowledge (Boschma 2005; Gorman 2002). More precisely, new knowledge is incorpo-
rated into organisational knowledge only when it is shared and assimilated into organi-
sational routines, documents, and practices (Cohen and Levinthal 1990).

Firms are conditioned by the specific investments and complementary assets they pos-
sess, or have possessed in the past, their social context and culture, and the portfolio of
activities, technologies and markets they have been involved in. All of these conditions
propel firms towards a specific learning path determined by the firm’s previous and his-
torical knowledge and reflected in their specific routines and procedures (Teece et al. 1997;
Zahara and George 2002). Firms develop complex routines as a consequence of their shared
knowledge base and experiences, which allow then to share and understand others’ tacit
knowledge with lower coordination and communication costs (Grant 1996; Robertson and
Langlois 1995). Firms sharing a similar knowledge base will rely on similar heuristics and
procedures on how to conduct research and own common views on who is allowed to access
their knowledge and which part of it can be released (Morrison and Rabellotti 2009).

2.1 Cooperation agreements with the university and research institutions
In science parks, the main source of tacit knowledge has been traditionally associated with

universities and research institutions (Asheim and Isaksen 2002; Link and Scott 2007;
Quintas et al. 1992; Westhead and Batstone 1998). They are a source of valuable
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knowledge by providing scientific research that firms inside a Science Park can transform
into new valuable products, services or processes (Lofsten and Lindelof 2005; Westhead
1997). The rich stock of physical and social capital universities possess, as well as the
availability of expert researchers, can increase success in innovation by transmitting
knowledge. They can provide local firms with basic research that can be transformed into
new products and processes (Quintas et al. 1992), as well as experiences and useful advice
along the process (Bakouros et al. 2002; Hansson et al. 2005).

Firms can innovate by having an interactive relationship with the university, in which
the university sometimes leads the development of new technologies, and sometimes
focuses on problems posed by prior developments or buyer feedback (Cohen et al. 2002;
Lambooy 2004). Nevertheless, the knowledge employed in business is firm-specific and
accumulative, while university knowledge outputs may be either too general, or too the-
oretical and fundamental, and thus too long-term to be easily usable (Lofsten and Lindel6f
2005). As a source of knowledge useful for increasing firms’ innovations, it largely
depends on the capacity that each firm has to identify and apply this knowledge (Grant
1996; Kogut and Zander 1992).

Therefore, on-park firms that have also established formal relationships with universi-
ties and research institutions—R&D collaborations, analysis and testing in university
departments, and the establishment of research contracts—whatever their location, would
have a higher capacity to absorb these university-knowledge externalities (Johansson et al.
2005; Phillimore 1999; Vedovello 1997). These collaborative linkages involve repeated
and regular meetings with the university, a focus on specific issues, and entail coordination,
and close contact (Ahuja 2000). Moreover, many of these formal relationships are
accompanied by informal relationships, i.e. personal contact with university staff, atten-
dance at seminars and conferences or accessing local research, which also allow for
knowledge exchange (Bakouros et al. 2002; Colombo and Delmastro 2002). By estab-
lishing formal or informal relationships with members of the university, firms develop
stable relationships that foster the development of non-transferable common knowledge
among parties (Grant 1996), and improve mutual understanding among firms (Gulati
1995). Moreover, both parties’ motivation to provide assistance or support is stronger
under these conditions. Maintaining these formal and informal interactions requires time
and effort, so firms will try to take advantage of these relationships by increasing reci-
procity, trying to contribute to others, and making a major effort to be understood
(Granovetter 1973; Hansen 1999).

Taking into account these arguments, we propose that:

Hypothesis 1 Cooperation with universities and research institutions would improve
firms’ success in introducing new products in science parks.

2.2 Internal R&D efforts

In parks, along with knowledge externalities provided by the university and research
institutions, local interactions among various firms provide them with knowledge created
by an interactive dynamic and network-oriented learning (Hansson et al. 2005). In other
words, firms benefit from externalities by taking advantage of knowledge created and
transmitted by others, while also contributing to these externalities by dispersing their own
knowledge among neighbouring firms.

As happens with knowledge from universities and research institutions, the possession
of related knowledge in the firm will result in a better understanding of others’
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technological developments: they are likely to have a better ability to recognise new
knowledge, to identify how to incorporate it into new products or processes, to discover
new commercial uses, and to enhance their business operations (Tsai 2001). In this regard,
internal R&D efforts are broadly considered as an essential element in explaining a firm’s
ability to absorb external knowledge (Ashish and Gambardella 1990; Cassiman and
Veugelers 2006; Tsai 2001). As firms learn from their own R&D investments, they also
develop their ability to understand knowledge from interactions (Ashish and Gambardella
1990; Cassiman and Veugelers 2006). Firms that invest in internal R&D can more easily
combine their internal ideas with knowledge from outside and therefore create new pro-
ducts, services or processes (Cohen and Levinthal 1990; Tsai 2001).

However, firms making internal R&D efforts not only improve their absorptive capacity, but
also increase their attractiveness to other neighbouring firms also making R&D efforts. The
higher the R&D investments undertaken by on-park firms, the higher the externalities created,
so firms surrounded by low R&D investors would benefit less from these externalities (Shaver
and Flyer 2000). As a consequence, firms investing in R&D would prefer to be co-located with
other firms that are also making internal R&D efforts and not with ones that are taking
advantage of them. Exchanges among co-located firms take the form of trading where firms can
release knowledge on the basis of reciprocity (Morrison and Rabellotti 2009). Given the
positive role of favouring knowledge exchange and willingness among firms, it is proposed that:

Hypothesis 2 Internal R&D efforts would improve firms’ success in introducing new
products in science parks.

3 Empirical analysis

Since 1985, when the first science and technology park was established, Spain has expe-
rienced a boom in the development of these parks. The Association of Science and
Technology Parks of Spain (APTE) reports that during last year, 76 science and technology
parks were operating in Spain, and that 6,206 firms were located in parks, employing
146,669 members of staff, and recording a turnover of €21,587 million.

Although there is no generally accepted definition of a science and technology park
(Dettwiler et al. 2006; Lofsten and Lindelof 2005), it can be defined as a property-based
initiative with links to university or other research centres designed to encourage the formation
and growth of knowledge-based businesses, and with management functions to support the
transfer of technology and business skills to tenant firms (Quintas et al. 1992; Zhang 2005).

3.1 Data source and measurements

For this study, we have used microdata from PITEC, which is considered the best database
for observing the innovation activities of Spanish firms over time' (Barge-Gil 2010).
Initiated in 2003, this database is being built annually by Spain’s National Institute of
Statistics (INE), the Spanish Foundation for Science and Technology (FECYT), and the
Cotec Foundation (Spain’s National Institute of Statistics).

To make anonymised data as useful as possible, PITEC applies the microaggregation
technique based on protecting individual data by aggregation. In particular, it replaces the
firm-level observations of some quantitative variables (e.g. revenues, number of employees

! The data is available online http://icono.fecyt.es/PITEC/Paginas/descarga_bbdd.aspx.
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and innovation expenditure) with a 44-industry breakdown at 4-digit level according to
NACE Codes. Abundant research has used this database, as it is considered to be a reliable
source of results (Lopez 2012). This database is of special relevance in our research since it is
the only one that contains information on the innovation activities of firms located in science
and technology parks. Various authors (e.g. (Montoro-Sanchez et al. 2011) have used the
PITEC database to advance the understanding of the link between spillovers and the inno-
vative behaviour of companies in Spain,” but as yet no publications have analysed the
contribution of Spanish science parks by considering the different ways firms absorb local
knowledge spillovers. That is why this paper has explored the role Spanish science and
technology parks play in the interaction between collaboration and internal R&D investment.

The data used in this study covers the period between the years 2007-2011 because
2007 is the first year of the panel with information on science park location and 2011 is the
last year currently available.

Initially, the panel contains information on approximately 12,800 firms. We established
the following criterion by (Villalonga 2004) to obtain a more balanced panel: observations
for which the available continuous time series is shorter than 3 years have been eliminated
from the previous dataset. The final sample contains 10,882 every year.

Following previous research on the park effect (Lofsten and Lindelof 2002, 2005; Siegel et al.
2003; Westhead 1997), innovation performance is measured as the introduction of new products.
To measure product innovations, we use the percentage of sales from new products (new
products), given that it reflects the success of new products (Cassiman and Veugelers 2006).

Cooperation with universities and technological institutions is a variable which takes
the value of 1 if the firm cooperates with universities or other higher education centres,
research experts, public research organisations and/or technological institutions.

Park is a binary dummy representing science park location that equals 1 if a firm is
located in a science and technology park. Most previous research that has attempted to
evaluate the effect of parks tends to compare being on-park with off-park, splitting the
sample into these two categories (Colombo and Delmastro 2002; Ferguson and Olofsson
2004; Siegel et al. 2003; Yang et al. 2009).

We measured internal R&D strategy (internal R&D) by the ratio of internal R&D to
total R&D expenditure (which is the sum of internal and external R&D). This variable is a
ratio that can range from zero (when all the R&D activities are acquired in the market) to
100 (when all the R&D activities are performed internally).

When assessing the effect of belonging to a science park on a firm’s innovation perfor-
mance, controlling other variables that may impact on a firm’s performance is critical. First,
we take into account the firm’s innovation intensity. It is expected that higher innovation
intensity increases a firm’s performance (Bloom and Van Reenen 2002; Giinday et al. 2011).
Traditionally, and still the most popular input indicator, is R&D expenditure (Acs et al.
2002). We use a wider input indicator, which is innovation expenditure (% of turnover).’

The firm’s size (size) is another control variable that is usually added. This variable is
expected to have a positive relationship with a firm’s innovation performance, since larger
firms have more resources and might benefit from economies of scales and scope. We
follow the previous literature and define firm size as the natural logarithm of the number of
employees. We also control firm age, which may have a complex relationship with a firm’s

2 This database has also been largely used for the analysis of different objectives related to innovation in
Spain (Molero and Garcia 2008).

3 This indicator includes not only spending on internal and external RandD, but also non-RandD expen-
diture such as training, market introduction of innovations and advertising.
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performance. Old experienced firms may be more likely to grow because they have learned
how to do things better, but younger firms may perhaps benefit from fewer organisational
rigidities and inertia, which age brings about. As theoretical literature does not provide
clear evidence of the effect of firm age on firm’s innovation performance, this issue is
explored empirically allowing for the coexistence of both positive and negative effects. We
define firm age as the logarithm of the number of years (plus one*) elapsed since the year of
establishment (Anderson and Reeb 2003; Fukugawa 2006) and is used with its quadratic
form (age?) to explore the existence of nonlinear effects.

3.2 Descriptive analysis

Before assessing the impact of belonging to a park on the innovation performance of firms, we
checked for heterogeneity between on-park and off-park firms. The results of the two-group
t-tests are presented in Table 1, showing significant differences in the attributes of both groups.

The firms located on science parks in our study tended to establish more collaborations
and have more internal R&D strategy that their off-park counterparts. Likewise, firms
located in science parks tended to be both younger and have a smaller number of employees.
This is consistent with the results of other comparative studies (Ferguson and Olofsson 2004;
Lofsten and Lindelof 2001). It is also quite clear in our sample that firms located in science
parks report greater innovation intensity than the off-park firms (see Table 1).

Table 2 presents a Spearman’s correlation matrix> depicting correlations between each
of the variables used in the regression. These results lead us to conclude that the presence
of multicollinearity is rather unlikely to be a serious problem with the data in this study.

Firm location in a park is a dynamic variable in this study. In our data set, there is annual location
information. Table 3 illustrates the values of the main variables undertaken in this research from
2007 to 2011. As can be observed, there are clear differences when comparing on-park with off-
park firms. While 47 % of the on-park firms in 2007 had established a cooperation agreement with
universities and institutions, only 18.3 % of the off-park firms had a similar agreement. In the same
vein, on-park firms tend to make more internal R&D efforts since, in 2007, they spent 63.7 % of
their total R&D expenditure on this, whilst in the same period off-park firms spent 39.4 %. The
longitudinal analysis shows the evolution of these data, confirming that on-park firms tend to be
engaged in cooperation agreements and internal R&D efforts more frequently than off-park firms.

3.3 Methodology and empirical findings

Given that our dependent variable “new products” is zero for a nontrivial fraction of the
population but is roughly continuously distributed over positive values, and that we have
panel data, a dynamic Tobit analysis is applied (Wakelin 1998; Sterlacchini 1999; Greene
2000; Wooldridge 2006). It can be written as:

yio=0 if y;<0
yie =Yy if 0<y;<0
yie =100 if y;,>100
where y}, = x, + &

* We add 1 year to avoid ages of zero (Fukugawa 2006).

> The Kolmogorov—Smirnov test determined that the variables are not normally distributed. So we cannot
use Pearson correlations.
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Table 1 Sample characteristics

Variable All firms Off-park On-park t test

New products 20.12 (33.66) 19.67 (0.15) 34.02 (0.98) —16.189%**
Cooperation 0.26 (0.44) 0.25 (0.00) 0.58 (0.01) —27.536%**
Internal R&D 36.62 (42.73) 35.70 (0.20) 64.91 (0.95) —26.069%**
Innovation intensity 0.12 (1.42) 0.08 (0.00) 1.16 (0.15) —28.857%***
Size 331.01 (1,526.83) 337.15 (7.27) 142.89 (9.41) 4.818%**
Age 26.84 (20. 37) 27.20 (0.09) 15.96 (0.25) 20.975%#*

For comparison purposes, we take the anti-log of the variables size and age
Figures in parentheses are standard deviations
**% Represents significance at the 1 % statistical level

Table 2 Spearman’s correlations

1 2 3 4 5 6 7
1. New products 1
2. Park 0.055%* 1
3. Cooperation 0.128* 0.147* 1
4. Internal R&D 0.170%* 0.078* 0.151%* 1
5. Innovation 0.249* 0.193* 0.264* 0.485* 1
intensity
6. Size —0.065* —0.048* 0.066* —0.022* —0.276* 1
7. Age —0.039* —0.150* —0.020* —0.025* —0.201* 0.377* 1

* Represents significance at the 1 % statistical level

Table 3 Evolution of cooperation and R&D effort in on-park and off-park firms

2007 2008 2009 2010 2011
Number of on-park firm, of which 408 475 512 509 480
Number of cooperation 195 241 257 262 233
Percent of total 47 % 50.7 % 50.1 % 51.4 % 48.5 %
Number of off-park firms, of which 10,383 10,287 10,250 9,848 9,466
Number of cooperation 1,903 1,913 1,847 1,826 1,629
Percent of total 18.3 % 18.5 % 18.0 % 18.5 % 172 %

Mean value internal R&D effort on-park 63.7 % 64.7 % 61.6 % 60.7 % 60.9 %
Mean value internal R&D effort off-park 39.4 % 37.5 % 34.6 % 33.1 % 32.6 %

Hypothesis 1 maintained that firms cooperating with universities and research institutions
inside science parks would improve firms’ innovation performance in the form of new
products in the market. To test this hypothesis, the general model is specified as follows:
New_products; = oy + oy Park; + oy * Cooperation;; + o3 * Park x Cooperation;,

+ oy * Internal_R&D; + as * Innovation_intensity; + og * Sizejs

+ o * Agej; + og *Ageizt—}—ozi—i—uit (1)
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Hypothesis 2 establishes that firms’ internal R&D efforts in science parks would improve
firms’ success in introducing new products in the market. To test this hypothesis, we run
the same model proposed in Eq. 1 with the exception of the interaction term, which is the
product of park and internal R&D:

New_products, = oy + oy Parky + oy * Cooperation;, + oz * Internal_R&D;,

+ oy * Park % Internal_R&D;, + o5 * Innovation_intensity;,
+ og * Sizey; + o7 x Age;r + og * Age,.zt + o + 1y (2)

Exploring the relationship between internal R&D and innovation performance, we allow
for the existence of individual effects that are potentially correlated with the right-hand
side of regressors, such that € = o; + ;.. Here, o represents the individual effect which
varies across firms, but is constant over time, and [t is a “white noise” error term. We use
the Wooldridge test® to decide which of the two models, fixed effect or random effect, is
more appropriate. First, we can look at the regressions obtained from Egs. (1, 2), whose
estimates are shown in Table 3. As the values corresponding to the Wooldridge tests on the
random-effect versus fixed-effect model do not reject the null hypothesis, the estimates
shown in Table 3 are obtained from the random-effect Tobit models.

Table 4 presents the estimations of two Tobit models with random effects, over the
34,367 observations available. Columns 1 and 2 show the results of Eq. 1, and columns 3
and 4 present the results for Eq. 2.

As observed in Eq. 1, the interaction effect between park and cooperation has a positive
and significant coefficient (B = 7.22; SE = 4.130), which supports hypothesis 1, i.e. the
combination of being located on-park and cooperating is positive, as on-park firms tend to
develop a higher capacity to understand and interpret knowledge provided by universities
and other research institutions. While any firm improves their innovation capacity when
they establish cooperation agreements (Aschhoff and Schmidt 2008; Belderbos et al. 2004;
Lo66f and Brostrom 2008), belonging to a park leverages these benefits.

Park benefits associated with access to knowledge provided by universities or other
research institutions have been under question in abundant research. As (Quintas et al.
1992) observed, there are few benefits since firms cannot incorporate basic research from
the university into the market. In this regard, the park’s effect is not significant f = 5.36;
SE = 4.28) and could confirm this approach. Previous studies have also found no sig-
nificant benefits of belonging to a park on firms’ innovative capacity (Westhead 1997) or
on performance (Bakouros et al. 2002; Dettwiler et al. 2006; Ferguson and Olofsson 2004;
Lofsten and Lindelof 2001; Massey et al. 1992).

Equation 2 shows the estimation for the interaction effect between park and internal
R&D ratio. Its positive and significant (B = 0.097; SE = 0.058) result concluded that the
relationship between the ratio of internal R&D to total R&D and innovation performance is
dependent on firm location (i.e. either on-park or off-park), which supports hypothesis 2.

The results also show that firms’ internal R&D effort positively affects innovation
performance. Consistent with previous literature (Cassiman and Veugelers 2006; Cohen
and Levinthal 1990; Rothaermel and Thursby 2005), our results seem to support the notion
that the level of a firm’s internal R&D efforts is an important predictor of the firm’s
absorptive capacity, and hence, a predictor of their innovative capacity. Moreover, on-park

® The Hausman test cannot be employed in this research because it assumes o; and y;, to be independently
and identically distributed, which is not the case.
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Table 4 Random effects Tobit. dependent variable: new products

Model 1 [Eq. 1] Model 2 [Eq. 2]
Coefficient Standard error Coefficient Standard error
Park 5.356 (4.282) 2.805 (5.338)
Cooperation 8.632%:* (0.908) 8.958 (0.887)
Park*cooperation 7.219%* (4.130)
Internal R&D 0.113%%% (0.009) 0.110%#* (0.009)
Park*internal R&D 0.097* (0.058)
Innovation intensity 0.429%* (0.221) 0.410%* (0.221)
Size —2.607%** 0.411) —2.606%** 0.411)
Age —20.956%** (5.041) —20.922%#* (5.041)
Age? 3.068%** (0.837) 3.062%#* (0.837)
Constant 48.077%** (7.819) 48.063*#* (7.819)
Fit
N 34,367 34,367
Wald test Prob > X* = 0.000 Prob > X* = 0.000
Wooldridge test Prob > F = 0.257 Prob > F = 0.270

* Significance at 10 %; significance at 5 % **, and significance at 1 % ***

firms with a high internal R&D effort would find it easier to share knowledge on a
reciprocal basis with other firms that are also investing in R&D.

Regarding the effect of control variables, we can observe that innovation intensity has a
positive and significant effect on firms’ capacity to introduce new products in the market
(B = 0.429; SE = 0.221 in Eq. 1; B = 0.410; SE = 0.221 in Eq. 2). Age has a non-linear
effect (B = -20.956; SE = 5.041 for age and = 3.068; SE = 0.837 for age2 in Eq. 1;
B = -20.922; SE = 5.041 for age and P = 3.062; SE = 0.837 for age® in Eq. 2), sug-
gesting that younger and older firms outperform those middle-aged firms (Almus and
Nerlinger 1999; Glancey 1998). Likewise, we find a significant but negative role of firm
size on innovation performance (B = —2.607; SE = 0.411 in Eq. l; p = —2.606;
SE = 0.411 in Eq. 2). When analyzing the rates of the new product success of small firms,
it is important to recognise the significance of age. Some authors indicate that it is easy to
observe illusory differences in growth amongst a group of small firms over time if one
group is younger than the other’ (Dettwiler et al. 2006).

4 Conclusions and implications

This research evaluates the effect of parks on firms’ innovative capacity, measured by the
percentage of sales of new products launched by the firm. We have conducted a longi-
tudinal analysis, from 2007 to 2011, including 11,201 firms in total, using the Spanish
PITEC database. Based on previous studies, we have compared on-park firms with those
off-park to understand the role the park plays in promoting knowledge dissemination
among on-park firms and universities. Nevertheless, rather than assuming that these park

7 The reason is that in proportionate terms, younger firms grow faster than older firms.
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knowledge externalities are the same for any co-located firm, we condition these benefits
on the park’s internal efforts and strategies.

In particular, we confirm that firms that have developed cooperation agreements with
universities and other research institutions are more able to exploit on-park knowledge
externalities, thus improving their innovative capacity. Firms that have undertaken these
agreements are more able to understand basic research, and the experience and advice
provided by university departments and researchers as part of the innovative process. Since
they have developed a mutual understanding, based on share routines and procedures, firms
can more easily identify and incorporate knowledge from the university not only by formal
mechanisms, but also by informal encounters and meetings, which are so important
on-park.

In addition, knowledge externalities are created by other co-located firms being more
profitable than firms making more internal R&D efforts. They can both better understand
others in the vicinity on-park and leverage the benefits of being surrounded by other
innovative firms. Firms that hardly invest in internal R&D tend to be more isolated from
these knowledge externalities since they contribute less to them, and other firms would be
more reluctant to exchange knowledge with them.

This research has some implications for future research that can be conducted. First, it
would be interesting to gain a deeper insight into the internal knowledge network created
among firms and institutions, by obtaining data at a relational level. Recent research on
geographical concentration has been developed by incorporating Social Network Analysis
tools to better understand knowledge flows among on-park firms and institutions (Ahuja
2000; Hansson et al. 2005). By taking into account the position that the firm has in this
network, interesting conclusions can be obtained such as: Do central firms in science and
technology parks access more knowledge? And how does this knowledge increase
innovation?

Secondly, related to the previous idea of understanding the park network at microlevel,
it would be of great interest to further explore the role played by on-park technological
gatekeepers. Previous studies in concentrated spaces have put into question the relevance
of larger and externally connected firms in promoting local innovation, as they may find it
more difficult to adapt to technological changes internally (Giuliani 2011; Morrison 2008).
Future research could try to understand which kind of firms behave as technological
gatekeepers on-park and their relationship with local innovation.

Thirdly, it would be compelling to evaluate other aspects of firms that can also increase
their capacity to benefit from the park. Previous studies have pointed out the relevance of
human resources such as the capacity to understand and process. As Simon (1991) points
out, this learning takes place inside individual human heads. An organisation learns by
their members learning, so it seems reasonable that human resources play a relevant role.
Firms that have better educated employees can more easily identify relevant knowledge
from outside the firm, understand it and exploit it in the form of new products and
processes to be sold. Abundant literature on clusters has paid special attention to
employees and their qualifications as this is considered an important source of local
externalities (Morosini 2004; Rotemberg and Saloner 2000).

The conclusions of this research also have some policy implications, mainly related to
the fact that firms benefiting from local knowledge externalities are those that have made
internal efforts and strategies too. As observed, parks per se have no clear benefits on
innovation. Public investment in parks is viewed as a key element in government inno-
vation development policy, since it has been broadly considered as a local promoter.
Nevertheless, this support should be calibrated taking into account the characteristics of the
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firms and the internal dynamic of the park fostering these benefits. Access to valuable
knowledge, which has recently been considered the most important driver of innovation,
requires private firms located on-park to make an effort. We cannot expect all on-park
firms to benefit from their location, so we need to promote behaviour that allows firms to
take advantage of it. Moreover, many of these collective benefits depend on other firms’
characteristics, such as previous experience, their local reputation, etc. As a consequence,
financial aid, and access to machinery provided by laboratories would be dramatically
reduced if firms did not improve their innovative capacity in the long term and local
development does not take place.
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