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Abstract: Based on the two knowledge dimensions of availability and accessibility, this study
investigates the influence of cooperation with external organizations on technological, product,
and process innovations. Using longitudinal data from Spanish manufacturing firms, we estimate
dynamic random-effects probit models and thus take into account that technological innovations
exhibit persistent behavior. We find that cooperation with suppliers and universities is positively
associated with both product and process innovations. However, sectoral analysis according to
technological intensity reveals that cooperation with suppliers increases the propensity to technological
innovation in industries with a higher degree of technological intensity, while cooperation with
universities increases the likelihood of innovation in industries with a lower degree of technological
intensity. Moreover, empirical results indicate a high degree of true or genuine state dependence in
both types of innovations. Based on these findings, we discuss the theoretical, managerial, and policy
implications of the study.

Keywords: availability of knowledge; accessibility of knowledge; technological innovation; Spain;
dynamic probit model

1. Introduction

As the business world gets increasingly competitive and globalized, innovation has increasingly
become the source of sustainable competitive advantage [1]. Innovation can be spurred by collaboration
because it allows access to external resources in general, and knowledge in particular, that a firm may
lack in-house [2–5]. As different cooperative partners may have different knowledge bases that are
complementary to a firm’s knowledge base, collaboration relationships could be forged with a variety
of partners and each of these relationships could have a different impact on innovation [6]. This paper
addresses this issue by focusing on the impact of collaborating with four partners—universities
or higher educational institutions (HEIs), customers, suppliers, and competitors—on technological,
product, and process innovations.

We delineate two dimensions of knowledge—availability and accessibility—and rank the four
collaboration relationships separately on each dimension. We then combine these pairs of ranks to
formulate hypotheses with regards to the impact of each of the four collaborative relationships on
product and process innovations. Our systematic approach provides a more fine-grained analysis of the
relationship between collaborative relationships and technological innovation. Another contribution
of the study is associated with the estimation strategy. By applying dynamic panel probit models,
we account for the persistence in the propensity to technological innovations. Therefore, this study
brings together two strands of the literature: the impact of collaboration on innovation performance,
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and the persistence in innovation. Finally, we present a sectoral analysis, whereby the sectoral
classification is based on technological intensity.

The study is organized as follows. First, we briefly review the literature on the impact of
collaboration on different types of innovation. Then, based on the literature, we delineate two
dimensions of knowledge, availability and accessibility, which jointly determine the impact of a
particular collaborative relationship on a specific type of innovation. We then make a case for the
ranking of each of the four collaborative partners on product and process innovations, across both the
availability and accessibility knowledge dimensions. Based on this ranking, we develop hypotheses
with regards to the impact of collaborating with each of the four partners on technological innovations.
Next, we describe our methodology, which is followed by a discussion of the results. We conclude
with the main findings and contributions of our paper to theory and practice.

2. Literature Review and Development of Hypotheses

Collaboration is a complex phenomenon because firms usually collaborate with a variety of
partners [7]. Scholars have typically unpacked it based on partnering entity (e.g., [3,7–9]. We follow
this tradition by distinguishing between different types of partners. Similar to [8,9], we consider ties
with competitors and universities or Higher Education Institutions (HEIs). Moreover, we distinguish
between collaborative partners, customers, and suppliers, in a vertical collaboration. This is because
customers and suppliers are at opposite ends of the supply chain, and the dynamics between a firm and
its customers and between a firm and its suppliers are different and might have different impacts on
innovation [7,10]. We develop hypotheses on the relationship between these four types of cooperative
relationships and technological, product, and process innovations.

Theoretical insights into firms’ motivation to engage in cooperation for innovation are provided by
three distinct theoretical frameworks: the resource-based view of the firm, the knowledge-based view
of the firm, and the concept of absorptive capacity. The resource-based view regards firms as bundles
of tangible and intangible resources [11]. It proposes that firms cooperate with different partners to
access external resources that are complementary to firms’ internal resource and thus exploit synergies
between them [12–15]. The knowledge-based view regards firms as institutional knowledge creators
and facilitators [16], in particular regarding the transformation of tacit into explicit knowledge that can
be used for the development of new products and processes [7]. Because firms do not possess all the
necessary knowledge, cooperation for innovation enables them to tap into a diverse pool of external
knowledge sources. In other words, firms can seldom successfully and continuously innovate without
adopting open innovation practices and thus utilizing not only internal innovation capabilities but
also external knowledge sources [2,7,17]. Complementarity between internal and external knowledge
is emphasized through the concept of absorptive capacity. Originally developed by [18], this refers to a
firm’s ability to acquire, absorb, and utilize external knowledge. Absorptive capacity, as a necessary
precursor of collaboration, has a dual role in a firm: on the one hand, it determines the firm’s internal
knowledge base; on the other hand, it crucially contributes to the firm’s ability to assimilate external
knowledge [13,17,19–21].

We delineate two dimensions of knowledge—availability and accessibility—on which we rank
each of the four collaborative partners vis-à-vis each type of technological innovation. We then combine
these ranks to develop eight hypotheses. Innovation requires knowledge, and two dimensions seem
to be the most relevant: the likelihood of availability of relevant knowledge from the collaborative
partner, and the accessibility of the relevant knowledge. These dimensions are consistent with the two
dimensions posited by [7] concerning product innovation, i.e., the breadth of new knowledge and the
ease of accessing new knowledge, and by [10] in relation to process innovation, that is, a position in
the knowledge chain and a contextual knowledge distance.

Availability of knowledge captures the likelihood of a collaborative partner having knowledge
that is relevant and useful to the focal firms in introducing a particular type of innovation. Firms are
typically looking for knowledge that is different but complementary to the knowledge that they possess.
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If the knowledge provided from collaborative partners is too different from the firm’s knowledge,
it may not be relevant, but if it is too similar or overlaps too much with the firm’s knowledge then it
will not be useful. Therefore, the degree of similarity of knowledge possessed by each collaborative
partner relative to the focal firms would determine whether their knowledge is relevant and useful.
In particular, knowledge provided by competitors would be most similar to the focal firms, while
knowledge from HEIs would be most dissimilar, with customers and suppliers falling in between these
two extremes [10].

Concerning product innovation, HEIs would rank the highest in terms of availability of relevant
knowledge, followed by competitors, then customers and finally suppliers. HEIs possess a broader
knowledge base than other collaborative partners [10], and hence would have a higher availability
of knowledge in general. Further, HEIs tend to be at the cutting edge of knowledge and would be
able to provide the radical breakthroughs that are at the heart of product innovation [6]. After HEIs,
competitors would be the partner with the highest availability of product innovation knowledge,
since they would attempt to have the first-mover advantage [22] or technological leadership at each
stage of the product life cycle (e.g., Apple versus Samsung in the smartphone industry). Customers
have useful knowledge with regards to the introduction of new products, particularly when market
needs are heterogeneous, and when technology is ‘sticky’ [23,24]. Finally, although suppliers may
not have much of directly relevant knowledge with regards to product innovation [7], they could
indirectly facilitate its introduction, as firms may subcontract their non-core activities to suppliers,
thereby focusing on their core competencies leading to more product innovation [6,25].

In relation to process innovation, suppliers would rank the highest in terms of availability of
relevant knowledge, followed by competitors, HEIs, and customers. Suppliers possess knowledge of
cost-reducing technologies [6,25], which is a key aspect of process innovation. Competitors belong to
the same industry as the focal firms and therefore, best practices with regards to processes developed
and held by them would be both relevant and potentially useful to the focal firm [10,26]. Although
HEIs are often perceived as relevant only for product innovation, in the process of conducting their
research and benchmark studies they may gain useful knowledge about best practices and processes
that could facilitate process innovation in the focal firm [10,27,28]. Finally, customers would rank the
lowest in terms of availability of relevant knowledge for process innovation, since they are relatively
distant in terms of the contextual knowledge and are downstream in the knowledge chain [10].

Accessibility of knowledge captures the likelihood that the relevant and useful knowledge that a
collaborative partner might possess regarding a particular type of innovation could be accessed from
that partner. Accessibility is typically a function of the strength of the relationship between the focal
firm and the collaborative partner, such that the stronger the relationship, the better the accessibility of
knowledge. Typically, among the four collaborative partners, in general, accessibility of knowledge
from suppliers would be the highest, as they are tightly coupled with the focal firm and they would
have an incentive to cooperate [7,10]. In contrast, accessibility of knowledge from competitors would
the lowest as typically, direct ties do not exist between them and the focal firm.

Regarding product innovation, suppliers would rank the highest in terms of accessibility of
relevant knowledge, followed by HEIs, then customers, and finally competitors. Suppliers may offer
limited new knowledge, but this knowledge is easily accessible [7], especially as firms would typically
have more power in this collaborative relationship. Hence, they would rank the highest in terms of
accessibility. In recent years, many firms have begun life as university spin-offs [29–31] and continue
to collaborate with them as they grow and mature. Further, firms and universities are increasingly
entering into partnership programs. Thus, HEIs would the ranked second in terms of accessibility.
Customers would typically be more numerous than suppliers or HEIs and have more power in their
relationship vis-à-vis the focal firm, therefore accessing knowledge from them would be harder than it
would be from suppliers or HEIs. Finally, competitors’ knowledge concerning product innovation
would be difficult to access because they would actively block such access [7].
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In relation to process innovation, suppliers would rank the highest in terms of accessibility of
relevant knowledge, followed by HEIs, then customers, and finally competitors. Suppliers by design
are already tied to the focal firm, and these ties would typically be strong. Further, these relationships
usually involve the product or service delivery processes, hence accessibility to the knowledge relevant
for process innovation from suppliers would be the highest. HEIs are not automatically tied to the
focal firm, but nevertheless provide inexpensive, low-risk access to specialized knowledge [6,32].
Such knowledge could be relevant for process innovation, in particular if it involves technical problem
solving [33], and would rank second after suppliers in relation to accessibility to knowledge relevant
for process innovation [10]. They would be followed by customers, who typically may not have the
incentive to provide the focal firm with their time and effort in undertaking process innovations, which
are less relevant to them than new products [10]. Finally, competitors, as pointed out earlier, would be
reluctant to share their knowledge relevant to process innovations, given that complex knowledge
embedded in process innovation is more difficult to replicate than knowledge embedded in product
innovation [10].

Based on the above discussion on two dimensions of knowledge, we present their rankings for
product innovation in Figure 1 (for product innovation) and in Figure 2 (for process innovation).
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Figure 1. The ranking of collaborative partners based on two dimensions of knowledge and their
impact on product innovation.
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Figure 2. The ranking of collaborative partners based on two dimensions of knowledge and their
impact on process innovation.

2.1. Collaboration with Higher Educational Institutions (HEIs)

HEIs have been ranked as the highest in terms of availability and second in terms of accessibility
of knowledge relevant to the development of new products. HEIs possess a broader knowledge
base than any other cooperative partner [7]. Besides, universities by design have a multidisciplinary
approach to knowledge and research. These two features—the breadth and interdisciplinarity of
knowledge—can greatly facilitate product innovation in firms cooperating with universities. Another
benefit of cooperating with universities relative to other partners is the low possibility of opportunistic
behavior and knowledge leakages. Therefore, firms do not have to be particularly concerned how to
protect their intellectual property and whether universities will share their knowledge of the focal
firm’s production and organizational processes with other firms [15]. Moreover, cooperation with
universities and other public institutions should be particularly dominant in firms further away from
the technological frontier, given their limited technological and financial resources [15,34].

This has led us to hypothesize the following:

H1A: Collaboration with HEIs has a larger positive impact on product innovation than collaboration with
customers, suppliers, or competitors.

HEIs have been ranked third in terms of availability, and second in terms of accessibility of
knowledge relevant to process innovation. Based on these dimensions of knowledge, HEIs would have
the second-highest impact on process innovation, after suppliers [10]. HEIs have a broad knowledge
base and collaboration with them brings the opportunity to access it. Concerning the type of innovation,
the literature argues that collaboration with HEIs is primarily focused on product innovation [10].
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However, HEIs can also foster process innovation in the focal firm, by analyzing the current production
process and suggesting efficiency improvements. We therefore hypothesize the following:

H1B: Collaboration with HEIs has a larger positive impact on process innovation than collaboration with
customers or competitors but a smaller positive impact on process innovation than collaboration with suppliers.

2.2. Collaboration with Customers

Customers are ranked third both in terms of availability and accessibility of knowledge relevant for
product innovation. As customers have better accessibility than competitors, collaborating with them
should induce a higher impact on product innovation relative to competitors [7]. Cooperation with
customers can facilitate product innovation as customers can reveal their preferences and unfulfilled
needs to the focal firm [17,35]. The joint development of a new product could improve market share
and product credibility, and potentially reduce risks associated with the commercialization of new
products [12,14,15]. However, sometimes customers might not be aware of their preferences and even
more so of their unmet needs. In this case, the first task that firms need to undertake is to discover
customers’ preferences and needs [7,36]. In other words, firms need to transform customers’ tacit
knowledge into explicit knowledge that can be utilized in developing new products or improving
existing ones.

Accordingly, it is hypothesized:

H2A: Collaboration with customers has a smaller positive impact on product innovation than collaboration with
HEIs or suppliers but a larger positive impact on product innovation than collaboration with competitors.

Customers have been ranked fourth with regards to availability of knowledge relevant to process
innovation and third with respect to accessibility of knowledge. Consequently, collaboration with
customers should have the lowest impact compared to collaborations with the other three partners [10].
Cooperation with customers is least likely to foster process innovation, because customers have specific
preferences and needs in relation to the design and functionality of a new product, but they have little,
if any interest, in how a new product is produced [10]. Therefore, we formulate:

H2B: Collaboration with customers has a smaller positive impact on process innovation than collaboration with
HEIs, suppliers, or competitors.

2.3. Collaboration with Suppliers

Although suppliers are ranked last with regards to availability of knowledge relevant for
product innovation, they are ranked second concerning the accessibility of knowledge. Accordingly,
collaboration with suppliers should have a smaller impact on product innovation than HEIs, but a
larger impact compared to customers and competitors [7]. Cooperating with suppliers will enable
firms to access more limited new knowledge, as both the focal firm and its suppliers operate in the
same or similar industries [15]. However, cooperation with suppliers is still beneficial to the focal
firm as they have complementary capabilities and share common goals [7,17]. Still, cooperating with
suppliers can be hampered by the Not-Invented-Here syndrome, as the employees in the focal firm
might reject supplier’s technological knowledge because it was not developed in-house [36–38].

We therefore formulate the following:

H3A: Collaboration with suppliers has a smaller positive impact on product innovation than collaboration with
HEIs but a larger positive impact than collaboration with customers or competitors.

Suppliers have been ranked first both in terms of both availability and accessibility of knowledge
associated with process innovation, which implies that they will have the highest influence compared
to the other three collaboration partners [10]. Firms can easily access knowledge possessed by
their suppliers, but the knowledge base is narrower than in the case of other cooperative partners
because they operate in the same or similar industries. If suppliers deliver custom-made production
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factors, rather than standardized, then firms will prefer to limit their collaboration to few suppliers
and foster a long-term relationship with them [10,37]. Collaboration with suppliers facilitates the
introduction of process innovation in the focal firm in several ways. First, through a continuous and
long-term collaboration, suppliers gain firm-specific knowledge about the production process in the
focal firm. In turn, they can suggest improvements in the transportation, inventory management and
the production process that will increase efficiency and productivity of the focal firm [10,35]. Second,
as suppliers collaborate with a large number of firms in the same industry, they can inform the focal
firm about the best practices in other firms, without revealing their identity. Third, a close relationship
between the focal firm and its supplier facilities an easier exchange of both tacit and explicit knowledge.

Thus, we formulate:

H3B: Collaboration with suppliers has a larger positive impact on process innovation than collaborations with
HEIs, customers, and competitors.

2.4. Collaboration with Competitors

Competitors are ranked second regarding availability of knowledge relevant for product
innovation, but they are ranked last in terms of accessibility. Although this results in a tie with
customers, given that competitors provide the lowest accessibility to the focal firm, they are ranked
fourth in terms of impact on product innovation [7]. In contrast to cooperating with universities, which
entails the lowest, if any, market risk, the possibility of opportunistic behavior and knowledge leakage
is highest when firms cooperate with their competitors [38,39]. These appropriation issues often result
in knowledge exchange being limited to explicit knowledge, and thus excluding tacit knowledge
exchange [36]. Empirical studies on R&D cooperation usually report the smallest number of firms
cooperating with competitors (see, e.g., [14,15]) given that trust has been recognized as the necessary
success factor for R&D cooperation [15,35,37,39–42]. However, although firms avoid collaborating with
competitors, this type of collaboration is most frequently found in high-technology sectors, as firms in
these sectors are continuous innovators, engaged in large and risky R&D investments. Thus, firms in
high-technology sectors use cooperation with competitors as the cost and/or risk reduction strategy
through economies of scale and rationalized R&D processes [12,14,15]. Another feature of cooperation
with competitors is that they have a similar knowledge base as their competitors, which means that
there is little scope for synergistic effects with regards to innovation activities in the focal firm [7].
Consequently, complementary effects are more likely to arise in the case when a competing firm
possesses a more differentiated knowledge base.

Thus, the following hypothesis will be tested.

H4A: Collaboration with competitors has a smaller positive impact on product innovation than collaboration
with HEIs, customers, or suppliers.

Competitors are ranked second in relation to availability of knowledge relevant to process
innovation and fourth with regards to accessibility. Accordingly, collaboration with competitors would
have the third-highest impact (after suppliers and HEIs), followed by collaboration with customers [10].
Cooperation with competitors is limited due to potential opportunistic behavior, knowledge leakage,
and problems with protecting intellectual property. Competitors are less likely to gain knowledge about
the focal firm’s production process than product innovation, because they have very limited access to
other firms’ manufacturing processes. In contrast, if a rival company wants to imitate a new product
developed by other firms, it can analyze the product and use reverse engineering to develop a similar
product [10].

Therefore, we hypothesize the following:

H4B: Collaboration with competitors has a smaller positive impact on process innovation than collaborations
with HEIs or suppliers, but a larger positive impact than collaborations with customers.
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2.5. Persistence of Innovation

Theoretical arguments explaining the persistence of innovation are based on three distinct
subdisciplines of economics [43–46]. First, the economics of knowledge from the evolutionary theory
is associated with the knowledge creation through learning-by-doing and learning-to-learn effects.
In this case, the persistence of innovation stems from the current or future use of knowledge created
through the introduction of past innovations, that is, innovation in the past has an impact on the
present innovation [46]. As a result, cumulative knowledge leads to a dynamic increasing returns
and state dependence in innovative activities [45]. That is why this approach is termed the “dynamic
scale economics” hypothesis [46]. Furthermore, the economics of organization suggest that knowledge
creation and accumulation together with the creation of routines result in the creation of dynamic
capabilities, which emphasizes an important role of continuous innovation in achieving competitive
advantages [47]. However, it is important to distinguish between true or genuine state dependence
and spurious state dependence. The former refers to the positive effect of past innovation on the
introduction of current innovation. The latter occurs when unobserved effects or omitted variables are
correlated over time, i.e., spurious state dependency might be reflected in time-invariant, unobserved
firm characteristics [45]. Furthermore, [48] discusses two features of persistence: past and path
dependence. The former reflects the initial effect of contingent factors that is constant over time,
whereas the latter reflects the effect of contingent factors on the rate and direction of the innovation
processes over time. Consequently, contingency is critical for path dependence, while initial conditions
are the key factor in determining past dependence [46].

Second, the economics of organization recognizes the relevance of sunk costs incurred in the
process of establishing a formal R&D department. Because of sunk costs, firms need to continuously
invest in R&D activities. Consequently, sunk costs create barriers to entry and exit in relation to R&D
activities [45]. Third, the economics of innovation or the new Schumpeterian approach [48] discusses
the role of financial obstacles in funding R&D activities. Previous successfully introduced product or
process innovations generate profit that is invested in current innovation activities. It also increases
firms’ market power, and thus reduces financial obstacles that firms might encounter when investing
in contemporaneous innovations. This hypothesis explaining the persistence in innovation is known
as the “success breeds success” hypothesis.

Concerning the degree of persistence, previous empirical evidence suggests that process innovation
tends to be less persistent than product innovation because product innovation plays the key role in the
long-term competitiveness of many industries and markets [43,49,50]. In contrast, process innovation is
introduced sporadically, as a result of major investments. In turn, the discontinuity of major investments
leads to a lower degree of persistence of process innovation compared to product innovation.

3. Methodology

3.1. Data

We analyze the dataset from the Spanish Business Strategies Survey (SBSS). The survey has been
conducted annually since 1990 and covers all manufacturing sectors in Spain following NACE-Rev.1
classification [51]. The data were gathered by the Public Enterprise Foundation and sponsored by
the Spanish Ministry of Industry [10,51] (for more information, see https://www.fundacionsepi.es/).
The survey gathers information on a wide range of firms’ activities and different measures of firms’
performance, including innovation-related activities and performance. Accordingly, a number of studies
utilized the SBSS data to investigate research questions in relation to firms’ innovation activities [51,52].

The sample is representative of Spanish manufacturing firms, insofar as the sampling methodology
is dependent on firm size [52,53]. Namely, a random stratified sampling is employed for firms with
more than 10 and fewer than 200 employees, whereas all larger firms (more than 200 employees) are
included in the survey. Those firms that exit the sample for various reasons are replaced by newly
established firms, using the same sampling procedure as in the initial year (1990) [51,52].

https://www.fundacionsepi.es/
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Our sample is an unbalanced panel including 11,141 firm–year observations and covering
the period from 2001 to 2011, of which 980 observations are about firms in high-technology sectors,
1989 observations are on firms in medium-high-technology sectors, 3241 observations are on firms in the
medium-low-tech sector, and 4931 are low-technology firm observations. Non-R&D innovators, termed
neglected or hidden innovators [53–55], account for almost half of innovating firms in Europe [53,55–57].
Therefore, our sample is not restricted to R&D performers (e.g., [54,58,59]), as several studies found
that non-R&D-related firm activities also contribute to their innovation activities [51,54,55].

Table A1 in the Appendix A shows variable description and descriptive statistics. In the
longitudinal sample of Spanish firms in 2001–2011, on average, slightly less than one-fifth of firms
(19.1%) introduced product innovation, while less than one-third of firms (30.5%) engaged in process
innovation. Looking at sectoral innovation activities, as expected, high-tech and medium-high-tech
firms are more innovative than firms in medium-low- and low-tech sectors. For instance, 34.5% of
high-tech firms introduced product innovation relative to 16.2% of low-tech firms. Similarly, 42.1% of
high-tech firms engaged in process innovation compared to 26.7% of low-tech firms.

Concerning cooperative relationships, the largest number of firms cooperated with HEIs and/or
technological parks (22.5%), followed by firms cooperating with suppliers (20.3%) and with customers
(17.6%). The smallest number of firms cooperated with competitors (2.5%). As noted in [13], one of
the objectives of innovation policy in Spain during the last decade is to encourage closer interaction
between firms and universities and other public institutions. This is reflected in our data, as more than
one-fifth of total firms collaborate with universities and technological parks. Looking at the sectoral
cooperative activities, the number of firms cooperating with a certain type of a partner increases as
technological intensity of the industry increases. For example, 40.1% of high-tech firms report to
cooperate with their customers, while only 7.4% of low-tech firms cooperate with this type of partner.
While almost half of high-tech firms (49.4%) cooperate with HEIs, the proportion is three times lower
for low-tech firms (14.2%).

Regarding absorptive capacity, firms on average invest 0.9% of their sales in R&D (in-house and
external) activities. One-fifth of firms have a separate R&D department (21.3%), while the modal firm
employees two R&D personnel. As expected, firms in high-tech and medium-high-tech industries
have a higher absorptive capacity than firms in medium-low- and low-tech industries. While high-tech
firms invest 2.4% of their sales in R&D, low-tech firms invest only 0.3%. More than a half high-tech
firms (53.8%) have a separate R&D department, while this share is only 13.3% for low-tech firms.
High-tech firms employ on average five R&D staff, whereas low-tech firms employ only one R&D staff.

In relation to non-R&D activities, 16.8% of firms conducted a market research and marketing
activities in fostering the commercialization phase of a new product, while 28.2% of firms have
undertaken design activities. The market share of the modal firm is 9.40%, while 35.2% of firms
belong to an enterprise group. On average, firms export one-fifth of their sales (19.6%). A modal
firm has 66 employees, while the average firm age is 30 years. Finally, Tables A2 and A3 show the
correlation matrix, whereby no pairwise correlations are higher than 0.7, thus suggesting no potential
multicollinearity problems [31].

3.2. Model Specification

Following [60], product innovation encompasses the introduction of new or significantly improved
goods or services [7], whereas process innovation includes introduction of new machinery, new methods
of organizing production and new software related to industrial processes. Product innovation aims
for novelty and tends to be more radical, whereas process innovation aims for efficiency and tends to
be more incremental [10]. Thus, the two dependent variables are binary indicators equal to 1 if a firm
introduced a certain type of innovation in period t and zero otherwise. The variable Product innovation
captures product innovation, while the variable Process innovation measures firms’ engagement in
process innovation.
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All regressors (independent variables of interest and control variables) are lagged one period
to take into account that the impact of firms’ internal and external factors on innovation is not
instantaneous, but rather occurs with a time lag [10]. The variables of interests are binary indicators for
cooperation with four types of partners. The variable Cooperation with customerst–1 is equal to 1 if a firm
cooperation for innovation with customers in period t–1, and zero otherwise. The variable Cooperation
with supplierst–1 is equal to 1 if a firm cooperated with suppliers in period t–1, and zero otherwise.
The variable Cooperation with competitorst–1 is equal to 1 if a firm cooperated with competitors in period
t–1, and zero otherwise. Finally, the variable Cooperation with HEIst–1 is equal to 1 if a firm cooperated
with universities and/or technological canters in period t–1, and zero otherwise.

The control variables include a range of variables capturing firm and market characteristics.
The variable Market researcht–1 is a dummy variable (DV) equal to 1 if a contracted market research
and marketing for the commercialization of new products in period t–1 and zero otherwise [54,58].
The variable Designt–1 is equal to 1 if a firm conducted design activities in period t–1, and zero
otherwise [51–55,58]. These two variables were included to control for non-R&D activities that could
lead to innovation. Firms in low- and medium-technology sectors often innovate without R&D,
focusing on adaption and learning by doing through design and process improvements [61]. This is
particularly relevant in the Spanish context, where the manufacturing sector is characterized by a
large number of firms operating in traditional low-technology sectors and of small and medium-sized
firms [54]. In addition, firms can innovate without R&D by combining existing knowledge in new
ways, utilizing industrial design and engineering activities [61].

R&D activities are particularly relevant determinants of technological innovation and of absorptive
capacity [32,61]. Concerning types of innovation, product innovation usually requires a certain degree
of R&D activities [61], while process innovation is more affected by non-R&D activities [62,63] and
by collaboration with suppliers [61,63]. To operationalize absorptive capacity, we include more than
one indicator, as suggested by previous studies [54,55]. Accordingly, we model three variables as a
proxy for absorptive capacity. The first is variable Total R&Dt–1, which measures R&D intensity as a
ratio of total (internal and external) R&D expenditures to sales in period t–1 [10,54,64,65]. The second
variable is the number of R&D personnel in period t–1 in natural logarithm (variable R&D stafft–1).
The third variable is a dummy variable equal to 1 if a firm has technological or R&D department or
committee in period t–1, and zero otherwise (variable R&D department–1) [54]. In accounting for the
market power of firms, we model their market share (variable Market sharet–1) as the weighted sum of a
firm’s market shares in markets in which the firm sells its products in period t–1 [66,67]. This variable
is included to test the hypothesis advanced by [68] known as Mark II or the classical Schumpeterian
hypothesis [69]. According to this hypothesis, large firms, due to their market power, are more likely
to innovate than small firms. “With their accumulated stock of knowledge in specific technological
areas, their advanced competence in large scale R&D projects, production and distribution and their
relevant financial resources, they create barriers to entry to new entrepreneurs and small firms” [69] (p.
47). We also control for firms’ belonging to an enterprise group in period t–1 (variable Groupt–1) [54,59].
It is assumed that innovation activities of individual firms that belong to a group can benefit from the
opportunities arising from organizational synergies within the group. Moreover, firms belonging to a
group might have an easier access to external funding [66]. Firms’ international activities are captured
by the variable Export intensityt–1, as the ratio of exports to sale in period t–1 [32,58,64].

Firm size is proxied by the number of employees in period t–1 (in natural logarithm, variable
Firm sizet–1) [10,32,54]. To account for firms’ experience and learning, we model firm age in period t–1
(in natural logarithm, variable Firm aget–1) [51,64]. Finally, industry heterogeneity is modelled by the
inclusion of dummy variables for 19 sectors (see Table A1 for the list of sectors).

3.3. Empirical Method

Our estimation strategy encompasses a dynamic panel analysis, which, besides controlling for
unobserved heterogeneity and potential reverse causality [70], allows modelling the persistence of
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innovation [43]. More specifically, a dynamic specification accounts for state dependence process of
the dependent variable, modelled as a t–1 lag. The t–1 lagged value of the dependent variable can be
interpreted as true or genuine state dependence, that is, as the causal effect of product and process
innovations in one period on their propensity in the subsequent period.

Specifically, we employ a dynamic random effects probit model with unobserved heterogeneity.
We assume that companies can be characterized by a latent product or process innovation propensity
(y∗it). Formally,

y∗it = γZit−1 + αyit−1 + ci + uit. (1)

In Equation (1), the latent outcome variable y∗it captures the probabilities of introducing product
or process innovation in a firm i (i = 1, . . . ,N) in period t (t = 2001, . . . ,2011) as a function of the set of
time-varying lagged explanatory variables Zit-1 that are considered strictly exogenous, conditional
on the unit-specific unobserved effect ci, while uit is an idiosyncratic error term [70]. The coefficient
α captures the degree of true or genuine state dependence of product or process innovation. That it,
α measures the extent to which engaging in product or process innovation in period t–1 increases or
decreases the likelihood of current product or process innovation in period t. Furthermore, we assume
yit = I(y∗it > 0), that is, binary indicator functions that are equal to 1 if the latent propensity is positive
and 0 otherwise.

Following [44], both unobserved effects and initial conditions should be controlled when exploring
the persistence of innovation. Unobserved firm heterogeneity is associated with the entrepreneurial
attitude toward risk, managerial abilities and other firm-specific (idiosyncratic) characteristics. If both
unobserved heterogeneity and initial conditions are not modeled, spurious persistence could be
misinterpreted as true dependence or persistence. Spurious state dependence arises when unobserved
effects are correlated over time. In this case, initial conditions have to be estimated [46]. Initial condition
problem arises when the initial outcome of the dependent variable does not coincide with the beginning
of the process under investigation. In that case, initial observation is endogenous, i.e., correlated to
the error term, which results in biased estimates of the autoregressive parameter [48]. There are two
approaches to dealing with the initial condition problem. The first was proposed by [71], wherein the
distribution of the initial condition (value) is conditional on unobserved effect and observed exogenous
variables, while [72] suggests an alternative Conditional Maximum Likelihood estimator in which
the distribution of unobserved effect is conditional on the initial condition and exogenous variables.
Therefore, this estimator assumes the exogeneity of the initial conditions [70].

As in most studies that use longitudinal data, our panel is also affected by the initial condition
problem. Namely, we do not have information on the companies since their creation, but only for a
limited period of time. Firms could have introduced product and process innovations prior to our
sample period. In order to account for the problem of initial conditions, we follow the proposal by [72]
presented in Equation (2):

ci = α0 + α1yi0 + α2Zi + α3Zi0 + εi. (2)

The unobserved specific effects ci are estimated conditional on the dependent variable in the
initial period (yi0), the initial values of all time-varying covariates (Zi0) and the within-firm averages of
the explanatory variables

(
Zi
)
, where the averages are based on all periods t = 2001, . . . ,2011. εi is a

firm-specific time-constant error term, normally distributed with mean 0 and variance σ2
ε [70].

4. Empirical Results

Tables 1 and 2 show the results from dynamic random-effects probit models in which the dependent
variables are Product innovation and Process innovation, respectively. Besides analyzing the full
sample, we divided firms into four industry categories based on the technological intensity of industries:
high-technology industries, medium-high-technology industries, medium-low-technology industries and
low-technology industries. This sectoral analysis will enable us to examine whether cooperation with
various partners exerts a differentiated effect depending on the type of industries in which firms operate.
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Table 1. Estimation results from dynamic random-effects probit models. The dependent variable is Product innovation.

Independent Variables Full Sample High-Technology
Industries

Medium-High-Technology
Industries

Medium-Low-Technology
Industries

Low-Technology
Industries

Product innovationt-1 1.171 *** 1.407 *** 0.852 *** 1.345 *** 1.156 ***
(0.060) (0.168) (0.125) (0.116) (0.101)

Variables of interest
Cooperation with customerst-1 −0.015 −0.195 0.086 0.037 −0.064

(0.067) (0.179) (0.127) (0.121) (0.141)
Cooperation with supplierst-1 0.231 *** 0.499 *** 0.293 ** 0.127 −0.088

(0.064) (0.171) (0.128) (0.118) (0.127)
Cooperation with competitorst-1 −0.033 0.370 −0.252 0.377 * −0.271

(0.112) (0.279) (0.193) (0.221) (0.250)
Cooperation with HEIst-1 0.132 ** −0.213 0.040 0.221 ** 0.195 *

(0.057) (0.182) (0.117) (0.100) (0.100)
Control variables
Market researcht-1 0.124 ** 0.244 0.184 0.327 *** 0.019

(0.057) (0.172) (0.124) (0.101) (0.099)
Designt-1 0.159 *** −0.221 0.267 *** −0.005 0.256 ***

(0.049) (0.166) (0.102) (0.091) (0.082)
Total R&Dt-1 −0.121 −4.112 −0.167 2.490 −3.139

(0.323) (3.520) (0.490) (2.779) (3.657)
R&D stafft-1 −0.080 * −0.168 −0.010 −0.047 −0.082

(0.045) (0.149) (0.083) (0.086) (0.086)
R&D departmentt-1 0.136 ** 0.341 * 0.191 0.018 0.085

(0.062) (0.188) (0.120) (0.116) (0.118)
Market sharet-1 −0.001 −0.015 0.004 −0.001 0.001

(0.002) (0.011) (0.005) (0.004) (0.004)
Groupt-1 0.113 ** −0.409 ** 0.141 0.136 0.213 **

(0.057) (0.184) (0.126) (0.094) (0.099)
Export intensityt-1 0.009 0.393 0.881 ** −0.682 −0.549

(0.225) (0.728) (0.381) (0.476) (0.435)
Firm sizet-1 0.146 −0.285 −0.004 0.048 0.256

(0.105) (0.386) (0.233) (0.199) (0.167)
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Table 1. Cont.

Independent Variables Full Sample High-Technology
Industries

Medium-High-Technology
Industries

Medium-Low-Technology
Industries

Low-Technology
Industries

Firm aget-1 −0.017 0.143 −0.068 0.014 −0.034
(0.047) (0.157) (0.104) (0.078) (0.081)

Initial conditions
Initial product innovation 0.781 *** 0.909 *** 0.814 *** 0.435 *** 0.927 ***

(0.075) (0.230) (0.154) (0.125) (0.137)
Initial total R&D 1.409 −2.578 1.453 −2.989 −6.181

(1.323) (4.317) (2.381) (4.602) (5.376)
Initial RD staff −0.197 *** −0.295 −0.203 −0.010 −0.483 ***

(0.070) (0.218) (0.126) (0.110) (0.176)
Initial market share −0.001 0.002 0.002 −0.003 −0.002

(0.002) (0.011) (0.004) (0.004) (0.005)
Initial export intensity 0.255 −0.726 0.409 0.157 0.548

(0.263) (0.976) (0.468) (0.490) (0.513)
Initial firm size −0.338 *** −0.304 −0.381 −0.347 * −0.164

(0.111) (0.334) (0.245) (0.182) (0.205)
Group mean controls

Mean total R&Dt-1 0.134 4.717 0.059 10.207 * 17.922 **
(0.429) (6.174) (0.535) (5.814) (7.127)

Mean R&D stafft-1 0.369 *** 0.591 ** 0.336 ** 0.179 0.804 ***
(0.091) (0.297) (0.166) (0.155) (0.215)

Mean market sharet-1 0.006 0.019 −0.002 0.006 0.000
(0.004) (0.017) (0.007) (0.007) (0.007)

Mean export intensityt-1 0.044 0.922 −0.835 0.519 0.491
(0.383) (1.366) (0.663) (0.750) (0.745)

Mean firm sizet-1 0.210 0.500 0.315 0.293 0.002
(0.163) (0.549) (0.361) (0.294) (0.276)

Constant −2.139 *** −2.251 *** −1.817 *** −2.191 *** −2.505 ***
(0.194) (0.611) (0.405) (0.294) (0.320)

σ2
u

0.273
(0.049)

0.215
(0.136)

0.361
(0.114)

0.034
(0.058)

0.399
(0.103)

No of observations 11,141 980 1989 3241 4931

Notes: Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1. Industry and time dummies are included but not reported for the sake of space (available upon request). In the full
sample and in the medium-high-technology sample, the base industry category is Machinery and equipment. In the high-technology sample, the base industry category is Chemicals and
pharmaceuticals. In the medium-low-technology sample, the base industry is Fabricated metal products. In the low-technology sample, the base industry is Food and tobacco.
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Table 2. Estimation results from dynamic random-effects probit models. The dependent variable is Process innovation.

Independent Variables Full Sample High-Tech Medium-High-Tech Medium-Low-Tech Low-Tech

Process innovationt-1 1.094 *** 1.430 *** 1.135 *** 1.171 *** 0.988 ***
(0.044) (0.152) (0.098) (0.087) (0.068)

Variables of interest
Cooperation with customerst-1 0.065 −0.231 0.121 0.064 0.179

(0.058) (0.145) (0.110) (0.111) (0.119)
Cooperation with supplierst-1 0.157 *** 0.288 ** 0.112 0.165 0.031

(0.057) (0.144) (0.110) (0.110) (0.107)
Cooperation with competitorst-1 −0.110 0.388 * −0.155 −0.302 −0.145

(0.100) (0.222) (0.169) (0.217) (0.219)
Cooperation with HEIst-1 0.158 *** 0.076 0.091 0.155 * 0.207 ***

(0.047) (0.140) (0.096) (0.088) (0.079)
Control variables
Market researcht-1 0.003 −0.104 −0.116 0.086 0.051

(0.048) (0.139) (0.105) (0.097) (0.076)
Designt-1 0.122 *** −0.023 0.113 −0.021 0.191 ***

(0.039) (0.137) (0.084) (0.078) (0.061)
Total R&Dt-1 0.198 2.669 0.289 −2.735 −7.548 **

(0.219) (3.079) (0.295) (2.795) (3.268)
R&D stafft-1 −0.074 * −0.252 * 0.036 −0.060 −0.051

(0.040) (0.129) (0.074) (0.078) (0.077)
R&D departmentt-1 0.088 * 0.487 *** 0.031 −0.068 0.127

(0.054) (0.154) (0.102) (0.107) (0.097)
Market sharet-1 0.002 −0.004 0.005 0.004 0.002

(0.002) (0.008) (0.004) (0.004) (0.003)
Groupt-1 −0.002 −0.334 ** 0.019 0.127 −0.007

(0.044) (0.146) (0.096) (0.079) (0.071)
Export intensityt-1 −0.131 0.168 −0.373 −0.096 −0.102

(0.192) (0.602) (0.346) (0.368) (0.359)
Firm sizet-1 0.176 ** −0.007 −0.068 0.143 0.350 ***

(0.085) (0.317) (0.197) (0.157) (0.132)
Firm aget-1 −0.069 * −0.158 0.052 0.000 −0.171 ***

(0.035) (0.112) (0.078) (0.065) (0.055)
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Table 2. Cont.

Independent Variables Full Sample High-Tech Medium-High-Tech Medium-Low-Tech Low-Tech

Initial conditions
Initial process innovation 0.468 *** 0.568 *** 0.360 *** 0.480 *** 0.468 ***

(0.047) (0.175) (0.103) (0.090) (0.074)
Initial total R&D 0.215 1.863 −0.086 −3.022 −5.601

(1.098) (3.255) (1.868) (3.955) (4.015)
Initial RD staff −0.057 −0.016 −0.035 0.022 −0.228 *

(0.056) (0.161) (0.097) (0.101) (0.122)
Initial market share −0.001 −0.004 0.004 −0.002 −0.001

(0.002) (0.008) (0.003) (0.003) (0.003)
Initial export intensity 0.288 0.027 0.162 0.521 0.628 *

(0.203) (0.657) (0.347) (0.427) (0.369)
Initial firm size −0.466 *** −0.497 ** −0.654 *** −0.484 *** −0.274 **

(0.084) (0.242) (0.189) (0.153) (0.139)
Group mean controls

Mean total R&Dt-1 −0.028 −6.476 −0.122 11.107 ** 16.956 ***
(0.379) (5.177) (0.438) (5.328) (5.287)

Mean R&D stafft-1 0.189 ** 0.270 0.043 0.192 0.397 **
(0.076) (0.237) (0.134) (0.144) (0.164)

Mean market sharet-1 0.000 0.011 −0.004 −0.005 0.000
(0.003) (0.013) (0.006) (0.006) (0.005)

Mean export intensityt-1 0.063 −0.290 0.477 −0.269 −0.135
(0.310) (1.013) (0.540) (0.625) (0.578)

Mean firm sizet-1 0.365 *** 0.651 0.773 *** 0.397 * 0.001
(0.128) (0.450) (0.292) (0.236) (0.204)

Constant −1.513 *** −1.215 *** −1.821 *** −1.706 *** −1.017 ***
(0.145) (0.450) (0.303) (0.242) (0.205)

σ2
u

0.114
(0.028)

0.018
(0.089)

0.105
(0.061)

0.062
(0.049)

0.115
(0.043)

No of observations 11,141 980 1989 3241 4931

Notes: Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1. Industry and time dummies are included but not reported for the sake of space (available upon request). In the full
sample and in the medium-high-technology sample, the base industry category is Machinery and equipment. In the high-technology sample, the base industry category is Chemicals and
pharmaceuticals. In the medium-low-technology sample, the base industry is Fabricated metal products. In the low-technology sample, the base industry is Food and tobacco.
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To quantitatively interpret the impact of cooperative partners and the magnitude of persistence
of product and process innovations, we estimate the average partial effects in Tables 3 and 4 below.
Looking at Table 3, the largest effect on the propensity to product innovation has the introduction of
past product innovation, which represents true or genuine state dependence. This largest partial effect
is found in the full sample, as well as in subsamples of industries. For instance, in the full sample, the
likelihood of contemporaneous product innovation increases by 25.3% if a firm introduced product
innovation in the previous period. Concerning sectoral analysis, the largest persistence, unsurprisingly,
is found in high-technology industries. Namely, firms in high-technology sectors are 37.8% more
likely to introduce contemporaneous product innovation if they introduced product innovation in the
previous period. Even the smallest partial effect for firms in medium-high-tech industries of 19.8% is
large enough to be economically substantial (i.e., neither too large to be implausible nor too small to be
of no policy interest).

Table 3. Average partial effects for the model in which the dependent variable is Product innovation.

Independent Variables Full
Sample

High-Technology
Industries

Medium-High-Technology
Industries

Medium-Low-Technology
Industries

Low-Technology
Industries

Product innovationt-1 0.253 *** 0.378 *** 0.198 *** 0.302 *** 0.217 ***
(0.021) (0.067) (0.039) (0.045) (0.032)

Cooperation with
customerst-1

−0.002 −0.037 0.016 0.005 −0.008

(0.010) (0.034) (0.024) (0.015) (0.017)
Cooperation with

supplierst-1
0.034 *** 0.095 *** 0.056 ** 0.016 −0.011

(0.009) (0.032) (0.024) (0.015) (0.016)
Cooperation with

competitorst-1
−0.005 0.071 −0.048 0.047 * −0.034

(0.016) (0.053) (0.037) (0.028) (0.031)
Cooperation with HEIst-1 0.019 ** −0.041 0.008 0.028 ** 0.024 *

(0.008) (0.035) (0.022) (0.013) (0.012)

Notes: Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.

Table 4. Average partial effects for the model in which the dependent variable is Process innovation.

Independent Variables Full
Sample

High-Technology
Industries

Medium-High-Technology
Industries

Medium-Low-Technology
Industries

Low-Technology
Industries

Process innovationt-1 0.326 *** 0.456 *** 0.364 *** 0.348 *** 0.280 ***
(0.017) (0.064) (0.040) (0.035) (0.026)

Cooperation with
customerst-1

0.015 −0.054 0.032 0.014 0.040

(0.013) (0.034) (0.029) (0.025) (0.026)
Cooperation with

supplierst-1
0.036 *** 0.067 ** 0.028 0.036 0.007

(0.013) (0.034) (0.029) (0.024) (0.024)
Cooperation with

competitorst-1
−0.025 0.091 * −0.038 −0.067 −0.032

(0.023) (0.052) (0.044) (0.048) (0.048)
Cooperation with HEIst-1 0.037 *** 0.018 0.023 0.034 * 0.046 ***

(0.011) (0.033) (0.025) (0.019) (0.017)

Notes: Standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.

Regarding the average partial effects for process innovation showed in Table 4, the largest effect
on the propensity to process innovation has the previous process innovation. This implies that for both
types of technological innovation, true state dependence is the key factor affecting the propensity to
innovate. In the full sample of manufacturing firms, the propensity to introduce process innovation in
the current period is 32.6% if a firm introduced process innovation in the previous period. Looking at
the results by sectors, similar to product innovation, the largest true dependence is found for firms
in high-technology industries. The probability of process innovation increases by 45.6% if high-tech
firms introduced new processes in the previous period. The smallest effect of 28% is reported for
low-technology industries. This result implies that even firms that have the lowest technology intensity
are almost one-third more likely to innovate in the current period as a result of process innovation in
the previous period.
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Next we focus on interpreting the average partial effects of cooperation with different
partners. With respect to cooperation with suppliers, its impact on product innovation in more
technology-intensive industries is positive and statistically significant. Namely, firms in high-tech
industries that cooperate with suppliers are 9.5% (p < 0.01) more likely to introduce product
innovation than those firms that do not cooperate, while this propensity is 5.6% (p < 0.05) for
firms in medium-high-tech industries. For process innovation, its propensity increases by 6.7%
(p < 0.05) in high-tech firms that cooperate with suppliers.

Regarding cooperation with competitors, we found a marginally significant (p < 0.10) and positive
effect of this type of partnership on product innovation in medium-low-tech firms and on process
innovation in high-tech firms (p < 0.10).

Cooperation with HEIs has positive, but rather small, effects on technological innovations in firms
operating in sectors characterized by a lower technology intensity. Concerning product innovation,
medium-low-tech firms are 2.8% more likely to engage in this type of innovation (p < 0.05) than firms
in the same sectors that do not cooperate with HEIs. A similar effect with respect to the magnitude is
found in low-tech firms, although only marginally significant (p < 0.10). The magnitude of the effects
is slightly higher in the case of process innovation. Cooperating with HEIs increases the likelihood of
process innovation in medium-low-tech industries by 3.4% (although only marginally, p < 0.10) and in
low-tech firms by 4.6% (p < 0.01).

Next we focus on the estimated impact of control variables. Regarding absorptive capacity, we
found a mixed impact on both types of technological innovations. R&D intensity has no impact on
both product and process innovations and even has a negative effect on process innovation in firms in
low-tech industries. Having an R&D department marginally increases the probability of introducing
product innovation in high-tech firms (p < 0.10), but the impact on process innovation is much stronger
(p < 0.01) and larger. R&D staff has a marginally (p < 0.10) negative effect on process innovation in
high-tech firms.

Interesting results are found for non-R&D activities. Namely, we found a positive and significant
impact of market research on product innovation in medium-low-tech firms, whereas design increases
the likelihood of product innovation in both medium-high-tech and medium-low-tech industries and
on process innovation in low-tech industries. The impact of market share on both product and process
innovations is not statistically significant in any industry. Thus, there is sufficient evidence to reject the
classical Schumpeterian hypothesis Mark II that firms with market power are more likely to innovate.

Belonging to an enterprise group has a differential effect on product innovation. While for
high-tech firms belonging to a group negatively affects the propensity to innovate (p < 0.05), the impact
is positive for low-tech firms (p < 0.05). These results are repeated for process innovation, except that
we found no effect in low-tech firms. Exporting firms in medium-high-tech industries have a higher
likelihood of undertaking product innovation than non-exporting firms belonging to the same type
of industries. However, the effect of export on process innovation is not significant in any type of
industries. Regarding the effect of firm size, the results suggest no differences in the propensity to
introduce product innovation between large and small firms. We do find a significant effect (p < 0.01)
in the case of process innovation in low-tech firms. Namely, large firms in low-tech industries are more
likely to introduce process innovation than their smaller counterparts. Finally, firm age has a negative
and significant impact on process innovation in low-tech firms. Thus, younger, low-tech firms are
more prone to undertaking this type of innovation than their older counterparts.

Table 5 summarizes empirical findings in relation to each hypothesis, which will be discussed in
the following section.
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Table 5. Summary of decisions on hypotheses.

Hypothesis Full Sample
Decision

High-Technology
Industries

Medium-High-Technology
Industries

Medium-Low-Technology
Industries

Low-Technology
Industries

H1A: Collaboration with HEIs has a larger positive impact on
product innovation than collaboration with customers,
suppliers or competitors.

Partial
acceptance Rejection Rejection Partial acceptance Acceptance

H1B: Collaboration with HEIs has a larger positive impact on
process innovation than collaboration with customers or
competitors but a smaller positive impact on process
innovation than collaboration with suppliers.

Partial
acceptance Rejection Rejection Rejection Rejection

H2A: Collaboration with customers has a smaller positive
impact on product innovation than collaboration with HEIs or
suppliers but a larger positive impact on product innovation
than collaboration with competitors.

Rejection Rejection Rejection Rejection Rejection

H2B: Collaboration with customers has a smaller positive
impact on process innovation than collaboration with HEIs,
suppliers, or competitors.

Rejection Rejection Rejection Rejection Rejection

H3A: Collaboration with suppliers has a smaller positive
impact on product innovation than collaboration with HEIs,
but a larger positive impact on process innovation than
collaboration with customers or competitors.

Partial
acceptance

Partial
acceptance Partial acceptance Partial acceptance Partial

acceptance

H3B: Collaboration with suppliers has a larger positive impact
on process innovation than collaborations with HEIs,
customers, and competitors.

Rejection Rejection Rejection Rejection Rejection

H4A: Collaboration with competitors has a smaller positive
impact on product innovation than collaboration with HEIs,
customers or suppliers.

Partial
acceptance

Partial
acceptance Partial acceptance Partial acceptance Partial

acceptance

H4B: Collaboration with competitors has a smaller positive
impact on process innovation than collaborations with HEIs or
suppliers, but a larger positive impact than collaborations with
customers.

Rejection Rejection Rejection Rejection Rejection
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5. Discussion

This study investigates the impact of cooperation with different partners on technological, product
and process, innovations in Spanish manufacturing firms. Moreover, the study examines how
state dependence, unobserved heterogeneity, and observed heterogeneity jointly affect innovation
performance. The literature suggests several reasons for the persistence in innovation performance
and thus, it is necessary to model state dependence after controlling for unobserved heterogeneity
across firms. For this purpose, a dynamic random effects probit model that solves the initial conditions
problem using the Wooldridge solution is estimated. A random effects specification explicitly introduces
unobserved individual heterogeneity into the dynamic model by specifying random effects.

The empirical results for both product and process innovations indicate the presence of significant
dynamics of genuine state dependence and unobserved heterogeneity across firms. Concerning
genuine state dependence, the effects are not only highly statistically significant, but also rather
large in magnitude. On average, in the full sample, firms that introduced product innovation in the
previous period are 25.3% more likely to innovate again in the current period. Looking at the sectoral
results, the largest persistence is found in high-technology industries, followed by medium-low-
and low-technology industries, while the smallest effect is found in medium-high-tech industries.
The magnitude of genuine state dependence is even higher for process innovation. Namely, previous
engagement in process innovation increase the likelihood of current propensity to process innovation by
32.6% in the full sample. Concerning sectoral analysis, the largest effect is estimated for high-technology
industries and the smallest for low-technology industries.

However, we also found significant effects of unobserved heterogeneity captured by the initial
condition and the within-unit averages of time-varying independent variables. Here we found a
statistically significant (p < 0.01) and substantial positive effect of the initial condition of product
innovation in the full sample, as well as in each industry category. In addition, the initial conditions
for R&D staff are negative and significant in low-technology industries, while initial firm size has a
marginally (p < 0.10) negative effect in medium-low-tech firms. For process innovation, we found
a statistically significant (p < 0.01) and substantial positive effect of the initial condition of process
innovation in the full sample, as well as in each industry category. Another significant initial condition
is found for firm size, suggesting that the propensity to process innovation is negatively affected by
initial firm size. This result holds for each industry category. The evidence of unobserved heterogeneity
indicates that those characteristics that are correlated with unobserved variables are associated with
innovation performance, that is, firms are characterized by time-constant unobserved variables that
affect their propensity to innovate. Quantitatively, approximately 21% for product innovation and
10% for process innovation of the latent error variance is attributable to unobserved heterogeneity, as
measured by the intra-unit correlation coefficient (ICC), ρ = σ2

u/
(
1 + σ2

u

)
.

Focusing on our formulated hypotheses regarding cooperation for innovation, we find no evidence
to support our hypotheses, with one exception (H1a in low-tech firms). Our results also reveal that
firms exert no benefits from a portfolio approach to cooperation [34]. Namely, we find distinct patterns
of individual effects of different cooperative partners. Regarding product innovation, firms in the full
sample are positively affected by cooperate with suppliers (p < 0.01) and with HEIs (p < 0.05) and the
impact of suppliers is larger than the impact of HEIs, as the average partial effects are 0.034 and 0.019,
respectively. However, sectoral analysis has revealed that firms in high-tech and medium-high-tech
industries benefit solely by cooperating with suppliers, while firms at a low level of technology intensity
(medium-low- and low-tech industries) benefit solely from cooperating with HEIs. Therefore, although
a larger number of firms at a higher technology level engage in any type of cooperation than firms
at a lower technology level (see Table A1 with descriptive statistics), they only seem to benefit from
cooperation with suppliers.

Looking at the average partial effects of cooperation on process innovation, quantitatively we
found the same pattern as for product innovation, although the magnitude of impact is the same
for cooperation with HEIs as for cooperation with suppliers. Namely, in the full sample, our results



Sustainability 2019, 11, 2479 20 of 31

indicate that the propensity to process innovation increases by 3.6% and 3.7% from cooperation with
suppliers and HEIs, respectively. These magnitudes are statistically the same, as their 95% significance
intervals overlap. Focusing on sectoral analysis, high-tech firms benefit the most from cooperation with
suppliers and marginally from competitors, while medium-high-tech firms seem to obtain no benefits
from cooperation. Finally, cooperating with HEIs increases the propensity to process innovation in
medium-low-tech industries (although only marginally, p < 0.10) and in low-tech industries (p < 0.01).

In summing up, similar to [10], we found that upstream collaboration with suppliers and HEIs has
significantly higher impact on product and process innovation than downstream collaboration with
customers and competitors. Therefore, accessibility rather than availability of knowledge matters the
most for technological innovations. The summary of main results is presented in Figure 3 for high-tech
firms, Figure 4 for medium-high-tech firms, in Figure 5 for medium-low-tech firms and in Figure 6 for
low-tech firms.
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Although firms in our sample cooperate with all four partners, as can be seen in Table A1 with
descriptive statistics, empirical findings suggest that a single type of partner positively contributes to
the technological aspects of firms’ innovation performance. This finding could point out to a low degree
of transformation capability in Spanish firms. Namely, absorptive capacity has four dimensions [73],
including transformation capability, which refers to the integration of newly acquired knowledge
from external sources into the firm’s internal knowledge base [74]. In relation to our study, the lack of
evidence on the benefits of a portfolio approach to cooperation could suggest that Spanish firms do
not possess enough transformation capability to integrate acquired external knowledge from various
partners. According to Forés and Camisón [74], accumulating knowledge, whether from internal or
external sources, is a necessary but not sufficient condition for firms’ survival, because if firms do not
convert that new knowledge into technological and/or non-technological innovations, “superior rents
will not be obtained” [74] (p. 833]. Given the path-dependent nature of absorptive capacity [18,74],
Spanish firms might be “locked in” at a permanently low degree of transformation capability.
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Another potential explanation for the lack of benefits of the portfolio approach to innovation found
in the study could be that the cooperation depth is not sufficient to exert a positive innovation effect.
Namely, while we are able to investigate the impact of cooperation breadth reflected in cooperation
with various partners, we are unable to control for cooperation depth. This refers to the intensity of
cooperation with various partners [38]. It could be that firms are willing to cooperate with various
partners but find it difficult to establish and maintain intensive cooperative relationships due to the
lack of trust and the risk of knowledge leakage. According to Ritala et al. [75], knowledge leakage
can be particularly harmful in the process of the development of product and process innovations,
prior to their commercialization. In this stage of the innovation process, firms cannot use any formal
mechanisms of protection, such as patents and trademarks, and must resort to secrecy and speed
to market to minimize the risk of knowledge leakage and opportunistic behavior of a cooperative
partner [49,76]. Therefore, although the literature emphasizes a positive impact of a strategic and
intensive cooperation on innovation performance [77], Spanish firms might be struggling to establish
and maintain trustful relations with cooperative partners and overcome the fear of knowledge leakage.

Finally, the “attention-based” view of the firm [78] recognizes that management attention is a key
but finite resource for firms. In the case of cooperation, the “attention allocation problem” would arise
because cooperation with different partners is demanding on management attention and thus entails
an opportunity cost with respect to other innovation activities. Once a firm reaches a certain number
of collaborative partners, managers do not have enough time and effort to dedicate to additional
collaborative partners [14]. If this argument holds in practice, it would mean that Spanish firms,
especially those with limited management resources, should focus on fewer cooperative partnerships,
rather than spreading their resources thinly and thus underutilizing external knowledge.

6. Conclusions

Based on the accessibility and availability of knowledge, the study investigates how cooperative
ties with customers, suppliers, competitors and HEIs influence product and process innovations in
Spanish manufacturing firms. Empirical results from the dynamic probit models reveal positive
and significant effects of cooperation with suppliers and HEIs on both types of innovations.
Greco et al. [79], in their review of empirical evidence on the impact of inbound, outbound, and coupled
open innovation practices on firms’ innovation performance, concluded that supplier-based and
research-institution-based coupled practices (i.e., collaborative ties) uniformly had positive innovation
effects in previous empirical studies. Our results from the full sample are consistent with this conclusion.

Furthermore, we extended the analysis by dividing all manufacturing sectors into four categories
depending on their degree of technological intensity. Empirical findings from sectoral analysis indicate
that cooperation with suppliers positively and significantly increases the propensity to technological
innovations in high-technology and medium-high-tech industries, while cooperation with universities
has a positive effect on technological innovations in medium-low- and low-technology firms. Therefore,
looking at the findings from sectoral analysis, we can conclude that, although firms cooperate with all
four cooperative partners, only one type has a positive influence on the propensity to technological
innovations. These results have direct policy implications. Policy makers should avoid adopting the
“one size fits all policy,” but rather focus on encouraging collaboration between universities and firms
operating in low-technology industries.

Concerning the lack of findings on the impact of cooperation with customers on innovation
performance, this could be explained by the fact that firms, when cooperating with customers, focus
on the commercialization of new products [36]. That would mean that the impact on the technological
aspects of innovation, i.e., the introduction of product and process innovations, is unaffected by
customer involvement, as our findings suggest. However, we do not have a measure of the market
success (that is, innovative sales) available in our dataset, so future research on Spanish manufacturing
firms could test this proposition.
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Regarding the dimensions of knowledge relevant for product and process innovations, overall
findings indicate that accessibility, rather than availability, increases the likelihood of firms’ engagement
in technological innovations, in particular product innovation. This finding is consistent with [7] for
product innovation and [10] for process innovation. Both studies used the same survey of the Spanish
firms as in our study but cover 1998–2002. In this respect, our study can be regarded as a follow-up
study to [7,10], while taking into account the persistence of product and process innovations.

Another important finding from the empirical analysis is the magnitude of genuine state
dependence in product and process innovations. To distinguish between true and spurious state
dependence is of considerable interest for policy makers. For example, if there exists true state
dependence in technological innovations, then short-term innovation policies tend to improve firms’
innovation activities in the long term. On the other hand, if unobserved heterogeneity is correlated over
time and not properly controlled for, then the past innovation activity may appear to be a determinant of
future innovation performance, solely because it is a proxy for such temporally persistent unmeasured
variables. In this case, short-term innovation policies have no effect on the longer-term innovation
performance. Our empirical evidence implies a large degree of true or genuine state dependence, thus
short-term innovation policies should have a large impact on innovation performance in firms that are
already innovating.

Regarding theoretical contributions, our study contributes to the innovation management literature
in two important ways. First, this study finds that Spanish firms do not benefit from a portfolio approach
to cooperation [34]. Namely, although firms cooperate to a varying degree with customers, suppliers,
competitors and universities, only cooperating with a single type of partner increases firm innovation
performance measured through the technological aspects of the innovation process. Specifically,
cooperating with suppliers fosters technological innovations in firms operating in industries at a higher
level of technological intensity, while cooperating with universities enhances innovation performance
of firms operating in industries at a lower level of technological intensity. We offer several potential
explanations for the lack of the positive effects of cooperating with a broad network of partners.

Second, our study empirically contributes to the longstanding discussion on the impact of
cooperation on innovation performance. Although the potential benefits and costs of cooperating
with individual partners are well established in the innovation management literature, little empirical
research combines insights from two streams of research—on the impact of cooperation on innovation
and on the persistence of innovation. By estimating dynamic models, we account for two prominent
features of innovation activities: their persistence and the impact of unobserved heterogeneity.
Few previous empirical studies explore the effectiveness of cooperation for innovation in a dynamic
context that encompasses unobserved firm heterogeneity and accounts for initial conditions.

The influence of cooperation on innovation performance is a relevant topic not only in innovation
research but also in industry practice. Our study has important managerial implications. First, managers
in Spanish firms, especially those responsible for establishing and maintaining cooperative relations,
should be aware that cooperating with a broad range of different partners is not necessarily beneficial to
their firm’s innovation performance. They should identify potential issues that prevent their companies
to fully reap the benefits of cooperation in the form of technological innovations. Potential issues that
could cause limited benefits from cooperation are a low degree of transformation capability in Spanish
companies and the risk of opportunistic behavior and knowledge leakage. If managers are able to
uncover the causes of sub-optimal effects of cooperation, it will have a far-reaching positive influence
on innovation performance. Moreover, policy makers, besides continuing to support cooperation with
public institutions, in particular with universities, should investigate why Spanish firms struggle to
transform external knowledge into superior innovation performance and could potentially design
novel policy instruments or modify existing ones to address this issue.

Second, our study shows that the largest positive effect on innovation performance has true or
genuine state dependence. Therefore, if firms are currently locked in at a low degree of transformation
capability, resolving this issue in the future can have a multiplying effect on innovation performance
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not only through the increase of cooperation effects but also through enhancing firms’ absorptive
capacity. The latter is characterized by a path-dependent nature, which suggests that enhancing
absorptive capacity has long-term strategic consequences. Finally, managers should be aware of
negative consequences of the “attention allocation problem” and consider whether they have enough
time and whether they put enough effort into maintaining existing cooperative relations and absorbing
the optimal level of external knowledge. If not, then they could use strategic foresight to consider
various scenarios [80] that might improve innovation performance, such as reducing the number of
partners or delegating managerial responsibilities so that existing relations can be maintained, and new
ones established.

Notwithstanding the contributions of the study, it suffers from limitations that can offer avenues
for further research. First, a similar model could be estimated for small and large firms separately.
In this way, we could compare how various cooperative relationships affect innovation activities in
different firm size categories. Second, our study investigates the impact of cooperation with external
organizations on technological innovations in Spain. Estimating the model for other countries would
provide the basis for a comparison with our findings. Finally, the findings from this study are limited
to manufacturing firms. It would be interesting to examine a cooperation-innovation relationship in
the service sector and identify similarities and differences between the manufacturing and service
sector [7,81].
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Appendix A

Table A1. Variable description and summary statistics.

Variable Name Variable Description Full Sample High-Technology
Industries

Medium-High-Technology
Industries

Medium-Low-Technology
Industries

Low-Technology
Industries

Mean
(Standard Deviation)

Mean
(Standard Deviation)

Mean
(Standard Deviation)

Mean
(Standard Deviation)

Mean
(Standard Deviation)

Product innovation DV = 1 if a firm introduced product innovation in
period t; zero otherwise

0.191
(0.393)

0.345
(0.476)

0.285
(0.452)

0.131
(0.337)

0.162
(0.369)

Process innovation DV = 1 if a firm introduced process innovation in
period t; zero otherwise

0.305
(0.460)

0.421
(0.494)

0.383
(0.486)

0.277
(0.448)

0.267
(0.443)

Cooperation with
customerst-1

DV = 1 if a firm cooperated with customers in period
t–1; zero otherwise

0.176
(0.381)

0.401
(0.490)

0.336
(0.472)

0.161
(0.368)

0.074
(0.262)

Cooperation with
supplierst-1

DV = 1 if a firm cooperated with suppliers in period
t–1; zero otherwise

0.203
(0.402)

0.380
(0.486)

0.369
(0.483)

0.162
(0.368)

0.127
(0.333)

Cooperation with
competitorst-1

DV = 1 if a firm cooperated with competitors in period
t–1; zero otherwise

0.025
(0.157)

0.073
(0.261)

0.050
(0.218)

0.017
(0.128)

0.013
(0.114)

Cooperation with
HEIst-1

DV = 1 if a firm cooperated with HEIs and/or
technological parks in period t–1; zero otherwise

0.225
(0.417)

0.494
(0.500)

0.363
(0.481)

0.190
(0.392)

0.142
(0.349)

Market researcht-1

DV = 1 if a firm carried out or contracted market
studies and marketing for the commercialization of
new products in period t–1; zero otherwise

0.168
(0.372)

0.343
(0.475)

0.173
(0.379)

0.121
(0.326)

0.158
(0.365)

Designt-1
DV = 1 if a firm has undertaken design activities in
period t–1; zero otherwise

0.282
(0.450)

0.323
(0.468)

0.395
(0.489)

0.207
(0.405)

0.264
(0.441)

TotalR&Dt-1

R&D intensity equal to total (internal and external)
R&D expenditures in period t–1 divided by sales in
period t–1

0.009
(0.108)

0.024
(0.040)

0.023
(0.283)

0.005
(0.014)

0.003
(0.014)

Market sharet-1
Weighted sum of a firm’s market shares in markets in
which it sells its products in period t–1

9.396
(17.374)

10.952
(16.504)

12.064
(19.475)

9.667
(17.577)

7.843
(16.055)

R&D stafft-1
Number of R&D personnel (in natural logarithm) in
period t–1

0.582
(1.117)

1.630
(1.641)

1.112
(1.496)

0.412
(0.868)

0.290
(0.723)

Groupt-1
DV = 1 if a firm belongs to an enterprise group in
period t–1; zero otherwise

0.352
(0.478)

0.566
(0.496)

0.489
(0.500)

0.350
(0.477)

0.253
(0.435)

R&D departmentt-1
DV = 1 if a firm has technological or R&D department
or committee in period t–1; zero otherwise

0.213
(0.409)

0.538
(0.499)

0.333
(0.472)

0.166
(0.372)

0.133
(0.340)

Export intensityt-1 The ratio of exports to sales in period t–1 0.196
(0.270)

0.286
(0.289)

0.341
(0.313)

0.189
(0.273)

0.125
(0.211)

Firm sizet-1
Number of employees in period t–1 (in natural
logarithm)

4.182
(1.453)

4.774
(1.429)

4.732
(1.549)

4.103
(1.427)

3.893
(1.383)

Firm aget-1 Firm age in period t–1 (in natural logarithm) 3.414
(0.515)

3.565
(0.533)

3.452
(0.522)

3.379
(0.493)

3.420
(0.507)

Meat products DV = 1 if a firm operates in sector “Meat products”;
zero otherwise

0.032
(0.176)

0.073
(0.261)
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Table A1. Cont.

Variable Name Variable Description Full Sample High-Technology
Industries

Medium-High-Technology
Industries

Medium-Low-Technology
Industries

Low-Technology
Industries

Mean
(Standard Deviation)

Mean
(Standard Deviation)

Mean
(Standard Deviation)

Mean
(Standard Deviation)

Mean
(Standard Deviation)

Food and tobacco DV = 1 if a firm operates in sector “Food and tobacco”;
zero otherwise

0.094
(0.293)

0.215
(0.411)

Beverage DV = 1 if a firm operates in sector “Beverage”; zero
otherwise

0.020
(0.139)

0.045
(0.206)

Textiles and clothing DV = 1 if a firm operates in sector “Textiles and
clothing”; zero otherwise”; zero otherwise

0.072
(0.258)

0.161
(0.367)

Leather, fur and
footwear

DV = 1 if a firm operates in sector “Leather, fur and
footwear”; zero otherwise

0.026
(0.158)

0.057
(0.233)

Timber DV = 1 if a firm operates in sector “Timber”; zero
otherwise

0.038
(0.191)

0.086
(0.280)

Paper DV = 1 if a firm operates in sector “Paper”; zero
otherwise

0.037
(0.188)

0.085
(0.279)

Printing DV = 1 if a firm operates in sector “Printing”; zero
otherwise

0.048
(0.214)

0.108
(0.311)

Chemicals and
pharmaceuticals

DV = 1 if a firm operates in sector “Chemicals and
pharmaceuticals”; zero otherwise

0.067
(0.250)

0.772
(0.419)

Plastic and rubber
products

DV = 1 if a firm operates in sector “Plastic and rubber
products”; zero otherwise

0.053
(0.225)

0.184
(0.388)

Nonmetal mineral
products

DV = 1 if a firm operates in sector “Nonmetal mineral
products”; zero otherwise

0.076
(0.265)

0.260
(0.439)

Basic metal products DV = 1 if a firm operates in sector “Basic metal
products”; zero otherwise

0.034
(0.180)

0.116
(0.320)

Fabricated metal
products

DV = 1 if a firm operates in sector “Fabricated metal
products”; zero otherwise

0.129
(0.335)

0.440
(0.496)

Machinery and
equipment

DV = 1 if a firm operates in sector “Machinery and
equipment”; zero otherwise

0.060
(0.238)

0.332
(0.471)

Computer products,
electronics and optical

DV = 1 if a firm operates in sector “Computer products,
electronics and optical”; zero otherwise

0.020
(0.142)

0.228
(0.419)

Electric materials and
accessories

DV = 1 if a firm operates in sector “Electric materials
and accessories”; zero otherwise

0.044
(0.204)

0.242
(0.429)

Vehicles and
accessories

DV = 1 if a firm operates in sector “Vehicles and
accessories”; zero otherwise

0.052
(0.223)

0.304
(0.460)

Other transport
equipment

DV = 1 if a firm operates in sector “Other transport
equipment”; zero otherwise

0.022
(0.148)

0.122
(0.328)

Furniture DV = 1 if a firm operates in sector “Furniture”; zero
otherwise

0.053
(0.224)

0.121
(0.325)

Other manufacturing DV = 1 if a firm operates in sector “Other
manufacturing”; zero otherwise

0.023
(0.150)

0.049
(0.217)
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Table A2. Correlation matrix in the full sample.

1. 2. 3. 4. 5. 6. 7. 8. 9. 10.

1. Cooperation with customerst-1 1.000
2. Cooperation with supplierst-1 0.680 *** 1.000
3. Cooperation with competitorst-1 0.480 *** 0.491 *** 1.000
4. Cooperation with HEIst-1 0.253 *** 0.255 *** 0.251 *** 1.000
5. Market researcht-1 0.221 *** 0.300 *** 0.279 *** 0.101 *** 1.000
6. Designt-1 0.220 *** 0.288 *** 0.230 *** 0.120 *** 0.362 *** 1.000
7. Total R&Dt-1 0.092 *** 0.090 *** 0.064 *** 0.039 *** 0.033 *** 0.060 *** 1.000
8. Market sharet-1 0.126 *** 0.154 *** 0.162 *** 0.021 ** 0.143 *** 0.051 *** 0.003 1.000
9. R&D stafft-1 0.493 *** 0.541 *** 0.528 *** 0.279 *** 0.354 *** 0.312 *** 0.099 *** 0.185 *** 1.000
10. Groupt-1 0.270 *** 0.282 *** 0.322 *** 0.127 *** 0.237 *** 0.127 *** 0.025 *** 0.259 *** 0.370 *** 1.000
11. R&D departmentt-1 0.537 *** 0.586 *** 0.529 *** 0.224 *** 0.338 *** 0.278 *** 0.097 *** 0.170 *** 0.636 *** 0.307 ***
12. Export intensityt-1 0.308 *** 0.291 *** 0.305 *** 0.088 *** 0.131 *** 0.181 *** 0.031 *** 0.097 *** 0.355 *** 0.338 ***
13. Firm sizet-1 0.363 *** 0.422 *** 0.454 *** 0.200 *** 0.351 *** 0.241 *** 0.044 *** 0.303 *** 0.588 *** 0.618 ***
14. Firm aget-1 0.120 *** 0.161 *** 0.161 *** 0.057 *** 0.170 *** 0.109 *** 0.015 * 0.122 *** 0.219 *** 0.141 ***
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Table A3. Correlation matrix (continued).

11. 12. 13. 14.

11. R&D departmentt-1 1.000
12. Export intensityt-1 0.305 *** 1.000
13. Firm sizet-1 0.451 *** 0.421 *** 1.000
14. Firm aget-1 0.189 *** 0.167 *** 0.305 *** 1.000

Notes: *** p < 0.01, ** p < 0.05, * p < 0.10.
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