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Making sense of innovation by R&D and
non-R&D innovators in low technology
contexts: a forgotten lesson for policymakers’

José L. Hervas-Oliver and José Albors-Garrigos™

Abstract

This paper attempts to use an integrated theory based on a firm’s internal and external sources of
knowledge framework to analyze how different are R&D from non-R&D activities to innovate,
specially in a context of low and medium low tech (LMT) sectors where most of the firms are SMEs.
Simultaneously, the paper also explores the key differences between R&D and non-R&D innovators.
The empirical analysis is based on a representative panel of 2023 Spanish manufacturing firms for
2005 and 2006 from the Spanish Ministry of Industry. Innovation in product and process is
explained using non-R&D variables such as in Marketing, Design or hiring tertiary degree
employees. Only innovation in product is explained by R&D expenditures. Addressing innovation
in process, R&D variables work in few cases and neither R&D expenditures but occasionally R&D
employees and are specially relevant the non-R&D variables. The interaction (moderating) effect is
specially negative and significant, addressing the substitution effect with different implications
regarding product or process innovation. Therefore, innovation can be explained using non-R&D
variables such as investments in Marketing, Design, and other routines linked to human resources,
technology monitoring committees or the existence of a formal plan to innovate. The firms with
more internal resources, those which conduct R&D activities present a better AC and it leads to
engage in cooperation agreements and access to external flows of knowledge. The paper has
important implications for policymakers due to the fact that most of policies for R&D are based on
R&D programmes, while there are other realities: non-R&D factors which also explain innovation,
specially when considering low tech sector contexts

Keywords: innovation sources, technology cooperation, absorptive capacity, search strategies.

Resumen

El presente articulo usa la teoria de recursos y capacidades para, a través de los recursos internos
y externos de las empresas, analizar las actividades de R&D vy las actividades de no-R&D en su
impacto sobre la performance de innovaciéon de la empresa, en un contexto sectorial de baja y
media tecnologia. Asimismo, el articulo explora el rol innovador de las empresas que hacen R&D
y las que no lo hacen. Con una muestra de 2023 empresas manufactureras espanolas, obtenemos
un comportamiento innovador para la innovacién en producto y en proceso y, sobre todo,
observando que las actividades de R&D tienen muy poco peso explicativo sobre el resultado de
innovacion. El articulo presenta implicaciones para la Academia y los policymakers, sobre todo
por el hecho de que la mayoria de las politicas de innovacién se basan en actividades de R&D.

Palabras clave: fuentes de innovacion, estrategias de busqueda de conocimiento externo,
cooperacion tecnologica, capacidad de absorcion.
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1. Introduction

Arundel et al. (2008) pointed out that “neglected” (non-R&D performers) innovators are not
properly policy supported, even when the change in the growth of annual revenues between R&D
and non-R&D (“neglected) innovators is similar and there is no reason for policy bias. In fact,
when comparing R&D and non-R&D performers, half of all innovative firms do not perform R&D
and there is no difference in performance, measured by a change in revenues (pp.32). Following
this line of study, some unanswered questions arise: is the process of analyzing a firm’s innovative
performance well measured when most of the companies are neglected innovators? Put differently,
to what extent can innovative performance be measured using non-R&D variables? Which
differences between R&D and non-R&D innovators are relevant? These research gaps highlight
the excessive focus on R&D affirmed in past years by a growing number of scholars who
criticized the technological approach through only R&D (e.g. von Tunzelmann and Acha, 2005;
Mendonga, 2009). In fact, R&D expenditures present rather weak evidence (Raymond and St.
Pierre, 2009; Brouwer and Kleinkecht, 1996; Roper and Love, 2002) for explaining innovation.
Much of the empirical evidence on innovation is focused on large firms and on R&D intensive
sectors (Cockburn and Henderson, 1998; Lane and Lubatkin, 1998; Narula, 2001; Rosenkopf and
Almeida, 2003) and mostly using R&D indicators (e.g. Vega-Jurado et al, 2008; Escribano et al.,
2009), albeit in the last few years, the problem has been recognized, especially in the topic of the
SMEs (e.g. Ortega-Argilés et al., 2009). This study deepens our knowledge of critical success
factors in the innovation process of low and medium tech industries, using R&D and non-R&D
variables (inputs).

Empirical findings in the topic have been ambiguous and fragmented. Ambiguous
regarding the magnitude of the R&D activities, especially when most of the samples are based just
on R&D innovators. Fragmented because some empirical studies focus on a very narrow set of
constructs and causal relationships, to the extent that some of them lack of certain interactions or
moderating effects. Overall, the linear R&D-based innovation paradigm has been challenged from
different perspectives. Raymond and St-Pierre (2010) claimed that the link between R&D and
innovation in SMEs still requires clarification and further understanding. Following Raymond and
St-Pierre (2010) it is pointed out the relationship between R&D and innovation is less than 10% of
the variance, which is a weak evidence for a direct casual relationship between the two constructs
(e.g. Roper and Love, 2002). It is especially recognized that non-technological forms of innovation
also contribute to upgrading a firm’s performance (Piva and Vivarelli, 2002; OECD, 2005;
Arundel et al., 2008) and thus innovation can be observed as a phenomenon occurring in low and
medium tech sectors (e.g. Kirner et al., 2009). In this vein of thought, Jensen et al. (2007)
distinguish between “Science, Technology and Innovation” and “Doing, Using, Interacting” modes
of innovation and consider the latter to rely on processes and experience-based know-how which
refer mainly to low-medium tech sectors. Similarly, following Muscio (2007), there is little
evidence on innovation in low-tech industries. Continuing this line of inquiry, the Oslo Manual
(OECD, 2005: Oslo Manual pp:65-66) stated that dividing R&D activities from downstream
activities (marketing, design, etc.) can, in some industries, be a fine and useful process. In this
context, the process of innovation is well described in Albaladejo and Romijn (2000) who posit
that: “A substantial part of the learning may not take the form of well-defined R&D programmes



and other formalized technological effort. Informal and incremental problem solving and
experimentation take place on the shop floor and are closely associated with production. Thisis a
fortiori the case in small companies that do not have the resources and organization to mount
large R&D and human resource development programmes (pp:4-5). This non-R&D view on
innovation is supported by the fact that economy in real terms is more than 90% based on the low
and medium tech sectors (see Robertson et al., 2003)'. Therefore, the goal of this paper is to
explore three main issues. First, the paper attempts to understand what role non-R&D input
activities play to explain a firm’s innovative performance, exploring which key differences can be
observed when R&D activities are undertaken in order to innovate. Second, the study tackles the
role of the non-R&D innovators and their strategies combining internal and external resources to
innovate. And third, the paper explores the process of innovation disentangling the ambiguous
results of the literature about the effects of absorptive capacity to access to external sources of
knowledge and the interaction (complementary versus substitution) effect of combining internal
and external sources of knowledge. In our opinion, the three stated gaps are inconclusive and
deserve more attention from scholars and policymakers. The paper explores the process of
innovation in the context of low and medium tech sectors.

The low-medium tech sector context is precisely noticeable in Spain. The sample issued
annually by the Spanish Ministry of Industry evidences the importance the low-medium tech
sectors have. The R&D expenditures present an average of 0.81%, which can be broken down into
the following percentages: 0.36% in the case of low tech sectors, 1.7% for medium-tech and 1.9%
for high-tech. When figures are restricted to only innovators, the results are 0.78%, 1.7% and 2.6%
for low, medium and high tech sectors respectively, following the OECD classification. Innovative
firms present an average of 1.56%, which is similar to the official data from the INE (National
Statistics Institute, the official body which supplies information to EUROSTAT, 1.35% on average
of R&D/GDP in 2008.) Following this chain of thought, the question is if non-R&D innovation
activities are accounted for properly? Can policymakers and academics establish common policies
for the same industry across countries? Our study is set in Spain, a technology-follower country.
As such, Spain’s productive sector is characterized by a concentration of traditional low-
technology sectors and medium and small enterprises with low R&D expenditure (Vega-Jurado et
al., 2009). Moreover, according to official statistics from CIS by EUROSTAT in 2006, the
turnover from innovation was 13.4 for the EU-27 (countries) of which Spain accounts for 15.9%,
well above the average. Nevertheless, in 2007 the R&D/GDP ratio was 1.27% and the EU (27)
1.85%, well below the average. Taking Spain as an example of hidden (neglected) innovators,
could firms present a different way of performing innovation? Are innovation policies focusing on
this fact?

This paper explores these questions by analyzing, through R&D and non-R&D activities,
the strategies of firms when combining in-house activities or internal resources with external flows
of knowledge to better understand a firm’s innovative performance in both process and product.

! For shares of low-medium tech employment in total employment in the EU in 1995 and 2006 see Heidenreich
(2009). As such, the industrial low and medium tech. of a large number of industrialized OECD countries has a high
employment share of more than 60 per cent. Moreover, as claimed by several scholars, the crucial importance of low-
medium tech sectors is based on the innovation ability of many of these enterprises with regard, for instance, to
continuous product development (e.g. Hirsch-Kreinsen, 2008).



The study is based on a technology-follower country, Spain, and mainly based on low-medium
tech sectors. High tech sectors have less presence in the Spanish economy while the SMEs’
performance could vary drastically from traditional SMEs, especially those which are new tech-
based firms (NTBFs) or gazelles (e.g. Stam and Wennberg, 2009; Holzl, 2009). In fact, following
Edwards et al. (2005), understanding innovation in SMEs requires assessing innovation in the
context of strategic conduct within institutional processes and structures. SMEs face adverse
conditions such as access to finance (e.g. Freel, 2007), limited capabilities (e.g. van Stel et al.,
2007), and lack of knowledge about how and where to acquire the necessary competence, i.e.
absorptive capacity (e.g. Ortega-Argiles et al., 2009; Czarnitzki, 2006). Nevertheless, it is also true
that the informal R&D carried out by the SMEs underestimates the innovation capability when
only formal R&D is taken into account (e.g. Kleinknecht, 1987; 1989). In addition, there is a lack
of proper policies attributed to the SMEs due to the: (1) high degree of heterogeneity within the
SMEs (e.g. Audretsch, 2001; 2002), from highly innovative new tech-based firms (NTBFs; e.g.,
Stam and Wennberg, 2009) to traditional SMEs; (2) the crucial role found in the environment,
such as the tech intensity of the country in which the SMEs are based (e.g. Holzl et al., 2009); (3)
most of the literature is biased on specific samples which makes it difficult to provide a
comprehensive picture of the innovative capabilities in the SMEs (e.g. Ortega-Argiles et al., 2009;
Edwards et al., 2005). This paper covers the problem of innovation in the SMEs.

The study tackles the aforementioned gaps which refer to combining a firm’s internal and
external flows of knowledge to innovate. In the internal resources analysis, a firm’s absorptive
capacity (AC, hereinafter; Cohen and Levinthal, 1990) is also explored. In this paper the
absorptive capacity concept is referred to the realized one and not the potential one, regarding the
Zahra and George’s (2002) distinction. Thus, potential capacity comprises knowledge acquisition
and assimilation capabilities, and realized capacity focus on knowledge transformation and
exploitation. In addition, the paper also explores the interaction (moderation) effect between
internal and external resources. This specific effect seems to be a two-way street in the sense that
there is a positive relationship between internal and external variables in innovation (e.g. Mowery,
1983; Cohen and Levinthal, 1989, 1990; Cassiman and Veugelers, 2006; Nieto and Quevedo,
2005; Huergo, 2006; Escribano et al., 2009) and also a negative one (Laursen and Salter, 2006;
Vega-Jurado, 2008). The study offers valuable insight on this core topic of the innovation
management studies.

The study uses a sample of 2,023 Spanish firms from a panel database published annually
by the SEPI, a body of the Spanish Ministry of Industry. This sample is portioned into several
groups (all firms, innovative ones, different sectors, SMEs, etc.) to obtain all possible explanations
about innovation decision. This exercise checks results and offers a more comprehensive view of
the innovation phenomenon without restricting results to biased samples. The main contributions
highlighted in the paper are based on the fact that R&D variables, and especially R&D
expenditures, work only in a few cases, explaining occasionally innovation in product rather than
innovation in process. On the contrary, non-R&D innovative efforts better explain innovation in
process, activities and competences based on design, marketing, formal planning of innovation or
the highly-qualified human resources hired. Complementarily, the external flows of knowledge
such as suppliers, customers or external consulting staff for technology purposes also contribute to



the explanation of innovative output. In addition, interesting results are provided which distinguish
R&D and non-R&D innovators. R&D innovators account for the majority of the external resources
and the non-R&D innovators present very low percentages of external cooperation, although this is
much more active than that of the non-innovative firms. This result is also consistent with the fact
that firms with R&D activities, and thus better AC, can easily engage in cooperation agreements
and access external flows of knowledge. The study has implications for both Academia and
policymakers. The results are of great interest to governments and regional planning agencies in
the sense that the policies formulated to promote innovation are mainly based on R&D activities
and, in the aforementioned context of low-medium tech and SMEs, these policies may not be
adequate to develop innovation (Ortega-Argilés et al 2009).

The study has been organized as follows. First, in Section Two, the theory and the
hypothesis are presented. Then, in Section Three, the sample and the empirical design are
described. The fourth section presents results, and the fifth specifically addresses the distinction
between R&D and non-R&D innovators. The sixth and seventh sections discuss results and
summarize the conclusions. Finally, an appendix complements the evidence.

2. Theory

The organizational perspective based on Resource-based View (RBV) [e.g. Barney 1991, Peteraf
1993] stressed that a firm’s unique internal resources at least partially determine a firm’s
performance. RBV establishes a correspondence between a firm’s unique set of resources and
capabilities and its level of performance. From this internal perspective, innovation stems from
better organizational routines and other core functions. Barney (1991) referred to RBV with a
broad definition of resources as all types of assets, organizational processes, knowledge
capabilities and other potential sources of advantage. What are these internal competences? Tidd
(2000) classified the internal competences in three categories: (a) organisational competences
(managerial systems, skills, etc.), (b) market competences, and (c) technological competences,
mainly derived from in-house R&D activities. The AC construct points out that internal
capabilities are central for a firm’s technological capacity and enhance the firm’s ability to
assimilate and exploit external knowledge. Therefore, a firm’s internal resources determines the
possibility to use and exploit external knowledge, and thus improve innovation in firms (e.g.
Cohen and Levintal 1989, 1990; Klevorick et al., 1995). As a result, the AC concept is linked to
innovation through access to external knowledge. Similarly, Lundvall and Nielsen (1999)
emphasized that higher levels of training also reinforce the creation and exploitation of external
knowledge, although there is no empirical evidence in the mentioned work.

Without taking into consideration firms in SMEs, another set of studies offered a different
but complementary pattern of work. As a result, it has also been emphasized that higher levels of
R&D efforts improve a firm’s ability to exploit sources of knowledge outside its boundaries (e.g.
Caloghirou et al., 2004; Gambardella, 1992; Mowery et al., 1996; Huergo, 2006; Vega-Jurado et
al., 2008). However, the results offered by Caloghirou et al. (2004) showed that R&D intensity
measured as personnel in R&D is statistically significant and related to innovation, instead of only
the amount of R&D expenditures, and that the variable is statistically significant over innovation.



On the other hand, regarding R&D expenditures as a proxy for AC, higher levels of R&D efforts
improve a firm’s ability to exploit sources of knowledge outside its boundaries (e.g. Caloghirou et
al., 2004; Gambardella, 1992; Mowery et al., 1996; Huergo, 2006; Vega-Jurado et al., 2008).
Some contributions assimilate AC to a firm’s other internal variables such as the existence of a
design office (Bougrain and Haudeville, 2002) or the educational and training policy which gives
people within organizations the basis to introduce innovation (Lundvall and Nielsen, 1999). As
showed, different contexts and focuses have provided a variety of types of firms and variables
analyzed and thus, results are heterogeneous.

Integrating the different ways of measuring AC, one very important idea from Nieto and
Quevedo, (2005) and also Szulanski (1996) and Mangematin and Nesta (1999), is the fact that
absorptive capacity could be measured by a set of factors instead of a single indicator such as
R&D expenditures on sales, patents, or the formally established R&D department in a company.
Nieto and Quevedo (2005) offered a great revision of the variables and ways of measuring the
internal factors or absorptive capacity. Hervas-Oliver and Albors-Garrigos (2009) utilized the
skills in the production and design department. Absorptive capacities provide firms with a richer
set of diverse knowledge, facilitating more available knowledge to problem-solving and preparing
firms to cope with environmental changes (e.g. March, 1991; Grimpe and Sofka, 2009). Therefore,
the first two hypotheses are stated as follows:

Hypothesis 1: A firm’sunique stock of internal resourcesis positively associated with
afirm’sinnovative performance.

Hypothesis 2: A firm’s AC (internal resour ces) moder ates the acquisition of external
r esour ces.

Nevertheless, as mentioned above, the RBV cannot explain how clustered firms improve
performance in environments in which firms maintain frequent and multiple relationships. This
drawback could be attenuated by the relational view (Dyer and Singh, 1998; Lee et al., 2001;
Capaldo, 2007) which argues that a firm’s critical resources go beyond a firm’s boundaries and
inter-firm collaborative linkages generate further relational returns (Dyer and Singh, 1998).These
strategic assets (Gulati, Nohria and Zaheer, 2000), embedded in their surrounding social context
(Gulati, 1998), are claimed to generate impact on innovation by facilitating knowledge-sharing and
an interactive learning process (Powell et al., 1996; McEvily and Zaheer, 1999; Rowley et al.,
2000; Lee et al., 2001), although the debate on relational capabilities is still in its infancy
(Capaldo, 2007). External knowledge as a technological opportunity improves innovation capacity
and can be found in sources such as firm-university linkages (e.g. Hervas-Oliver et al., 2011) or
relationships with suppliers or customers (e.g. Klevorick et al., 1995; Lee et al., 2001).

The literature on innovation reflects a dramatic increase in the systematic use of external
networks by firms (Hagedoorn, 2000; Zeng et al., 2009). Interactions and networks are key to
innovation (Doloreux, 2004;). The external sources of innovation search aims at identifying
valuable impulses from customers, suppliers, competitors or universities and other public research
organisations in order to orient innovation efforts (von Hippel, 1988; Katila and Ahuja 2002;
Laursen and Salter 2006).



In fact, there are empirical findings which suggest that the relationships of firms with local
institutions through research linkages improve the firms’ capabilities (e.g. Decarolis and Deeds,
1999; McEvily and Zaheer, 1999; Lee et al., 2001), especially in those in clusters and areas of
agglomeration. Following this chain of thought, linkages with local institutions have constituted a
key element in the development of new knowledge for firms with innovative strategies (e.g. Von
Hippel, 1998). These local entities and/or universities are claimed to be sources of new knowledge
(Rosenberg and Nelson, 1994). In addition, empirical evidence shows that proximity between local
universities and firms promotes the exchange of ideas (Lindelof and Loftsen, 2004) and also
improves the performance of innovative firms (Hanel and St-Pierre, 2006; Caloghirou et al., 2004;
Caloghirou et al., 2001; Hervas and Albors, 2009 or Vega-Jurado et al., 2008) and the capability of
firms to introduce more advanced innovations (Todtling et al. 2009). McEvily and Zaheer (1999),
Lee et al. (2001) and Capaldo (2007) found that diversity and number of linkages within a firm’s
network, and its participation in regional institutions, expose the firm to new ideas, information
and opportunities leading to acquisition of capabilities. Besides universities or R&D institutions,
other sources of external knowledge such as suppliers or client relationships can also be exploited
by firms. As a matter of fact, Massa & Testa (2008) found that SMEs prefer linkages with
suppliers and customers because universities have concepts and purposes different from the ones
sought by the SMEs in innovation activities. Consequently, the higher the number of suppliers,
institutions or other agents potentially accessible to firms, the higher the potential gains to be
obtained from new ideas, information or knowledge. The third hypothesis referring to
technological opportunities is therefore stated as follows:

H3: A firm’s interactions with other firmg/institutions are sources of external
knowledge which are positively associated with a firm’sinnovative per formance

Cohen and Levinthal (1990:139) referred to technological opportunities as the quantity of
knowledge to be assimilated and exploited: the more there is, the greater the incentive to invest in
AC. In other words, the concept of technological opportunities is related to the probability that the
resources dedicated to foster innovation will generate technological advances (e.g. Dosi, 1988;
Nelson and Winter, 1982). Indeed, this idea is based on the differences in a firm’s innovation
across different sectors. This external driver from the original concept has been corroborated in
later re-conceptualizations (e.g. Todorova & Durisin, 2007). To date, following Nieto and
Quevedo (2005:3), most of the work carried out on the stimulus given for undertaking innovative
activities arising from the presence of technological opportunities highlights the existence of a
positive linkage between the level of technological opportunity available to a firm and the efforts
the firm makes to innovate (Scherer, 1965; Levin et al., 1985; Jaffe, 1986, 1988, 1989; Geroski,
1990; Klevorick et al., 1995; Nieto and Quevedo, 2005). In order to analyse the industry variations
related to the effect of external and internal factors on firm’s innovative performance, the firms are
classified in broad sectoral categories (Arundel et al., 1995; Cesaretto and Mangano, 1992;
Souitaris 2002). These categories are based on the taxonomy of patterns of technological change
proposed by Pavitt (1984), who distinguishes four types of firms: (a) supplier-dominated firms; (b)
large-scale producers; (c) specialised suppliers; and (d) science-based firms. The paper also uses
the OECD classification. Technological opportunities and appropriability conditions (e.g. patents,
lead effect or the learning curve) are considered relevant factors affecting the dynamics of market



structure and innovation (Winter 1984; Levin et al. 1985; Lin and Huang 2008). As such, these
effects are captured in this hypothesis addressing the type of industry to which the firms belong to.
Thus, the fourth hypothesis is stated as follows:

H4: Thelevel of technological opportunities and appropriability conditions embedded
inafirm’sindustry isrelated positively to the firm’sinnovative performance.

The previous hypothesis suggests that internal and relational capabilities influence
performance independently. The internal resources mentioned in the second hypothesis refer to the
skills for maximizing inputs into outputs (Burt, 1992) and the relational aspect (third hypothesis)
allows accessibility to channels for securing inputs, deploying outputs and developing more
opportunities (Burt, 1992; Lee et al., 2001:622). Lee et al. (2001) connect the two ideas above and
establish that internal capabilities help a firm to develop its relational aspects. Similarly, the
opposite is also true. As such, the relational capability permits access to information, technology
and other assets which upgrade the (internal) technological capabilities (e.g. Teece, 1987; Lee et
al., 2001), a fact especially developed in cluster literature (e.g. Foss, 1996). Hence, the literature
reviewed tacitly suggests a synergic or interaction effect obtained from a combination of both the
internal and relational capabilities of a firm to perform. This is also confirmed in Nieto and
Quevedo (2005), Veugelers (1999), Cassiman and Veugelers (2006) and Hervas and Albors
(2009). Nevertheless, this moderating effect seems to be a two-way street in the sense that there
are also negative effects (Laursen and Salter, 2006; Vega-Jurado, et al. 2008; Vega-Jurado et al.,
2009), suggesting the existence of a substitution effect (negative relationship) between openness to
external search activities and internal R&D, instead of a complementary (positive) one. Likewise,
there is a lack of consensus on the complementary or the substitution effect of internal resources
and external technology, and the impact on a firm’s innovative performance. Thus, no sign is
predicted. Therefore, the fifth hypothesis is stated as follows:

H5: Theinteraction from firm’s combination of internal and exter nal sour ces of
knowledge generates an impact on a firm’sinnovative performance

3. Empirical design:

3.1. Sample, data and variables

The database for the empirical analysis is the Spanish Business Srategies Survey (SBSS) from the
years 2005 and 2006. This is an annual firm-level panel of data compiled by SEPI, a body of the
Spanish Ministry of Industry. The SBSS contains variables on Spanish companies in manufacturing
industries following the NACE-Rev.1. classification. This database has been exploited by some
scholars (e.g. Huergo, 2006; Santamaria et al., 2009). The SBSS has the advantage that it is
designed to consider other variables in order to understand innovation in a Spanish context in
which the R&D intensity activities are lower. This is especially relevant for capturing a firm’s

2 Following Nieto and Quevedo (2005) when the interaction effect is introduced in the model specification then the
term obtained by multiplying two variables have the effect of a moderating variable. Thus, the beta coefficient of the
interaction factor indicates a unit change in the effect of one of the independent variables on the criterion variable
when the value of the moderating variable changes by one unit. When the moderating variable takes effect the
moderated variable itself ceases to be significant.
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level of innovative performance when it is not restricted to only R&D activities, a fact frequently
observed in low-medium tech, and specifically in LOW-TECH, industries. In the years 2005 and
2006, there were 2,023 firms available, alow-techhough only 1,990 had all the variables selected
below. It is important to note that the sample, as detailed below, contained both innovative and

non-innovative firms.

Table 1. Variablesand their explanation

Variable Definition Values

NewsSkills The company has incorporated in the last year graduates from tertiary 1 = yes; 0 = otherwise
studies

Skills % of tertiary degrees (engineers, economists, lawyers and so) over %
FTEs (total full time employees)

Skills med % of technicians over FTEs %

DCT The firm has a technology monitor committee 1 = yes; 0 = otherwise

Design The firm has conducted adding value design activities

Marketing The firm has conducted or hired market research and marketing 1 =yes; 0 = otherwise
activities and studies to evaluate the market trends and alternatives

PAI The firm has a innovation plan and thus the innovation process is 1 =yes; 0 = otherwise
formalized and standardized.

R& D employees % of R&D FTEs over FTEs %

R& D expenditures R&D expenditures over sales %

UIAT

The firm has used external consulting staff for technology purposes

1 =yes; 0 = otherwise

Customers The firm has technological linkages, with clients 1 =yes; 0 = otherwise
competitors The firm has technological linkages with competitors 1 = yes; 0 = otherwise
Suppliers The firm has technological linkages with suppliers 1 =yes; 0 = otherwise

University and PROs

The firm has technological linkages, with universities and public
research organizations (PROS)

1 =yes; 0 = otherwise

IP Innovation in product 1 =yes; 0 = otherwise
IPR Innovation in process 1 = yes; 0 = otherwise
Ln_employees logarithm for FTEs

GB The firms in integrated in an industrial group 1 =yes; 0 =otherwise
Pavitt Pavitt’ industry classification Categorical variable

Supplier dominated 1

Textile ; Clothing and Textil; Leather and footwear ;Wood industry ;
Paper ; Rubber and plastics ; Furniture; Other manufacturing

Scale intensive 2

Meat industry, Beverages, Food products and tobacco, Printing and
publishing, Non-metallic mineral products, Iron metallurgic products
;Non-iron metallurgic products

Metallic products (except machinery and equipment) ; Motor vehicles
; Other transport material

Specialised suppliers 3

Industrial and agricultural Machinery ; Office machines and
computers

Science based 4

Chemistry; Electrical material and machinery

taking 1, 2, 3,4
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Table 1. Variables and their explanation (cont.)

Variable Definition Values
OECD OECD’s industry classification Categorical variable
Low-tech =1 taking 1, 2, 3

Meat industry; Food products, tobacco; Beverages; Textils; Footwear;
Wood industry; Paper

Printing and publishing; Non-metallic mineral products; Iron and non-
iron metallic products

Metallic products; Furniture; Other manufacturing

Med-tech =2

Rubber and plastics; Industrial and agricultural Machinery

Motor vehicles; Other transport material

High-tech =3

Chemestry; Office machines and computers; Electrical material and
machinery

Source: own from SEPI, Ministry of Industry, Spain

Table 1 shows the variables depicting internal and external sources of resources for
innovation. The firm-distinctive competences, or main internal resources addressing the absorptive
capacity construct, are based on human resources (the incorporation of tertiary degree employees,
percentage of employees with tertiary degrees, percentage of technicians over employees), value-
adding non-R&D activities (design, marketing effort), and technology, with both non-R&D
activities (the existence of a formal plan for innovation, PAI; the existence of a technology
monitor committee, DCT) and R&D activities ( R&D expenditures and percentage of R&D
employees) .

Although R&D is a core activity of innovation (e.g. Vega-Jurado et al., 2008), it is also
recognized that carrying out R&D is associated with high costs and risk, especially for those firms
which are SME. SMEs face problems because R&D is subject to minimum project sizes due to
technical indivisibilities (see Galbraith 1952:92) in order to generate useful results; R&D is
associated with high entry costs, i.e. specific investment in laboratory equipment and human
capital (see Cohen and Klepper 1996), in addition to the possible problems of external funding
(Freel, 2003). Overall, all of these factors result in a lower propensity of the SMEs to invest in
R&D (Rammer et al., 2009). According to theory, investment in R&D by SMEs is limited due to
the fact that small firms face problems of restricted cash flow (Cohen and Klepper, 1996;
Galbraith, 1952). In fact, these, among other factors, result in a lower propensity of the SMEs to
conduct R&D, relying instead more on innovation management tools to innovate (e.g. Rammer,
Czarnitzki and Spielkamp, 2009). In order to control all these problems related to R&D activities,
our specifications include the variables and their controls.

The core elements of a firm’s search strategy are also innovation inputs from external
sources such as suppliers, clients, competitors, universities and technology centres (Katila and
Ahuja, 2002; Laursen and Salter, 2006; Grimpe and Sofka, 2009). The relational resources for
innovation or linkages are measured by whether or not a firm engages in cooperation agreements
to access external flows of knowledge. In addition, group-belonging (depicting whether the firms
are privately owned or belong to an industrial group) and industry were all included as control
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variables, the latter in the form of the Pavitt’s (1984) classification and the OECD classification.
Size (average number of full-time employees, measured by logarithm) is also controlled, in
agreement with several studies which reveal its relationship with cooperation (e.g. Negassi, 2004,
Lopez, 2006) and innovation as previous research has found that innovation performance is
benefited by economies of scale and scope (Cockburn and Henderson, 1994; Damanpour, 1992).

3.2. Descriptive statistics

The study included 2,023 available firms (size 203.1 full-time employees on average) from the
SEPI, a body of the Spanish Ministry of Industry, with data from the years 2005 and 2006. The
sample included innovative and non-innovative firms in order to shed light on all nuances
explaining innovative performance. There are 596 firms in the supplier-dominated category
(29.5% of the sample), 1020 in the scale-intensive (50.4%), 173 firms in the specialized suppliers
(8.6%) and 234 in the science-based (11.6%) industrial category. Similar figures which stress the
low-medium tech character of the sample are shown in the OECD classification, which accounts
for 1378 firms in low-tech (68.1%), 378 in medium (18.7%) and 267 in high-tech (13.2%).
Nevertheless, as presented in Section 1, even the high-tech firms presented lower R&D
expenditures compared to the figures of other countries.

A total of 414 firms (20.5%) carried out product innovation and 562 (27.8%) conducted
process innovation; 1280 (63.3%) carried out no innovation activities and 233 firms (13.5%)
conducted simultaneously both product and process innovation in 2006. At the same time, an
analysis of low-tech firms found that only 14.8% of the firms declared innovation in product while
25.5% declared innovation in process. Regarding low-medium tech, 26.7% declared innovation in
process and 18.5% in product. Therefore, the type of industry influences a firm’s innovative
performance, as seen below. The highest sector of innovative product firms is specialized suppliers
(36.4% of the group), followed by science-based (32.9%), supplier-dominated (20.6%) and scale-
intensive (14.8%). Thus, the group with the lowest product innovation was the scale-intensive
group, (85.2%) followed by supplier-dominated (79.4%). Overall, these results are significant
(Chi-S.69.38, p<0.01). In table 2 it is showed the type of industries and their importance in the
sample. As observed, the food industry (9.1%), metallic products (13.0%) non-metallic mineral
products (8.2%) or textiles (7.6%) are roughly more than 40% of the sample. This is a clear
example of the type of industry composition which represents the manufacturing sector in Spain.

The low tech and smaller size of the firms which are represented in the paper have effects on
the study’s results. In fact, Table 3 shows how the SME firms present lower values in most of the
key input activities for innovation. The comparison in the indicator, or R&D expenditures (0.0081
for all firms versus 0.004814 for SMEs), and the R&D employees (0.0135 for SMEs versus 0.049
for all firms), and also in other non-R&D variables such as skills (4.1% for SMEs versus 5.89% for
all firms) or design activities (0.22 for SMEs versus 0.44 for all firms), among others, is especially
notable. In fact, the aforementioned constraints and lack of resources in the SMEs are very evident in
Table 3.
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Table 2. Industries and number of firmsin the sample

Industry Number of firms % of the sample

Beverages 45 2,2
Non-metallic mineral products 166 8,2
Chemestry 131 6,5
Electrical material and machinery 103 51
Food products 184 9,1
Leather and footwear 54 2,7
furniture 106 5,2
Iron and non-iron metallurgic products 62 3,1
Machinery 140 6,9
Meat industry 55 2,7
Metallic products 263 13,0
Motor vehicles 95 4,7
Office machines and computers 33 1,6
Other transport material 41 2,0
Other manufacturing 40 2,0
Paper 64 3,2
Printing and publishing 109 54
Rubber and plastics 102 50
Textils 153 7,6
Wood 77 3,8
Total 2023 100,0

Table 3. Descriptive statisticsin differing type of firms

All firms sample = 2023 SMEs = 1408
Min. Max. S.d. M ean Min. M ax. M ean S.d.

1-Newskills 0 1 0.429 0.24 0 1 13 337
2-skills 0 80 9.13 5.89 0.000  69.40000 4.1066826 6.4600
3-Design 0 1 0.441 0.26 0 1 22 0.416
4-Skills_med 0 95.5 10.32 6.94 0 95.5 5.44  9.03456
5-DCT 0 1 0.402 0.20 0 1 0.10 0.297
6-Marketing 0 1 0.369 0.16 0 1 0.09 0.293
7-PAI 0 1 0.414 0.22 0 1 0.11 0.313
8-R&D 0 0.55 0.0496 0.0184 0.00 0.55556 0.0135528  0.04535
9-R&D 0 27.3 229367 0.0081 0.00 24.00  0.004814579 1.6998
1-IP 0 1 0.404 0.20 0 1 0.14 0.350
12-IPR 0 1 0.448 0.28 0 1 0.22 0.415
13-customers 0 1 0.380 0.17 0 1 0.10 0.294
14-competitors 0 1 0.144 0.02 0 1 0.01 0.095
15-suppliers 0 1 0.406 0.21 0 1 0.12 0.325
16-university 0 1 0.413 0.22 0 1 0.12 0.319
17-UIAT 0 1 0.401 0.20 0 1 0.14 0.345
18-GB 0 1 0.4757 0.654 0 1 0.2687 0.548
19-Ln_employees 1 13892 733.044 230.10 1 250 60.68 64.959
20-Pavitt 1 4 0.918 2.02 1 3 1.72 0.607
21-OECD 1 3 0.715 1.45 1 2 1.20 0.396
22-ROA -208.2  69.3 7.742 14.836 -208.20 69.300 7.3635785  15.3826

23-Productivity 0.2 808 46.9941  45.225 .20000 808.00 41.3870028 39.973
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There are 1760 low-medium tech firms which, on average, declare 220 full-time employees
per year (S.d = 754.57) while this drops to 60.68 full-time employees (S.d. 64.9) in the SMEs in
low-medium tech sectors (1404 firms). In the case of the SMEs in low-tech sectors, the average
recorded is 56.3 full-time employees (S.d. 61.8) for the mentioned 1139 firms.

3.3. Multivariate study

A logit model was run to gain an understanding of the contribution of each independent variable
representing a firm’s internal, and some external, flows of knowledge to explain the probability of
conducting innovation in either product or process. The independent variables refer to 2005 and
the dependent variable (innovation) to 2006, i.e. independent variables were lagged one period.
The model takes the following form:

Innovation i, 2006 = Const + Absor ptive capacity.oos (through R& D and non-R& D activities) +
external sources of innovation 005 + industry + control variables + &i.

The specification of the model including the aforementioned variables is represented as
follows:

Innovation t,i = Const + 1 Absorptive Capacity .1 [NewSkills + Skills +Skills_ med + PAI +
Marketing+ Design + DCT]i + 2 Absorptive Capacity R&D .1 [R&D skills + R& D expenditures]
i + 3 External linkages.1 [ UIAT + customers;.; + suppliers., + competitorsi, + universities] i

+ 4 Control 1 (In_employees +GB] i + 5 industry 11 [Pavitt + OECD] + ei.

Absorptive capacity was measured by a set of factors instead of a single indicator such as
R&D expenditures on sales, patents, or the formally established R&D department in a company
(Nieto and Quevedo, 2005; Szulanski, 1996, and Mangematin and Nesta, 1999). Nieto and
Quevedo (2005) offered a revision of the variables and ways of measuring the internal factors or
absorptive capacity. In the same line of Escribano et al. (2009:99) and Arbussa and Coenders
(2007), we established two factor-analysis models (e.g. Bollen, 1989) for the principal dimensions
(Principal Components Analysis, PCA) used to proxy the AC construct. First, the PCA for all
firms in the sample referring to a firm’s internal resources resulted in two factors (AC_1,
addressing the R&D variable of the percentage of R&D employees over the full-time employees
and R&D expenditures with 0.85 and 0.84 load factor, respectively; and, AC 2 formed by
marketing, design, new employees with tertiary degrees, formal plan for innovation and
technology forecast committee), explaining 78% of the total variance. Afterwards, the second PCA
is applied on just the innovative firms (734) obtaining exactly the same factors, although resulting
in a poorer explanation of 59.8% of the total variance. In fact, the second PCA is less reliable than
the first one in terms of explained variance.
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4. Resultsfor the sample and for theinnovative firms

Tables 4 and 5 present the 8 different logistic regression specifications in reference to the
presented model to explain a firm’s innovative performance, including the first four specifications
(Table 4) with the original variables, and the next four specifications, 5 to 8, (Table 5) using the
PCA factors obtained for all firms, and for the innovative ones. The models reflect the effects of
AC and some external resources, as well as the control and sector variables on the probability of
conducting product or process innovation. The specifications were tested using stepwise logistic
regression. This procedure estimated a specification using the minimum number of non-
superfluous and, at the same time, significant variables (e.g. Guillen, 1992). The Chi-squared test
in each model suggested that the models, through explanatory variables, were significant for
explaining the propensity for innovation at p<0.01. Furthermore, the coefficient for the overall
percentage of correct predictions indicated that the models gave correct predictions within the
range of values from 70.2% (minimum, specification 7) to 83.2% (maximum, specification 1).
Only specification 8 presented a low value in the Nagelerkerke indicator (0.046), compared to the
rest of the models. The variables OECD and Pavitt were used indistinctly to check differences.

Table 4 shows that, in the sample formed by all firms (2,023) in specifications 1 and 2, the
variable R&D expenditures is statistically significant (11.297 p<0.01) explaining innovation in
product, not in process. In fact, in both types of innovative performance, R&D variables do not
influence the rest of specifications, neither do R&D expenditures in innovation in product or
process (specifications 3 and 4 for the sample of innovative firms, 734), nor R&D employees in
any model. On the contrary, except for specification 1, the rest of the models can be explained
without R&D variables by using only alternative input activities for innovation, represented by the
percentage of new high-qualified human resources hiring (NewsSkills), the performance of a
technology monitor committee (DCT), marketing, design and formal planning to innovate (PAl),
all of them significant at p<0.01. The latter variable (PAl) is interesting because it confirms what
Prakash and Gupta (2008) pointed out about a positive and significant relationship between
formalization and the implementation of innovation in SMEs. Complementarily, cooperation with
external technology consultants (UAIT) and with suppliers (Suppliers) is vital for explaining
innovation in process (specification 2), while suppliers are also important for nurturing knowledge
for innovation in product (specification 1, 3). The size variable is not significant in any model,
confirming previous literature that the relationship between innovation and size is inconsistent
(Camison-Zornoza et al., 2004). Regarding industry classification, there is evidence that medium
and high tech intensive sectors outperform the low tech in terms of innovative performance,
although the variable reflecting the high tech group is not always significant (only in specification 3,
p<0.01). These results confirmed hypothesis 1, 3 and 4.
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Table 4. Results of the logit model to explain innovation in product and process

Specifications 1 2 3 4
Type of innovative ouptut IP IPR IP IPR

Sampleand Variables All firms Innovative firms
NewsSkills .344** 790*** 0.691**=
DCT .506** 525%** 1.202*** 0.807***

Marketing 502*** A36***
Design .692*** 0.708*** 0.472%**

PAI 84 1x** 792%**

R& D employees
R& D expenditures 11.297***
UIAT 536%** 0.524**
Suppliers .819*** 643> ** 0.499**

OECD med A39*** 897 *** 0.589***
OECD high .160 .396** .393
I nterception -2.681 -1.631 -.933 1.467
Nagelkerke ,350 ,182 0.249 0.088
-2 log-lik. 1519,514 2092,693 857.125 768.6841
% correct predicted 83.2% 74.7% 70.7% 77%

***significant at 1% **significant at 5%

Model is run using step wise regression, which means that only significant variables remain in the final equation.

Newskills : The company has incorporated in the last year graduates from tertiary studies; DCT: The firm has a technology monitor
committee

Design: The firms has activities through CAD-CAM; Marketing: The firm has conducted or hired market research and marketing
activities and studies to evaluate the market trends and alternatives; PAI: The firm has an innovation plan and thus the innovation
process is formalized

R&D employees: % of R&D FTEs over FTEs; R&D expenditures: R&D expenditures over sales

UIAT: The firm has used external consulting staff for technology purposes;

Customers: The firm has technological linkages with clients; Competitors: The firm has technological linkages with competitors
Suppliers: The firm has technological linkages with suppliers; University and PROs: The firm has technological linkages with
universities and public research organizations (PROs); Size: logarithm for FTEs (size)

OECD: OECD'’s sectorial classification (low tech is the reference group)

(Dependent) ; IP: Innovation in product; IPR: Innovation in process

In Table 5, the PCA factors are employed as independent variables representing a firm’s
internal resources, at the same time as also employing the rest of the constructs. The PAC 1 factors
obtained for the sample of all firms (AC_1 for R&D variables and AC_2 for non-R&D ones) are
significant at p<0.01 explaining both innovation in product and process (specifications 5 and 6).
Supplier flows of knowledge are important for innovation in product, and supplier and customer
for innovation in process. Product innovation is non-dependent on a firm’s size, but process
innovation shows a positive relationship. Again, the medium and high tech intensive sectors
outperform the low tech for both innovation in product and process, although the high tech group
IS not statistically significant. Overall, the factor AC_2 (non-R&D variables) explains more than
the factor regarding R&D variables, according to the size of the coefficient in both specifications
(5 and 6); this result is also extended to specification 7 regarding innovation in product by
innovative firms. Nevertheless, model 8, regarding innovation in process for only innovative firms
showed negative coefficients in the PAC 2 factors obtained. This model is the least consistent
when observing the aforementioned low Nagelerkerke indicator. Table 5 confirms the 1, 3 and 4
hypothesis.
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Table 5. Results of the logit model to explain innovation in product and process using PCA
Factor’s punctuationsto represent a firm’sinternal resources

Specifications 5 6 7 8
Type of innovative ouptut IP IPR IP IPR
Sample All firms Innovative firms
PCA 1 (all firms) Ac_1 (R&D variables) 0.521*** 0.163***
PCA 1 Ac_2(Non-R&D variables) 0.762*** 0.398***
PCA 2 (innovative firms) Ac_1 (R&D variables) 0.396*** -0.313***
PCA 2 Ac_2(Non-R&D variables) 0.662*** -0.289***
UIAT .510**
Customers .392%*
Suppliers .855%** .621%** A28**
L nemployees 0.138*** 143**
OECD med A29*** N (Vg
OECD high 119 .307
I nterception -1.993 -1.767 -.105 327
Nagelkerke 0.346 0.161 0.247 0.046
-2 log-lik. 1525.759 2128.998 859.006 790.079
% correct predicted 82.2% 74% 70.2 75.6%

***significant at 1% **significant at 5%

Pavitt 1 (supplier-dominatd) is the criteria dummy for the variable Pavitt

Factors 1 and 2 PCA AC1 (%R&D employees over FTEs and R&D expenditures ) and AC2 (Marketing, Design, new employees
with tertiary degree, formal plan for innovation and technology forecast committee)

Model is run using step wise regression, which means that only significant variables remain in the final equation.

UIAT: The firm has used external consulting staff for technology purposes; Customers: The firm has technological linkages with
clients; Competitors: The firm has technological linkages with competitors

Suppliers: The firm has technological linkages with suppliers; University and PROs: The firm has technological linkages with
universities and public research organizations (PROs); Size: logarithm for FTEs (size)

OECD: OECD'’s sector classification (low tech is the reference group)

(Dependent); IP: Innovation in product; IPR: Innovation in process

Table 6 provides additional analysis in which the models control the use of R&D variables
in order to obtain a sensitivity analysis of results. The specifications are tested using stepwise
logistic regression. All specifications from 9 to 14 in Table 6 fit significantly at p<0.01 and the
pseudo-R; varies from 74.2% (specification 14) to 83.4% (specification 9). From specifications 9
to 12, original independent variables are used, while in specifications 13 and 14, the obtained PCA
1 factors were employed. R&D expenditures is an important variable (10.94 at p<0.0.05) only for
explaining innovation in product in specification 9, not in process (specifications 11, 12).
Therefore, R&D variables are not significant for innovation in process as they are for innovation in
product. On the contrary, the R&D employees variable is not significant in any specification.
Then, NewSkills, DCT, marketing, design and PAI are non-R&D variables which also contribute
significantly (p<0.01) to the explanation of a firm’s innovative performance in product
(specification 10) and process (specification 11 and 12). In addition, size also has a positive and
statistically significant (p<0.01) coefficient only for innovation in product, not in process.
Regarding industry effect, statistically the scale intensive sector and the science-based sectors
significantly outperform the supplier-dominated sector (reference category) in terms of innovation
in product, and the specialized-suppliers sector is not significant. As shown in Table 6, the PCA 1
factors, including non-R&D variables (Ac_2), explain more (higher significant coefficient) than
the factor addressing R&D variables (Ac_1), for all types of innovative outcomes (see
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specifications 13 and 14). This analysis of sensitivity confirms previous results. The R&D
variables are very limited in explaining innovation in process, and especially, the R&D
expenditures variable works occasionally in innovation in product. Nevertheless, other non-R&D
variables are key predictors explaining both innovation in product and especially, in process. Table
6 again confirms hypothesis 1, 3 and 4.

Table 6. Results of the logit model innovation in product and process controlling for R& D
efforts

Specifications 9 10 11 12 13 14
Variables IP IP (non- IPR IPR IP IPR
R&D) (non-R&D)
Original variables PCA 1 Factors
Industriesinvolved All firms All firms All firms All firms All firms  All firms
Ac_1(R&D) 0.477*** 0.136**
Ac_2(Non-R&D) 0.744*** 0.354***
NewSkills 0.374** 0.805*** 0.791***
DCT 0.412** 0.487** 0.495*** 0.546***
Marketing 0.515%** 0.517**** 0.405*** 0.414***
Design 0.661*** 0.681***
PAI 0.754*** 0.910*** 0.834**** 0.787***
R& D expenditures 10.947**
UIAT 0.523*** 0.516*** 0.511%**
Customers 0.357**
Suppliers 0.798*** 0.813*** 0.654*** 0.504*** 0.825*** 0.553***
L nemployees 0.146*** 0.129** 0.124***
Pavitt (scale-intensive) 0.492** 0.451** -0.024 -0.008 0.583**
Pavitt (specialized su.) -0.273 -0.384 -0.010 0.019 -0.202
Pavitt (science-b.) 0.567** 0.566** -0.593** -0.610** 0.539**
I nter ception -3.370 -3.126 -1.585 -1.611 -2.294 -1.795
Nagelkerke 0.367 0.360 0.188 0.190 0.364 0.170
-2 log-lik. 1487.338 1500.238 2084.577 2073.632 1490.910 1279,295
% correct predicted 83.6% 83.4% 74.5% 74.3% 83.5% 74.2%

***significant at 1% **significant at 5%

Factors 1 and 2 PCA AC1 (%R&D employees over FTEs and R&D expenditures ) and AC2 (Marketing, Design, new employees
with tertiary degree, formal plan for innovation and technology forecast committee)

Model is run using step wise regression, which means that only significant variables remain in the final equation.

Newskills : The company has incorporated in the last year graduates from tertiary studies; DCT: The firm has a technology monitor
committee

Design: The firms has activities through CAD-CAM; Marketing: The firm has conducted or hired market research and marketing
activities and studies to evaluate the market trends and alternatives; PAI: The firm has an innovation plan and thus the innovation
process is formalized

R&D employees: % of R&D FTEs over FTEs; R&D expenditures: R&D expenditures over sales

UIAT: The firm has used external consulting staff for technology purposes; Customers: The firm has technological linkages with
clients; Competitors: The firm has technological linkages with competitors

Suppliers: The firm has technological linkages with suppliers; University and PROs: The firm has technological linkages with
universities and public research organizations (PROs); Size: logarithm for FTEs (size)

Pavitt: Pavitt’s sectorial classification; Pavitt 1 (supplier-dominated) is the criteria dummy for the variable Pavitt

(Dependent) ; IP: Innovation in product; IPR: Innovation in process
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Table 7. Explanation of the innovative performance with interactions

Type of industry All firms low-tech firms LTM firms
Models 15 16 17 18 19 20
Variables IP IPR IP IPR IP IPR
AC 1 0.696* 0.428* 0.431* 0.623* 0.263*
AC_2 1.093* 0.484* 1.002* 0.629* 1.037* 0.613*
UIAT 0.515* 0.505*
Suppliers 1.537* 0.907* 1.345* 0.972 1.395* 0.863*
L nemployees 0.126* 0.18* 0.123* 0.160* 0.111*
Pavitt (2) 0.521*
Pavitt (3) -0.277
Pavitt (4) 0.439

AC_1x Suppliers -0.462* -.318*

AC_1x University 0.499*

AC_2x Suppliers -0.681* -0.338* -0.564* -0.399* -0.687* -.455*
AC 2 xCuestomers 0.357*
AC_2x University -0.417*

I nterception -2.014 -1.88 -3.26 -1.608 -2.228 -2.0310
Nagelkerke 0.377 0.120 0.346 0.190 0.365 0.198
Chi-Squared 549.28 255.33 296.94 188 442.015 253.89
% correct predicted 83.4 74.3 88% 78% 84.9 76.3
N 1999 1999 1378 1378 1756 1753

*significant at 1% **significant at 5% Innovation in product (IP); innovation in process (IPR);

%R&D employees over FTEs and R&D expenditures Factors 1IPCA AC1 (%R&D employees over FTEs and R&D expenditures )
and AC2 (Marketing, Design, new employees with tertiary degree, formal plan for innovation and technology forecast committee)
Model is run using step wise regression, which means that only Significant variables remain in the final equation.

UIAT: The firm has used external consulting staff for technology purposes; Suppliers: The firm has technological linkages with
suppliers

Size: logarithm for FTEs (size); (Dependent) IP: Innovation in product; IPR: Innovation in process

Pavitt: Pavitt’s sectorial classification; Pavitt 1 (supplier-dominated) is the criteria dummy for the variable Pavitt

In Table 7, the fifth hypothesis is tested and the results show that the interaction
(moderating effects) presents negative and significant coefficients, especially with suppliers (both,
AC_1 x Suppliers and AC_2 x Suppliers, models 15 to 20). These results indicate, confirming
Vega-Jurado et al. (2008), Vega-Jurado et al. (2009) and Laursen and Salter (2006) a clear
substitution effect, instead of the complementary effect claimed by Cassiman and Veugelers
(2006). These results also have two different interpretations in this study. First, for innovation in
product in both cases, i.e. all firms (model 15) and low-medium tech firms (model 17), AC_1 X
Suppliers is negative and statistically significant (-0.462 and -0.318, respectively). This means that
a substituting effect exists between AC_1 (R&D variables) and suppliers external knowledge. In
other words, firms which undertake innovation through R&D variables in-house do not need
external knowledge from suppliers because it is substituted by internal knowledge. This does not
occur with low-tech firms. In model 20 the variable customers interacts positively with innovation
in process. Second, this substituting effect is exactly the same as the one observed for innovation
in process (models 16, 18, 20) with non-R&D variables in all type of firms. Finally, according to
the results, it is evidenced a substitution effect, instead of the synergistic effect. Thus, hypothesis 5
(with no predicted sign) is confirmed and the results show a clear substitution effect.
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Following recommendations stated in previous studies (e.g. Becheikh et al., 2006),
differentiating variable categories such as SMEs versus large firms, traditional industries or Pavitt
sectors, would be useful toward developing configurations of innovation determinants which can
be helpful to managers, policymakers and scholars. This complementary exercise is shown in
APPENDIX A. In this complementary section, a distinction is offered between low-medium tech
and low-tech sectors, which are the predominant sectors in the sample and a special reference is
made to the SMEs, in order to obtain evidence about differing innovation patterns. Restricting the
sample to solely low-medium tech sectors gives evidence that R&D expenditures work
significantly for innovation in product, while R&D expenditures do not work in any model of
innovation in process. The rest of variables addressing a firm’s internal resources, human
resources, and value-adding non-R&D activities are important and significant in most of the
specifications. It is also interesting to observe the importance R&D employees have in innovation
in process which, jointly with NewsSkills, reflect the core importance of human resources to
explain innovation in process. On the contrary, in innovation in product, the R&D expenditures
variable captures all innovation, and the NewSkills or R&D employees variables do not have any
effect. Size is also important in innovation in product, although it is not for innovation in process.
Therefore, when restricting the studies to SMEs exclusively (SMEs-low-medium tech, 1402 and
SEMs-low-tech, 1130), the results hold, and the most remarkable difference is the fact that the
SMEs in low-tech sectors can not be explained by any R&D activity, not even by the R&D
employees variation. This variance is not significant in the type of limited and classic SMEs from
the sample. Therefore, the explanation of the innovative process in the vast majority of SMEs (in
low-tech, they represent one half of the total sample) can be done without the R&D variables, and
thus the innovative pattern can be captured. Finally, Table A3 shows that the PCA factors referring
to non-R&D variables (AC_2) explain more than the ones referring to R&D variables (AC_1).

Finally, an exercise of analyzing the performance was conducted in both financial (ROA,
Return on Assets) and productive (Productivity, value-added on employees) among the low-
medium tech sectors. Regarding innovation in product (ROA: 8.15; Productivity: 54.08) versus the
non-innovative (ROA:7.64; Productivity: 45.39), both differences were statistically significant at
p<0.01 (F = 8.137, F=19.734, respectively). For innovative in process, the results indicated the
same outcome (ROA: 9.41 vs 7.13; Productivity: 54.91 vs 44.10), significant at p<0.01. Results
for all firms indicate similar conclusions. Summarizing, the firms which declared innovation in
product or process outperform the non-innovative ones in financial and productivity terms.

5. An analysis of the neglected innovators

All previous results suggested that the innovators should be separated into R&D innovators and
non-R&Ds to check the robustness of results. This exercise is justified by Arundel et al. (2008:3):

“R&D is not the only method of innovating. Other methods include technology adoption,
incremental changes, imitation, and combining existing knowledge in new ways. With the possible
exception of technology adoption, all these methods require creative efforts on the part of the
firm’'s employees and consequently will develop the firm’'s in-house innovative capabilities. These
capabilities are likely to lead to productivity improvements, improved competitiveness, and to new
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or improved products and processes that could be adopted by other firms. For these reasons, the
activities of firms that innovate without performing R& D are of interest of policy” .

This different type of input innovation activity has always been less valued by scholars (see
all literature in the introductory section). They are the firms which declared innovative
performance in form of process or product while not performing R&D activities and have also
declared innovative output without conducting R&D expenditures in 2005 and 2006.

Table 8. Main descriptive statistics on innovators: R& D and non-R& D ones.

Variables Type of innovator N Mean S.deviation F

Skills Non-R&D innovators 337 4.329 6.62979
R&D Innovators 402 7.7474 7.60365 41.627***
Total 739 6.1883 7.37494

R&D expenditures Non-R&D innovators 337 0.0000 0.00000
R&D Innovators 403 0.01716 0.0256 150.001***
Total 740 0.00934 0.0208

R&D employees Non-R&D innovators 337 0.002 0.0133
R&D Innovators 401 0.061 0.0743 212.689***
Total 738 0.034 0.0630

Employees Non-R&D innovators 337 181.88 523.818
R&D Innovators 403 512.48 1282.579 19.647***
Total 740 361.92 1023.107

Productivity Non-R&D innovators 337 45.9890 36.53111
R&D Innovators 403 63.3039 52.36194 26.184***
Total 740 55.4188 46.61184

Sales Non-R&D innovators 337 60,262,925.82 353,900,000
R&D Innovators 403 181,000,000 637,700,000 9.50%**
Total 740 126,000,000 530,800,000

*xx 0<0.01

The existence of 337 non-R&D innovators and 403 R&D performers is observed in Table
8. It is clearly stated that R&D innovators outperform non-R&D innovators (significant at p<0.01)
in terms of highly-skilled personnel (Skills, 7.74 vs 4.32), R&D expenditures (1.71%), R&D
employees (6.1% vs 0.2%), size (Employees 512 vs 181), Productivity (63.3 vs 45.9) or Sales (60
millions vs 181 millions). These results feature both types of innovators. In addition, statistical
differences were calculated based on contingency tables between R&D and non-R&D innovators
and the main innovation activities. The variables NewSkills, DCT, marketing, design, PAI,
innovation in product, innovation in process and the different types of networks accessed showed
remarkable differences for the two groups. Overall, the R&D performers hire more new high-
degree employees (55.6% vs 24.6%), frequently employ tech committee monitoring (66.7% vs
4.7%), perform design (53% vs 26%) and marketing activities (39.6% vs 16.2%), mostly conduct
innovation in a formal plan (PAI, 74.9% vs 6.98%); outperform in terms of product innovation
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(72.5% vs 35.6%), and extensively access networks with customers (55.3% vs 7.4%), suppliers
(68.7% vs 8.9%), universities (57.3% vs 13.9%), technology consultants (47.6% vs 19%) and
competitors (7.7% vs 0.9%). The non-R&D performers only outperform the R&Ds in conducting
innovation in process (80.7% vs 71.5%). In addition, the R&D performers are more intense in
high-tech activities following the OECD classification (the non-R&D performers are 73.9% low-
tech, 16.6% MT and 9.5% HT; the R&Ds are 47.6% low-tech, 27.3% MT and 25.1% HT). All
these descriptive statistics offer the features of each group of innovators and all are statistically
significant at p<0.01.

As observed in Table 9, the variables of marketing, design and PAI are main factors which
explain innovative performance. In fact, a remarkable difference is seen based on the fact that PAI
(formal innovation plan) is only significant in innovation in product, nor in process.

Table 9. Neglected innovator s (Firms which innovate with non R& D expenditur es)

All firms SME firms
Specification 21 22 23 24
Variables IP IPR IP IPR
Marketing 0.786** 0.630 0.774**
Design 0.635** 0.741 0.863***
PAI 1.135%* 2.451**
OECD(2) 0.827***
OECD(3) -.206
Interception -1.028 1.087 -0.995 1.664
Nagelkerke 0.107 0.063 0.094 0.040
-2 log-lik. 354.602 310.22 324.873 264
% correct predicted 70.5 81.1 70.2 78.8
N 291 338 272 272

*significant at 1% **significant at 5% (Dependent variable) Innovation in product (IP); innovation in process (IPR);

Model is run using step wise regression, which means that only Significant variables remain in the final equation.

Design: The firms has activities through CAD-CAM

Marketing: The firm has conducted or hired market research and marketing activities and studies to evaluate the market trends and
alternatives

PAI: The firm has an innovation plan and thus the innovation process is formalized

OECD: OECD'’s sector classification (low tech is the reference group)

In Table 9, models 21 and 22 present an average of 185 full-time employees, indicating
that the firms analyzed are mainly SME, although only at a proportion of 82%. Next, in models 23
and 24, the average representing SME firms drops to 59.19 (S.d. 60.56). In this table, the analysis
is restricted to only “neglected” innovators, firms which innovate without performing R&D
expenditures. As observed, the key internal variables explaining innovation are marketing, design
and PAI, i.e., the formalization of innovation activities, especially for innovation in product
(models 21, 22). It is to be noted that no external sources of knowledge, such as suppliers or
customers, are obtained. These neglected innovators concentrate solely on internal sources of
resources. The explanation is based on the fact that they may lack absorptive capacity to access
certain external resources. Nevertheless, a more accurate and thorough analysis is needed to
answer these questions properly. What is the reason why external sources of knowledge are not
required? Are neglected innovators better or worse than R&D innovators in terms of performance?
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The figures indicated that, among the 338 neglected innovators, 121 declared innovation in
product and 273 in process. On the other hand, of the R&D innovators (405), 293 declared
innovation in product and 289 in process.

The following tables point out how the percentage of firms of the total sample (2,023
firms) that have cooperation agreements with customers (17.4%), competitors (2.21%), suppliers
(20.86%), university (21.8%) are, by far, less cooperative in terms of technology agreements in
accessing external knowledge than the innovative firms (743 firms). In this case, it can be
observed that innovative firms have more open innovation processes and engage more with
different partners to access external flows of knowledge. In particular, the firms which
simultaneously combine innovation in product and process are comparatively those which are
more active in conducting interactions with external partners (see Table 10). Following the
analysis, Table 10 demonstrates that innovators account for much more engagements in
cooperation agreements with customers, competitors, suppliers and universities-PROs. In addition,
innovators presented far more external agreements than the non-R&D innovators (55.1%, 7.7%,
68.6% and 57%, respectively), differences significant at p<0.01. Summarizing, R&D innovators
accounted for the majority of external resources, and the non-R&D innovators present very low
percentages of external cooperation. This is consistent with results observed in Table 9, in which
only internal factors explain innovation, in the case of non-R&D innovators, and it is also in line
with the fact that the firms with more internal resources can easily absorb or access external ones.
Put differently, firms with R&D activities and thus, better AC, can easily engage in cooperation
agreements and access external flows of knowledge. This result confirms hypothesis 2. In addition,
this effect is also confirmed with the positive and significant correlation between internal (R&D)
and external resources (hypothesis 2, absorptive effect). Nevertheless, when their interaction effect

Table 10. All firmsin the sample and their technology cooper ation agreements.
Distinction between innovators (both R& D and non-R& D performers) and non-innovators.

Sources of Type of Chi-S. | Non-innovators | Innovators | Innovators in both Total
external knowlede | interactions in product types
or process simultaneously
Customers No interactions | 277,1 1175 380 115 1670
Cooperations p<0.01 105(8.2%) | 130(25.49%) 118(50.6%) | 353 (17,4%)
Total 1280 510 233 2023
Competitors No interactions | 54.78 1271 495 214 1980
Cooperations p<0.01 9 15 19(8.15%) 43 (2.21%)
(0.70%) (2.9%)
Total 1280 510 233 2023
Suppliers No interactions | 383 1166 345 90 1601
Cooperations p<0.01 114 (8.9%) | 165(32.35%) 143(61.37%) | 422 (20.86%)
Total 1280 510 233 2023
University-PROs | No interactions | 229.1 1117 360 105 1582
Cooperations p<0.01 | 163 (12.73%) | 150(29.41%) 128(54.93%) 441(21.8%)
Total 1280 510 233 2023
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table 11 illustrates that the R&D innovators, compared to the non-R&D (neglected) on innovation
is evaluated they function as substitutes rather than complementarities®. Lastly, the R&D
innovators presented a higher productivity ratio (p<0.01) than the non-R&D innovators. On the
other hand, the ROA is higher for non-R&D performers, but this result is not significant (see Table
12). As a result, the existence of R&D variables, combined with a more active network formation
to access external knowledge, are key drivers of a firm’s performance, as evidenced in the
productivity results.

Table 11. Different patterns of tech agreements by R& D innovator s and non-R& D innovators

Partner for technology Chi-S. Existence of Non-R&D R&D innovators Total
agreements cooperation innovators
Customers 188.2%** No agreements 313 182 495
Cooperation 25 223 248
(7.4%) (55%) (33.3%)
Total 338 405 743
Competitors 19.31%** No agreements 335 374 709
Cooperation 3 31 34
(0.9%) (7.65%) (4.5%)
Total 338 405 743
Suppliers 271%** No agreements 308 127 435
Cooperation 30 278 308
(8.9%) (68.6%) (41.45%)
Total 338 405 743
University 146*** No agreements 291 174 465
Cooperation 47 231 278
(13.9%) (57%) (37.4%)
Total 338 405 743
*%% n<0.01

Table 12. Performance differ ences between R& D and non-R& D innovators

Innovative firms
N Mean S.d.
Productivity Neglected 337 45.980 36.5311
F=26.184*** R&D performers 403 63.3039 52.3614
Total 740 55.4188 46.6114
ROA (no significant) Neglected 338 9.280 11.7345
0.161 R&D performers 405 8.927 12.1093
Total 743 9.087 11.9336

**% n<0.01

® Adding the binaries variables UAIT, customers, competitors, suppliers and universities and thus obtaining a variable
from 0-to-5 reflecting cooperation agreements. The correlation (Pearson Coefficient 0,296) is positive and significant
at p<0.01
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6. Discussion of results

The results, summarized in table 13, clearly show that the innovation patterns addressing product
and process innovation differ in terms of their drivers or determinants. Therefore, this study
contributes to highlighting the clear distinction between product and process innovations pointed
out in previous studies (e.g. Freel, 2003; Michie and Sheehan, 2003; Lager and Horte, 2002;
Sternberg and Arndt, 2001; Gopalakrishnan et al., 1999; Papadakis and Bourantas, 1998) which
claimed that these two types of innovations follow different paths and do not necessarily have the
same determinants, as stated in Becheikh et al. (2006). In addition, the results strongly support the
view that non-R&D activities are crucial to understanding the innovation process of any firm, at
least in this low-medium tech context, and thus confirming Santamaria’s et al. (2009) results.

Overall, the empirical results show that low-technology manufacturing firms lag behind
their medium- and high-tech counterparts regarding their product innovation performance,
although they seem to perform similarly at process innovation and confirming the results pointed
out by Kirner et al. (2009). The main reason is that R&D activities are not so important in this
innovation type. In fact, the process innovation is not affected by the type of industry (e.g. see
table 7). In addition, low and medium tech industries are characterised by process, organisational
and marketing innovations, by weak internal innovation capabilities (even to the extent that most
of them lack of R&D facilities) and by strong dependencies on the external provision of inputs
(such as machines and so forth). Suppliers are the most important source for their information and
knowledge, (see table 6 and 7). These results confirmed those of Heidenreich (2009).

Overall, R&D variables are very limited in explaining innovation in process. Specifically,
R&D expenditures work in some cases of innovation in product. In contrast, the role of R&D
employees in innovation in process for low-medium tech and low-tech is remarkable. Similarly,
non-R&D variables are key predictors in explaining both innovation in product and, remarkably, in
process. These results highlight the key importance of human resources in firms in regards to
internal resources (e.g. Cohen and Levinthal, 1990), especially in SMEs (e.g. Muscio, 2007).
Overall, innovation in process can be measured using non-R&D variables, and especially the key
importance of human resources to explain innovation in process, rather than R&D expenditures.
The variables on which the study was based are beyond those of intramural R&D, and the results
have shown that “doing, using and interacting” (Jensen et al., 2007) is a way in which firms rely
on processes and experience-based know-how also found in downstream activities (marketing,
design, etc.) (OECD, 2005). This mainly refers to the low and medium-tech sectors that use
“...incremental problem solving and experimentation [which ]take[s] place on the shop floor and
are closely associated with production beyond well-defined R& D programmes...” (Albaladejo and
Romijn, 2000:4-5). Put differently, innovation is not an exclusive technological effort, but a
strategic and market-driven perspective instead (e.g. Bessant and Tidd, 2007; Terziovski, 2010).
Size is also important in innovation in product, although it is not significant for innovation in
process. This is in line with Rammer et al. (2009) who pointed out that there are few, if any, size-
related barriers to applying innovation management techniques successfully, and innovation
performance is not clearly linked to size (Camison-Zornoza et al., 2004).
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Table 13. Summary of the paper’s objectives and main results.

Objectives:

Results

o First, the paper attempts to understand what the role of non-
R&D input activities is to explain a firm’s innovative
performance, exploring key differences when addressing
R&D activities undertaken to innovate. In addition, this
objective is focused on disentangling the differing role of the
R&D and non-R&D activities effects on both product and
process innovative output.

Second, the paper explores the role of non-R&D innovators
and their strategies of combining internal and external
resources to innovate.

Third, the paper explores the process of innovation in order
to disentangle and shed light on the ambiguous and
fragmented results on the effects of absorptive capacity to
access to external sources of knowledge and the interaction
(complementary versus substitution) effect.

e R&D activities are limited, especially for explaining the
process innovation output, case in which R&D expenditures
does not work. They neither work on small firms, nor in low
tech sectors. On the contrary, R&D expenditures basically
work on product innovation in large firms and high tech
sectors.

¢ Regarding innovation in product, the size is positively related
to the innovation output and the university and the suppliers
are core sources of external knowledge.

e Regarding innovation in process, the non-R&D activities are
important as drivers to explain the innovation outcome. In this
case Human Resources (internally) and suppliers, as external
sources of knowledge, are both critical. In addition, consultants
and customers are also important. Nevertheless, size is not a
determinant, nor the access to university knowledge sources.

¢ Neglected innovators show a poor search strategies to access to
external knowledge, thus reinforcing the AC (hypothesis 2)
proposition; and, the key non-R&D variables to explain
innovative output are basically based on internal sources of
resources, mainly marketing, design and the development of a
formal innovation plan. Neglected innovators are mainly based
on innovation in process.

e R&D innovators take over the majority of external sources of
knowledge, meaning that their higher level of AC, then the more
intensive the use of all available sources of external knowledge. In
fact, the R&D innovators’ innovative outcome is mostly explained
by the combination of internal and external sources of knowledge.
The R&D innovators are more productive, and access to more
resources (open innovation perspective), compared to the non-
R&D innovators.

e In general, cooperation for innovation (open innovation), is
positively related with R&D intensive firms and also with
those firms which achieve simultaneously process and product
innovation.

e The results strongly support the view that non-R&D activities
are crucial to understanding the innovation process of any firm,
at least in this low-medium tech context.

e The empirical results show that low-technology manufacturing
firms lag behind their medium- and high-tech counterparts
regarding their product innovation performance, although they
seem to perform similarly at process innovation.

e Low and medium tech industries are characterised by process,
organisational and marketing innovations, by weak internal
innovation capabilities (even to the extent that most lack of
R&D facilities) and by strong dependencies on the external
provision of inputs, i.e. suppliers.

Source: own

Regarding SMEs, it can be seen that the R&D activities are less important to the extent
that, in low-tech industries, even R&D employees are not significant. These results in SMEs
showed that innovation in these firms is not captured by using only R&D variables, and that other
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non-technological and informal activities are also important, confirming previous studies (Rammer
et al., 2009; Hall et al., 2009). Therefore, the explanation of the innovative process in the vast
majority of SMEs (in low-tech, they represent one half of the total sample) can be made without
R&D variables and thus, the innovative pattern can be captured.

Nevertheless, R&D variables have also showed strength. Some authors claim that firms
need to improve their organizational capabilities by formalizing their structures and systems in
order to become more efficient (Bessant and Tidd, 2007; Prakash and Gupta, 2008), especially
regarding the functional specialization showed in R&D expenditures, or the formal plan to
innovate (PAI). In fact, Terziovski’s (2010) findings reveal that formalization is a main driver of
the SMEs innovative performance, even beyond the traditional R&D expenditures variable.
However, and following Terziovski (2010), these results contradict the traditional view that
formalization varies inversely with innovation (Acs et al., 1997; Damanpour, 1992).

Lastly, the R&D innovators presented a higher productivity ratio than that of the non-R&D
innovators. As a result, the existence of R&D variables, combined with a more active network
formation to access external knowledge, are key drivers of a firm’s performance as evidenced in
the productivity results. Confirming Arundel et al. (2008) it can be noted that, in comparison with
R&D innovators, non-R&D innovators (1) present a lower access to external flows of knowledge,
i.e. networking. These results contradict some scholars’ conclusions that certain types of SMEs
have a greater ability to rely on external networks (Nooteboom 1994; Rothwell and Dodgson
1994) and to create innovative alliances (van Dijk et al. 1997); (2) the non-R&D innovators
present lower innovation capabilities, i.e. AC; (3) the non-R&D innovators are more likely to
focus on process innovation. Nevertheless, one key distinction should be noted: the non-R&D
performers are basically performers of innovation in process and, in this aspect, outperform the
R&Ds (80.7% conducted innovation in process and 35.6% in product, while the R&D innovators
carried out 71.5% in process and 72.5% in product; p<0.01).

7. Conclusions

This paper attempts to use an integrated framework based on a firm’s internal and external
resources to innovate and contributes to the innovation literature in three different ways. First, the
paper attempts to understand what the role of non-R&D input activities is to explain a firm’s
innovative performance, exploring which key differences can be detected when R&D activities are
undertaken for innovation. In addition, the paper analyzes the main effects of the R&D and the
non-R&D activities on measuring process and product innovation. Second, the study tackles the
role of the non-R&D innovators and their strategies of combining internal and external resources
to innovate comparing them with the traditional R&D innovators. And third, the paper explores the
process of innovation disentangling the ambiguous results of the literature about the effects of
absorptive capacity to access to external sources of knowledge and the interaction (complementary
versus substitution) effect of combining internal and external sources of knowledge. The paper
fills all these gaps by obtaining empirical evidence on 2,023 Spanish firms. The summary of the
conclusions, effects and the accomplishment of the hypothesis are showed in table 14.
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Table 14. Hypothesis, results and related conclusions.

on afirm’sinnovative
performance

knowledge on
innovative output.
Positive
(complementary) and
negative (substitution)

less the use of external
sources of knowledge
to innovate*

different sample of
Spanish firms.
Vega-Jurado et al.
(2009); Laursen and
Salter, (2006)

Hypothesis Effect Expected | Result Table Hypothes | Results Literature confirming | Conclusions
result and is results
method
H1A firm’sunique stocks of Internal knowledge and | Positive | Positive, Table 4, |Accepted | The firms’ internal Vega-Jurado et al. A firm’s internal resources affects
internal resourcesispositively |innovative output significant |5,6and 7 resources, both R&D [ (2008); positively its innovative output. Thus,
associated with afirm’s (Logit and non-R&D Escribano et al., (2009) |the drivers to explain IP and IPR are
innovative performance test) influence positively different. IP is mainly explained by
innovation R&D activities and IPR by non-R&D
activities
H2 A firm’s AC moderatesthe | Absorptive capacity or | Positive |Positive Table 9 | Accepted | The firms’ internal Escribano et al. (2009); | The firm’s AC, i.e. the firm’s internal
access to external resour ces the potential capability and and 11 resources (AC) allow | Hervas-Oliver and resources, moderate the access to
to access to external significant [ (Anova the access to external | Albors-Garrigos external sources of knowledge. Thus,
knowledge test) sources of knowledge. |(2009); the higher the level of AC, the more
Thus, the higher the intensive the access and variety of
AC, the higher the external sources of knowledge.
access to external Especially, this is noticed comparing
sources of knowledge. R&D and non-R&D innovators.
H3 A firm’slinkages with other | External sources of Positive [ Positive Table 4, |Accepted | The external sources of | Escribano et al. (2009); | The sources of external knowledge are
firmg/institutions ar e sour ces of | knowledge and and 5,6and 7 knowledge impacts Hervas-Oliver and positively related with the firms’
external knowledge which are [ innovative output significant [ (Logit positively the firms’ Albors-Garrigos innovative output. In addition, the
positively associated with a test) innovative output (2009); Vega-Jurado et [sources employed to achieve
firm’sinnovative performance al., 2009; Gambardella, [innovation in product (suppliers and
1992; Huergo, 2006; university) differs from those related to
process innovation (customers and also
suppliers).
H4 Thelevel of technological Tech opportunities and [ Positive | Positive, Table 4, | Accepted | The tech opportunities |Escribano et al. (2009); | The level of tech opportunities and
opportunities and appropriability significant |5,6and 7 and the appropriability |Vega-Jurado et al., appropriability in each group of
appropriability conditions (Industry )effects on (Logit conditions affect the (2009); Nieto and industries (low, medium and high tech)
embedded in afirm’sindustry [innovative output test) firms’ innovative Quevedo, 2005; influence the innovative output. The
isrelated positively to the output. Thus, the more | Klevorick etal., 1995; [ more knowledge-intensive industries
firm’sinnovative performance knowledge intensive Geroski, 1990) present higher innovation output that
industries affect the lower ones.
positively the
innovation outcome
H5 Theinteraction of afirm’s | Interaction effect of Positive [Negative, |Table7 |Accepted |Substitution effect. Especially confirming | The substitution effect shows a
internal and exter nal sources of | combining internal and | or significant | (Logit Firms with higher Vega-Jurado et al. decrease in the effect exercised by the
knowledge generates an impact | external sources of negative test) internal resources need | (2008) results in a externals sources of knowledge on

innovation when the variables for
internal resources are increased **

*Do not confuse with hypothesis 2.

H2 is just access to external resources and H5 is the use of the resources in combination with the internal ones to innovate. ** This is not a OLS and therefore there is
no linear (by unit of change) explanation. IP Innovation in product; IPR innovation in process, AC Absorptive capacity
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For this purpose, our study goes beyond intramural R&D, consistent with the fact that, in
low-tech intensive countries, firms do not perform high levels of intramural R&D expenditures.
Spain is chosen because it is a technology-follower country predominantly articulated by
traditional low-technology sectors, and SMEs with low R&D expenditure (Vega-Jurado et al.,
2009). The paper articulates the innovation performance measurement while combining literature
on internal and external sources of knowledge, offering a comprehensive theoretical framework
based on five hypotheses which disentangle the role of internal and external flows of knowledge to
explain a firm’s innovative output in a comprehensive and integrative manner. The paper analyzes
the non-innovators and the innovators, differentiating in the latter, the R&D and the non-R&D
innovators. All these sub-samples offer an in-depth analysis for checking the behaviour of all the
different firms to innovate. The results confirmed the stated hypotheses.

While R&D expenditures are a key driver of a firm’s innovative product performance,
innovation in process should be measured differently, using non-R&D variables, especially when
addressing low-tech and low-medium tech sectors extensively. It is also interesting to note the
importance R&D employees have in innovation in process. This, jointly with other indicators of
qualified employees, reflects the core importance of human resources to explain innovation in
process, rather than solely R&D expenditures which do not work in this type of innovation. This
results confirmed the claims made by Raymond and St-Pierre (2010) about the fact that firms in
low tech and medium-low tech sectors surpass the medium to high tech firms adopting advanced
manufacturing technologies, although the medium to high dominate in terms of R&D. In addition,
it is pointed out that firms in low-tech sectors are more active in process innovation. Following the
outcomes form the innovators from the sample, the results also disentangle the true role of R&D
expenditures from other innovation activities in low-medium tech-low-tech contexts. In this case,
it can be seen that the R&D variables do not work in both innovation in product and process, but
that the non-R&D variables do, and are key predictors. SMEs conduct innovation activities with
no permanent in-house R&D performing. This result implies alternative ways, other than solely
R&D, to exploit internal innovation potentials and access external sources of knowledge to
innovate.

Therefore, the innovation performance in product and process can also be explained using
non-R&D variables such as investments in marketing, design, DCT (technology monitoring
committee existence), PAI (formal innovation planning established) and NewSkills (process of
hiring new high-qualified academic workers). In fact, different scholars have worked without
taking into consideration R&D intensity, addressing only technological competences (Bougrain
and Haudeville, 2002; Freel, 2003, 2007; Muscio, 2007) when working on SMEs. Using PCA
factors, it is notable that the non-R&D variables factor obtained explains more (higher coefficient)
than the R&D variables factor obtained, albeit in some cases, R&D expenditure occasionally
works with the highest coefficient, especially for innovation in product. As for the tech intensity in
the sectors analyzed, it can be seen that the lower the tech-intensity of the industry, and thus the
lower the tech opportunities and the appropriability conditions, the less relevant are the R&D
variables.

By explaining the differing types of innovation performance, i.e. product and process, the
paper reached the following conclusions. First, when explaining innovation in product, the R&D
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variables are representative of the innovation activities for all types of firms in all types of sectors
(low-medium tech and low-tech), and even for SMEs. Nevertheless, the non-R&D variables
become much more important especially for low-tech sectors and the SMEs, where R&D variables
have less importance. In the case of innovation in product, the university is an important source of
external knowledge, even for the SMEs, complementing the source of knowledge from suppliers,
which is the core external source of external capabilities. Overall, size has a positive and
significant effect for innovation in product. Second, addressing innovation in process, it is
evidenced that R&D variables work in a few specific cases. Additionally, the R&D expenditures
variable never works and the R&D employees variable works only occasionally. In this type of
innovation, the non-R&D variables are crucial for explaining innovation in process, being more
important than the R&D variables. Here, size is not important statistically, i.e. all types of firms,
even the SMEs, can conduct innovation in process and the university is not necessary, but
suppliers and, especially, qualified human resources in-house are

Regarding external sources of knowledge, it is stressed that while innovation in process
requires external resources such as interaction with UAIT, customers and suppliers, innovation in
product mainly needs suppliers, and occasionally universities. This is in line with some studies
(e.g. Nieto and Santamaria 2007) which indicated that the specific characteristics and objectives of
different partners would bring different results. This is in line partially with some scholars (e.g.
Grimpe and Sofka, 2009 focus on Germany) who pointed out that, in low-medium tech industries,
the search pattern is mainly aimed towards customers and competitors, and the high-tech industries
are more related to linkages with suppliers and institutions. Suppliers are the external sources most
employed by firms in their search strategies. Nevertheless, our evidence reveals that the low-tech
sectors (following Pavitt or OECD) are more engaged with suppliers, rather than with customers or
competitors. This can also be linked to the fact that our sample of firms presented very low levels
of R&D expenditures compared to other studies referring to other countries, such as Germany,
which presented higher figures for R&D expenditures. This conclusion opens new research
avenues about the European Union’s differences and requires more in-depth analysis.

When restricting the sample to only “neglected” innovators, then according to the results,
the key internal variables explaining innovation are marketing, design and PAI. The latter variable
(PAI, the formal plan of innovation activities) is important, especially in innovation in product for
the non-R&D innovators, meaning that the formalization of innovation activities, through R&D or
PAI activities, for the non-R&D innovators, improves and upgrades a firm’s innovation output in
product. This confirms previous literature about manufacturing firms which claimed that
formalization through functional specializations, which is linked to formal structure, improves a
firm’s innovative performance (Benner and Tushman, 2003; Camison-Zornoza et al., 2004;
Terziovski, 2010). In addition, no external sources of knowledge, such as suppliers or customers,
are utilized for innovation, meaning that the neglected innovators concentrate mainly on internal
sources of resources. The explanation is based on the fact that they may lack absorptive capacity to
access certain external resources, a fact that is reinforced below when comparing them with the
R&D performers. In fact, R&D innovators accounted for the majority of the external resources of
knowledge, and the non-R&D innovators present very low percentages of external cooperation,
although they are much more active than the non-innovative firms. This is consistent with the
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results observed in the econometric specifications in which only internal factors explain innovation
for non-R&D innovators, and it is also in line with the fact that the firms with more internal
resources can easily absorb or access external ones, according to the hypothesis presented in
regard to absorptive capacity. This result is also consistent with the fact that firms with R&D
activities and thus, better AC can easily engage in cooperation agreements and access external
flows of knowledge. Our results contradict those of Barge (2010) which state that small firms and
less intensive R&D ones are more active about cooperation. Nevertheless, the non-R&D
performers are basically performers of innovation in process. Lastly, the R&D innovators
presented a higher productivity ratio (p<0.01) than the non-R&D innovators, which are
predominantly innovators in process.

The interaction effect is especially negative and significant, addressing the substitution
effect found in the other studies mentioned. The point made that firms conducting R&D efforts
through R&D variables (AC_1 factor) substitute the supplier source of knowledge for in-house
knowledge only for performing innovation in product is really interesting. In the case of non-R&D
variables, the substitution effect through AC_2 factor occurs in all types of innovation activities,
both for product and process. Therefore, and addressing the discussion about the complementing
or substituting role of external sources of knowledge (e.g. Laursen and Salter, 2006), it is
evidenced that the observed “informal way” of conducting innovation in process, represented
mainly by non-R&D variables (NewSkills, Design, Marketing activities, and so on) carried out in-
house, substitutes the incorporation of external knowledge from suppliers. These results reinforce
those pointed out by Laursen and Salter (2006) and especially by Vega-Jurado (2008, 2009) who
works using a sample of Spanish firms.

The paper has important implications for policymakers. The non-consideration of the non-
R&D performers and variables, especially in innovation in process, left uncovered an important
issue in the traditional policymakers’ view. In addition, innovation in product needs R&D
activities and the support of the university, while innovation in process requires a different input of
innovation activities. Therefore, instead of trying to develop only R&D activities, policymakers
should pay attention to the fact that innovative performance can be achieved without R&D
activities, especially by reinforcing a firm’s internal resources which determine, at least partially,
the amount of external knowledge accessed from cooperation agreements.

Overall, the paper has two main issues which require further discussion. First, R&D
activities are very important. The presence of formal R&D activities within SMEs is crucial in
order to explain innovation, as confirmed in other studies (e.g. Hall et al., 2009; Rammer et al.,
2009; Holzl, 2009; Stam and Wennberg, 2009). Nevertheless, it has also been mentioned that
innovation in SMEs presents peculiarities which traditional R&D indicators do not capture, also
evidenced in previous works (e.g. Hall et al., 2009; Rammer et al., 2009; Arundel et al., 2008).
R&D performers achieved better performance, in terms of productivity or innovation, and also
presented a better AC to absorb external flows of knowledge in connected networks, a task which
is poorly performed by non-R&D innovators. Second, considering the results (especially those
outlining the key role of R&D employees and Newkills), the promotion of a solid repository of
human resources and the hiring of qualified personnel as a driver to build a firm’s own resources
(e.g. Lundvall, 2002; Muscio, 2007; Vinding, 2006) is also crucial. This policy can foster the
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building-up of core in-house resources for conducting non-R&D activities to achieve innovative
output and, simultaneously, could provide firms with a more consistent AC platform to access
external knowledge, especially in the case of the SMEs in low-tech and low-medium tech sector
contexts. Therefore, this step is necessary to finally construct sufficient capabilities for engaging in
R&D activities. Nevertheless, most of the policies try to promote just the opposite, fostering the
formalization of R&D activities through R&D expenditures, when the lack of proper human
resources can be a deterrence in SMEs and low-tech sectors, discouraging them from accessing
external knowledge and consequently from achieving the aforementioned virtuous circle. Put
differently, R&D policy should be targeted at particular categories of SMEs, instead of a general-
policy purpose, confirming other studies (e.g. Ortega-Argiles et al., 2009; Stam and Wennberg,
2009). Following this chain of thought, policymakers should ensure that SMEs have access to
other innovative inputs different from R&D activities, such as hiring academically-skilled
personnel and incorporating high-value activities such as marketing and design. These efforts will
upgrade a firm’s AC to conduct the straight development of new product/process and the indirect
mechanism of upgrading the firm’s AC to access innovative networking. Nevertheless, a firm’s
AC is not only R&D (e.g. Cohen and Levinthal, 1990; Lane et al., 2006) but also human resources.

The paper has some limitations. As Qian and Li (2003) pointed out, causality is impossible
to determine at a single point in time, although this study makes the assumption that the
independent variables have a causal relationship with the firm’s innovative performance, due to
the lag period considered between independent and dependent variables. In addition, the results are
limited to technology followers countries, and some conclusions may not be observed in other tech
advance countries. For future studies, the role of non-R&D innovators should be analyzed deeper,
especially comparing the European Union countries.
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Appendix A

In table Al the analysis is restricted to low-medium tech (1735) firms (specifications 25 to 28) and
low-tech (1365) (29 to 32) firms. R&D expenditures work significantly (18.339 and 24.37 at
p<0.01, specifications 15 and 19) for innovation in product, nor in any innovation in process
outcome. Only innovation in process in low-tech firms is explained by R&D employees
(specification 22, 5.9 at p<0.01 and specification 18, 3.15 at p<0.05) while R&D expenditures
does not work in any model of innovation in process. Overall, the external flows of knowledge
(suppliers, universities and customers) work statistically significant. Size is also important
(specification 25, 26, 29, 30 at p<0.01) in innovation in product, although it does not work for
innovation in process. UAIT is significant (specification 27 and 28, p<0.01; and specification 31
and 32, p<0.05) in innovation in process for both low-medium tech and low-tech firms. Therefore,
the role of R&D employees in innovation in process for low-medium tech and low-tech is
remarkable. And the role of external resources is always important in a firm’s strategic
combination of external flows of knowledge. Nevertheless, focusing on the rest of variables
addressing a firm’s internal resources, it is pointed out how the variables addressing human
resources (NewsSkills) and value-adding non-R&D activities (Design, Marketing effort,) and
technology (the existence of a formal plan for innovation, PAI; the existence of a technology

Table Al Results of the logit modd explaining the probability of innovation in product and
process

Type of industry low-medium tech firms low-tech firms
Specification 25 26 27 28 29 30 31 32
Variables IP(R&D | IP (non- IPR IPR IP(R&D | IP (non- IPR IPR(R&D
variables) R&D) (R&D variables) R&D (non- variables)
variables) variables) | R&D)
NewsSkills 0.745*** [ 0.787*** 0.853*** [ 0.746***
DCT 0.958*** | 1.137***
Marketing 0.746*** | 0.723*** | 0.440*** | 0.472*** | 0.640*** | 0.640***
Design 0.588*** | 0.667*** 0.767*** [ 0.779*%** | 0.405*** | 0.418***
PAI 0.690*** | 0.895*** | (.392** 0.616***
R&D employees 3.150** 5.088***
R&D expenditures | 18.339*** 24.379***
UIAT 0.517*** [ 0.551*** 0.398** 0.422**
Customers 0.416** | 0.429** 0.540**
competitors -1.668** | -1.686**
Suppliers 0.994*** | 0.985*** | 0.579*** | 0.697*** | 1.062*** | 1.077*** | 0.538** [ 0.940***
University 0.403** 0.505** | 0.521**

Lnemployees 0.212*** | 0.205*** 0.209*** | 0.197*** 0.138**
Interception -3.083 -2.762 -2.272 -2.378 -4.035 -3.973 -1.701 -2.221
Nagelkerke 0.355 0.343 0.188 0.191 0.333 0.324 0.189 0.173

-2 log-lik.
% correct predicted 84.7% 84.5% 76.3% 76.3% 87.7% 87.9% 77.7% 77.1%
1735 1735 1735 1735 1365 1365 1365 1365

***significant at 1% **significant at 5% Model is run using step wise regression, which means that only significant variables
remain in the final equation.
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monitor committee, DCT) are important and significant in most of the specifications (see table
Al). Again, it is remarkable the fact that R&D expenditures variable is important and present the
larger coefficient (18.3 and 24.3) only for innovation in product. As a result, at least innovation in
process should be measured differently, using non-R&D. It is also interesting to observe how
important can be R&D employees in innovation in process (specifications 28 and 32), which
jointly with NewsSiklIs reflect the core importance of human resources to explain innovation in
process, rather than R&D expenditures. This key importance is much more reflected when firms
are in low-tech sectors (specification 32 for low-tech context the coefficient takes de value 5.9 vs
3.1 in specification 28 for the low-medium tech case).

In table A2 it is showed the specific results when the low-medium tech and low-tech
industries are restricted to SMEs (1402 and 1130, respectively). As such, when the analysis is
restricted to just SMEs in low-medium tech sectors the size average drops to from 220 (all the
sample) 60.68 (S.d. 64.9); similarly the SMEs in low-tech sectors presented a size average of 56.3
(S.d. 61.8). In this context of low-medium tech-low-tech and SMEs, it is observed how R&D
expenditures have a principal effect on innovation in product (specification 33 and 37), with a
coefficient of 30.178 and 22.4, respectively (p<0.05). In the rest of specifications, without R&D
variables and specially for measuring innovation in process this variable does not work. Again
R&D employees and NewSkills only work for innovation in process (2.88, p<0.01, specification
36) and the rest of models the non-R&D variables are statistically significant. No R&D variables is
significant in low-tech sectors

Table A2. SMEsin low-medium tech and low-tech industrieswith original variables

Type of industry low-medium tech_SME low-tech_SME
Specification 33 34 35 36 37 38 39 40
Variables IP (R&D IP (non- IPR IPR (R&D | IP (R&D |IP (non-R&D| IPR (non- | IPR(R&D
variables) R&D) variables) | variables) | variables) R&D) |variables)
NewsSkills 0.543***  (0.559*** 0.783***| 0.811***
DCT 0.901*** 1.082%**
Marketing 0.441***|  0.517*** 0.656**
Design 0.794*** 0.821***| (.317*** 0.911*** 0.807***| 0.501***| 0.511***
PAI 0.908*** 0.929***| (.893***
R&D employees 2.886***
R&D expenditures| 30.178** 22.432**
UIAT 0.626[ 0.623***
Suppliers 1.518*** 1.403***| 1.046%**|  0.983***| 1504*** 1.586%** 1.066***
University 0.59%** 0.653*** 0.796*** 0.941***
Lnemployees  [0.29300*** 0.262*** 0.249
Interception -3.928 -3.628 -0.747 -0.642 -3.825 -2.951 -1.714 -1.716
Nagelkerke 0.309 0.234 0.125 0.127 90.2 0.272 0.126 0.128
-2 log-lik. 882.6 907.6 1366 1402 624.61 631.6 1130 1081
% correct predicted 87.9% 86.9% 78.6% 78.8% 90.2% 90.3 79.6% 79.6%
N 1402 1402 1402 1402 1130 1130 1130 1130

***significant at 1% **significant at 5% Model is run using step wise regression, which means that only significant variables
remain in the final equation.
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In table A3, regarding specifically low-medium tech and low-tech sectors (specifications
41 to 48) and using the PCA factors to check results it is evidenced that AC_2 (non-R&D
variables) explain more than AC_1 (R&D variables) due to its larger coefficients, although both
are significant (p<0.01). The rest of results are similar to the ones explained above.

Table A3. Results of the logit model of the probability innovation in product and process for
low-medium tech and low-tech industriesincluding SMEs.

Typeof industry low-tech firms low-medium tech low-medium low-tech_ SME
and firms tech SME
41 42 43 44 45 46 47 48
Variables IP IPR IP IPR IP IPR IP IPR
AC 1 0.617*** 0.421*** (0.522*** (0.214*** (0.519***  (0.222*** (.442*** (.482***
AC 2 0.804*** 0.460*** 0.697*** 0.340*** 0.671*** (0.379*** (.724*** (.532***
UIAT 0.362** 0.518*** 0.593***
Suppliers 0.945***  0.648*** 0.856*** (.668***  1.288***  (.797*** 1.522*%** (. 784***
University 0.816***
L nemployees 0.115**  0.125** 0.121*  0.297*** 0.188***
I nterception -2.031 -1.655 -2.920 -1.804 -2.104 -1.398 -2.304 -1.844
Nagelkerke 0.289 0.187 0.330 0.176 0.291 0.122 0.270 0.136
-2 log-lik. 893.687 1364.042 1262.241 1789.218 900.14 1364.66 632 1074.83
% correct 86.4% 77.5% 81.6% 76.4% 87.2% 78.6% 90.2% 80.2%
predicted
N 1378 1378 1756 1756 1402 1402 1139 1139

***significant at 1% **significant at 5% Model is run using step wise regression, which means that only significant variables

remain in the final equation.
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