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1. Introduction

Innovation is seen as an
essential factor when it
comes to improving busi-
ness competitiveness in
the industrial sector. The-
refore, this activity is in-
cluded within the range of
factors that work as eco-
nomic growth engines. Al-
though not all the innova-
tions carried out by firms
are protected by patents, s-
tudying them allows for
the differentiation of those
innovation areas which
can be measured more ob-
jectively and which ar-
guably generate greater
added value.

The agri-food industry is
one of the strategic Span-
ish sectors given that in
2011 it represented 18.3%
of sales and 16.7% of em-
ployment in the Spanish
industry as a whole (INE,
2012). The importance of
this sector becomes even
greater if we look into the
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l'industrie agroalimentaire espagnole et plus précisément les innovations que les
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in equipment, skilled work-
force, etc. Although the
bulk of practical research
shows that R&D (Gopi-
nath and Vasavada, 1999;
Cabral and Traill, 2001;
Traill and Muelenber,
2002; Batternik et al.,
2006) and investment in
technology (Rama, 1996;
Garcia and Burns, 1999;
Huiban and Bouhsina,
1998; Cabral and Traill,
2001) are the main factors
in the agri-food industry,
there are other variables
and circumstances which
also influence the success
of innovations protected
by patents.

In this context, the aim
of this study is to deter-
mine which are the fac-
tors associated with busi-
ness innovation in the S-
panish agri-food industry
taking the registration of
patents as an indicator of
innovation. In other words,
we aim at providing em-
pirical evidence to enable

contribution it makes to the support of the population in dis-
advantaged areas of rural Spain providing economic activi-
ty and therefore demand for labor, which in turn favors the
development of these areas. It is therefore critical for agri-
food companies to increase their competitiveness in order
to keep contributing to and promoting economic growth.
Firms can resort to various alternatives for improving
competitiveness through innovation: R&D activity, techno-
logical cooperation with other firms and/or public bodies
and to other types of internal resources such as investment
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reflecting upon those strategies that Spanish agri-food busi-
nesses put in place in order to promote the kind of innova-
tion which adds greater value and generates higher compet-
itiveness, namely innovation protected by patents.

The contribution of this study to the empirical literature is
the following: (1) different types of innovation inputs are
dealt with together, that is various types of R&D (external
and internal), various types of technological cooperation
(with suppliers, customers, competitors, universities and
technological centers) and various types of internal re-
sources (technological, human, commercial and financial);
(2) a differentiated analysis is carried out according to the
type of company —SME or large firm— through a period of
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stable growth of the economy, 1998-2008 and (3) robust e-
conometric models are used (fixed effect and random effect
count panel data).

The study is structured in the following way. First, the
most relevant theoretical and empirical literature is re-
viewed and the practical application hypotheses are pro-
posed. Next, methodological aspects such as the data base
used, the selected variables and the estimated econometric
specifications are presented. Following that, the estimations
are presented and results are commented on and discussed.
Finally, the main implications of the study are set out.

2. Background and hypothesis

2.1. Theoretical framework

Solow’s (1957) neoclassical model emphasizes that tech-
nical progress is a key factor in the achievement of eco-
nomic growth along with investment in labor and capital.
With this model, Solow estimated that four fifths of U.S.
growth was attributable to technical progress, with techno-
logical innovation offsetting diminishing returns on in-
creases in capital and labor. However, there is a wide vari-
ety of factors that influence the dissemination and adoption
of innovations.

The resource-based view (Penrose, 1959; Wernerfelt,
1984) examines how firms obtain competitive advantages
through strategies which promote the development of re-
sources and capacities. Among the various categories of re-
sources considered, we obviously find those related to in-
novation and R&D spending, though they are not inde-
pendent of other resources that firms may possess. Chris-
tensen (1995) presents an integrated vision of technological
innovation, holding that it is determined by the conjunction
and inter-relation between innovation assets and comple-
mentary assets (marketing, distribution, after sales service,
etc.). Exclusive consideration of R&D resources can lead to
undervaluing or neglecting a handsome part of the techno-
logical efforts made by businesses. Innovation assets in-
clude scientific research, process development (machinery,
production systems, organization, logistics, quality, etc.)
and products (product engineering, materials, components,
etc.) as well as resources directed to aesthetic design (both
product and packaging). Complementary assets are also
critical for innovation success as shown by Teece (1986),
through many examples of businesses which failed to cap-
ture the benefits of their innovations given that other imita-
tor companies were strong in complementary assets for
those innovations.

Technological innovation is better understood through
this wider vision of combining innovation and complemen-
tary assets rather than resorting exclusively to R&D inten-
sity. The interest of the empirical research would be sin-
gling out the assets’ combinations to be addressed in the
context of the innovation strategies of businesses in differ-
ent areas and situations, while inertia can also be important
by its decisive role in spreading innovation (Cannarella and

Piccioni, 2007). Christensen (1995) discusses different pro-
files of industrial innovation and holds that in agri-food
businesses innovation is more focused on the development
of products and aesthetic design. However, there also exists
the possibility of innovation in intensive scale production
processes and also innovation based directly on scientific
research through the use of biotechnology.

2.2. Empirical research

There is a vast empirical literature which looks into inno-
vation determinants regardless of the production activity
carried out by the businesses analyzed, which leads to a
failure to detect the effects of the innovation (de Jong and
Vermeulen, 2006). The specificity of each sector is impor-
tant as each one approaches innovation at a different pace
and through different technological sources (Pavitt, 1984)
and also because the capacity to capture the innovation-
generated income is a function of factors dependent on the
productive structure, on the nature of the technology and on
the protection regime (Teece, 1986). Studying in more
depth the behavior patterns of each industry allows for im-
proving innovation promotion policies and business com-
petitiveness.

This section reviews the empirical literature of the last
few years, more specifically the most relevant contributions
which look into those business resources which character-
ize the innovation capacity of the agri-food industry. An in-
teresting question, both in practical and theoretical terms,
and one regarding the answer to which there is no consen-
sus, is how to measure business innovation. In a good part
of the agri-food literature reviewed, this is approached on
the basis of dichotomous variables which look at whether
companies innovate in products and/or processes (Garcia
and Burns, 1999; Huiban and Bouhsina, 1999; Roder et al.,
2000; Cabral and Traill, 2001; Brewin et al. 2009). These
variables are generally the answers given by businesses
themselves to surveys on innovation strategies. This leads
to counting certain aspects which do not involve a real
change in technology and which do not confer a competi-
tive advantage for the sectors’ innovation. Another alterna-
tive for measuring innovation is the number of patents reg-
istered (Rama, 1996; Gopinath and Vasavada, 1999; Al-
franca et al., 2004), an option which some authors view as
too restrictive, especially so in the case of the agri-food in-
dustry given that new products are developed at high speed
(Brewin et al. 2009). This study nonetheless adopts this ap-
proach as it constitutes a more objective measure and is the
part of the innovation which contributes the most to com-
petitiveness and the generation of added value and prof-
itability for businesses.

Notable among the variables used to explain business in-
novation are technology investment inputs (Rama, 1996;
Garcia and Burns, 1999; Huiban and Bouhsina, 1998;
Cabral and Traill, 2001), R&D spending (Gopinath and
Vasavada, 1999; Cabral and Traill, 2001; Traill and Mue-
lenber, 2002; Batternik et al., 2006), technological cooper-
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ation (Cabral and Traill, 2001; Batternik et al., 2006;
Karantininis et al., 2010; Baviera-Puig et al., 2012, 2013)
and the quality of labor (Avermaete et al., 2004; Huiban
and Bouhsina, 1998).

Many studies look into firm size (Alfranca et al., 2004;
Cabral and Traill, 2001; Hartland Herrmann, 2006; Huiban
and Bouhsina, 1998; Karantininis et a/., 2010) and into fac-
tors related to the competitive position of the firm and the
connections it has developed with suppliers, clients and
competitors. Among these are studies which have measured
the following variables: market orientation (Batternik et al.,
2006; Cabral and Traill, 2001), market power of producers
(Gopinath and Vasavada, 1999; Hartland Herrmann, 2006;
Weiss and Wittkopp, 2005), market power of retailers
(Weiss and Wittkopp, 2005), market size (Roder et al.,
2000), pressure from competitors (Brewin et al., 2009),
vertical integration (Karantininis et al., 2010), product di-
versification (Hartland Herrmann, 2006; Roder et al.,
2000), marketing (Avermaete et al., 2004), exports (Karan-
tininis et al., 2010), and financial resources (Batternik et
al., 2006).

2.3. Hypotheses

Based on this theoretical and empirical review, hypothe-
ses related to innovation assets and complementary assets
have been proposed. The former include R&D activity (hy-
pothesis 1) and technological cooperation (hypothesis 2)
which have been broken down into different categories. A
positive relationship between these variables and innova-
tion by means of patents is expected.

Hypothesis 1A: external R&D bears a positive relation-
ship to patent registration in the Spanish agri-food busi-
nesses.

Hypothesis 1B: internal R&D bears a positive relation-
ship to patent registration in the Spanish agri-food busi-
nesses.

Hypothesis 2A: cooperation with suppliers bears a posi-
tive relationship to patent registration in the Spanish agri-
food businesses.

Hypothesis 2B: cooperation with customers bears a posi-
tive relationship to patent registration in the Spanish agri-
food businesses.

Hypothesis 2C: cooperation with competitors bears a
negative relationship to patent registration in the Spanish
agri-food businesses.

Hypothesis 2D: cooperation with universities and tech-
nology centers bears a positive relationship to patent reg-
istration in the Spanish agri-food businesses.

The review above shows how investment in capital goods
can lead to innovation. Therefore, a positive contribution is
expected:

Hypothesis 3A: investment in capital goods bears a posi-

tive relationship to patent registration in the Spanish agri-
food industry.

Some authors claim that large firms can better improve
the organization and financing of their resources and that
this in turn can increase the chance of their carrying out in-
novation activities (Schumpeter, 1934). However, other au-
thors argue the opposite, that is, that large firms tend to be
more rigid than small ones, the latter being more capable of
adapting to the environment where they operate. Therefore,
a relationship between size and patenting capacity is to be
expected. A plausible possibility would be to expect the ex-
istence of a certain optimum size and that the relationship
would be positive up to that size and then negative once it
is exceeded. Either way, the hypothesis is formulated in
more general terms:

Hypothesis 3B: firm size bears a significant relationship
to patent registration in the Spanish agri-food industry.

Furthermore, hypotheses for human, commercial and fi-
nancial resources have been included and they are expected
to bear a positive relationship to patenting capacity:

Hypothesis 3C: the quality of human resources bears a
positive relationship to patent registration in the Spanish
agri-food businesses.

Hypothesis 3D: the quality of commercial resources bears
a positive relationship to patent registration in the Span-
ish agri-food businesses.

Hypothesis 3E: the quality of human resources bears a
positive relationship to patent registration in the Spanish
agri-food businesses.

3. Methodology

3.1. Data base

The data base used in this study is taken from the En-
cuesta Sobre Estrategias Empresariales, ESEE, [Survey of
Business Strategies], http://www.fundacionsepi.es/esee/sp.
The survey is carried out on a representative sample of
firms from all sectors of industry. From this database an ini-
tial sample of 449 different agri-food businesses was ex-
tracted. It is an unbalanced panel with information for the
period 1998-2008. This panel was divided in two, one
formed by SMEs (200 or less employees) with 68.2% of
observations and the other for large ones (more than 200
employees) with 31.8%.

3.2. Variables

The number of patents (PAT) registered both in Spain and
abroad has been taken as the dependent variable. We con-
sider patent registration as an output indicator measuring
truly innovative activity. It is a count variable i.e. it corre-
sponds to the answer to the survey question regarding the
number of patents presented each year. The firms in the
sample registered 348 patents between 1998 and 2008, of
which 41.1% were registered by SMEs and 58.9% by large
firms. In other figures that would be: in this sector the av-
erage patent rate per company and year is 0.1489 (Table 1)
and large firms have average rates (0.2740) three times
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higher than SMEs (0.0899). Therefore, it is clear that large
firms patent more both in absolute terms and by company.
However, many SMEs also register patents and together
they represent more than 40% of the sample total.

Figure 1 shows the change in the number of patents reg-
istered both in Spain and abroad over the period analyzed.
In percentage terms and in the Spanish agri-food sector, the
number of patents registered in Spain for the eleven-year
period studied is 50% vs. 30% registered abroad. For the in-
dustry as a whole the registered patents average percentage
in Spain is 41% vs. 59% registered abroad.

We estimated the technological resources based on the ef-
forts made by firms to carry out R&D activity by means of
R&D external expenditure (exRDS) and R&D internal ex-
penditure (in RDS). The ratios included in the analysis are
the values of these variables divided by volume of sales:

R&D external expenditure

exRDS =
sales

R&D i .
mRDS = &D internal expenditure

sales

Figure 2 shows there is a higher number of firms with R&D
internal expenditure than firms with external expenditure.
Thus, the average percentage of firms with R&D external ex-
penditure is 18.8% vs. 25.5% with R&D internal expenditure.
However, there are large differences depending on firm size:
very few SMEs carry out R&D, only 12.4% buy external
R&D and only 13.6% carry out internal R&D vs. 58.7% and
89.0% respectively in the case of large firms.

Technological cooperation is represented by means of

dummy variables which represent firm activity in coopera-
tion with suppliers (Csup), with customers (Ccos), with
competitors (Ccom) and with universities and /or technolo-
gy centers (Cins). The change in the number of firms fol-
lowing these different cooperation strategies is shown also
in Figure 2. The option with the highest number of firms is
cooperation with universities and technology centers,
21.1% (Table 1), followed by technological cooperation
with suppliers, 16.4%. Technological cooperation with cus-
tomers comes in at 6.6% and with competitors 1.5%. As is
the case of R&D, technological cooperation is much less
frequent in SMEs (13.8%) than in large firms (56.1%).
Physical resources have been measured through the capi-
tal goods investment ratio with respect to the total assets of
each firm for each year of the period studied. The annual
average investment is 4.9% of the assets (Table 1).

InvEA = capital goods investment

Assets
Firm size was estimated through the total average labor
variable (74AL) and given its high level of variability we
have used logarithms.
Human resources were estimated through labor cost over
sales (LCS). The higher the value for this variable the high-
er the quality of the human resources used by the firm.

LCS = labor costs
sales

Commercial resources are quantified through the propensity to
export of each firm for each year of the period studied; more
specifically, we used the percentage represented by exports in

the total sales of each firm

Fig. 1. Numbers of patents in Spain and abroad.

(PX).The firms in the sample
export an average 11.6% of

Reqistered in Spain

80
|

MNumber of patents
20 40 60

0
|

their total sales (Table 1). A-
gain, differences according
to size are considerable as
41.1% of SME exports vs.
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Table 1 - Summary statistics.
. . Standard
Min Mean Median .
Deviation
PAT 0.00 0.15 0.00 32.00 1.18
exRDS 0.00 0.00 0.00 0.16 0.01
inRDS 0.00 0.00 0.00 0.08 0.00
Csup 0.00 0.16 0.00 1.00 0.37
Ccos 0.00 0.07 0.00 1.00 0.25
Ccom 0.00 0.02 0.00 1.00 0.12
Cins 0.00 0.21 0.00 1.00 0.41
InvEA 0.00 0.05 0.03 0.52 0.07
TAL 3.00 229.90 49.00 5291.00 433.66
LCS 0.70 20.24 15.70 83.10 14.00
PX 0.00 11.55 0.80 100.00 20.57
WCS -2.65 0.14 0.08 14.21 0.45
Debt 0.00 4.49 1.23 1033.82 27.83
PAT (number of patents), exRDS (expenditures on external R&D divided by to-
tal sales), inRDS (expenditures on internal R&D divided by total sales), Csup,
Ccos, Ccom, Cins (technological cooperation with suppliers, customers, compe-
titors and institutions, respectively), InvEA (investment on equipment divided
by total assets), TAL (total average labor), LCS (labor cost to sales), PX (per-
centage of exports over sales), WCS (working capital to sales), Debts (total debts
to total equity).

current assets — short term external funds

squares (OLS), it is better to use a model which takes into
account that the dependent variable has been generated us-
ing a Poisson distribution expressing the probability of an
event occurring in a specified time interval (Greene, 2008).
The specification used to carry out the empirical applica-
tion is the following:
log (PAT,,)

= Po + P1aeXRDS;; + P1ginRDS; + BraCsupir + PopCcosyy + PocCcomy,
+ BapCinsi + PsalnvEA; + Pz log TALyr + B3cLCSie + BapPXic + BaeWCSy

M

The sub-indexidenotes firm (i =, ...,N) and the sub-index
t indicates year (i =1998,...,2008). The coefficients f3, , and
B, 3 correspond to the Hypotheses H1 related to expenditure
inR&D, B, ,,B,; B,-and B, contrast the Hypotheses H2
on technological cooperation, and 3, ,, B, By Bsps By ¥
B« establish the role of other complementary assets (Hy-
pothesis H3).

Poisson regression models assume their mean and their
variance are the same, and in the bulk of practical economet-
rics cases the variance is higher than the mean (overdisper-
sion). This study uses robust overdispersion procedures.
Moreover, the data structure of the panel permits improved re-
sults to be obtained by means of an estimation conditioned to
the effects of each firm (FIRM,) and of each year (YEAR).
Both fixed effects and random
effects models are estimated

+ Bsg.DEBT;, + FIRM; + YEAR,

WCS =
sales
liablilities
DEBT= —
net equity
Fig. 2. Firms with R&D or Technological Cooperation.
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4. Results

A first look at the correla-
tions between PAT and ex-
planatory variables (Table 2)
shows that the bulk of them

T T T T T T T
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Technological Cooperation

are positive except for human
resources and working capital.
There is also a positive corre-

2006 2007 2008

3.3. Econometric model

The variable to explain the number of patents in Spain
and abroad is a count variable which takes non-negative in-
teger values. Therefore, rather than using ordinary least

lation between R&D techno-
logical cooperation variables, the highest value being found
between in RDS and Csup, which reaches 0.673. More gen-
erally, 87.1% of patents are registered by firms which have at
some point carried out some forms of R&D. In terms of tech-
nological cooperation, the percentage is 86.2%. Only 11.7%
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Table 2 - Spearman coefficients of correlation.

PAT exRDS inRDS Csup Ccos Ccom| Cins InvEA TAL | LCS PX WCS Debt

PAT 1.00

exRDS 0.19  1.00

inRDS 0.17 0.54 1.00

Csup 0.18 053  0.67 1.00

Ccos 017 037 042 052 1.00

Ccom 0.11 020 018 024 035 100

Cins 015 052 048 045 037 021 1.00

InvEA 005 005 0.05 0.06 0.04 -003 004 1.00

TAL 011 035 049 045 025 015 039 0.15 1.00

LCS -0.06 -021 -0.16 -0.17 -0.09 -0.04 -022 0.02 -0.28 1.00

PX 009 028 036 029 0.17 0.09 027 -0.02 044 -042 1.00
WCS -0.03 0.02 0.06 004 0.01 006 0.01 -020 -006 0.03 0.04 1.00
Debt 0.02 -0.04 -0.05 -0.06 -0.05 -0.03 -0.05 001 -0.01 -0.08 0.13 -0.50 1.00

ized linear models) shows that the recommended values

Table 3 - Estimates of the quasipoisson fixed effects regressions De-
pendent variable: number of patents.

SMEs
Coefficient SD

Large
Coefficient SD

(Intercept) -1.06  13740.00 -53.20 15330.00
R&D activities
exRDS 69.54 86.39 260.50 65.81  ***
inRDS 54.79 25.28 ** 24.34 18.58
Technological cooperation
Csup -3.24 1.69  * -0.15 0.43
Ccos -0.87 0.96 0.90 047 *
Ccom 1.96 0.74 | *** 1.97 0.80 **
Cins -1.01 0.39  *** 0.03 0.49
Complementary assets
InvEA -3.32 2.29 -4.76 270 *
log(TAL) -4.45 1.20 *** 3.44 1.04 ***
LCS -0.04 0.06 0.17 0.09 | *
PX -0.02 0.03 0.08 0.03 **
WCS 0.54 0.41 1.55 1.51
Debt 0.19 0.07  *** 0.39 0.24

Asterisks indicate significance at 10% (*), 5% (**) and 1% (***)

Table 4 - Estimates of the quasipoisson random effects regressions De-
pendent variable: number of patents.

SMEs Large
Coefficient SD Coefficient | SD
(Int -5.76 3.85 <2395 4.67 ***
R&D activities
exRDS 7.87 79.05 111.50 | 37.89 ***
inRDS 57.18 27.58 ** 5.70 | 15.38
Technological cooperation
Csup -1.59 1.20 0.11] 0.38
Ccos -0.11 1.01 1.14 | 041 ***
Ccom 1.80 093 * 0.61 | 0.61
Cins -0.52 0.45 023 042
Complementary assets
InvEA -0.29 2.77 -3.53| 242
log(TAL) -0.45 0.95 215 0.71 ***
LCS -0.10 0.06 0.04| 0.07
PX 0.01 0.03 0.06 | 0.02 **
WCS 0.17 0.48 1.52| 1.09

Asterisks indicate significance at 10% (*), 5% (**) and 1% (***)

of the patents were registered by firms which had never
joined in R&D or technological cooperation activities. In
spite of this correlation, the multicollinearity analysis of re-
gressors (calculation of variance inflation factors for general-

(Neter et al., 1989) for R&D, technological cooperation and
other complementary assets are not exceeded.

Tables 3 and 4 show the model results (1) estimated by
fixed and random effects quassipoisson regression, respec-
tively.

In relation to Hypothesis H1, both the fixed and random ef-
fects models show that external R&D in large firms and in-
ternal R&D in SMEs are positive and significant, even after
controlling for the intrinsic factors of each firm. These results
seem to be fairly robust and are in line with other studies on
patents (Hallet al., 1986; Cincera, 1997). In the sector studied
here, Gopinath and Vasavada (1999) for a panel of 32 Amer-
ican agri-food industries over the period 1970-1985 conclude
that their results show a positive association between patent-
ing and R&D and they also measure the spillover effects of
R&D of the industry as a whole. Cabral and Traill (2001) in a
sample of 242 Brazilian firms (1994-1996) also found that the
probability of carrying out non-protected innovations is posi-
tively associated with R&D expenditure. However, Batterink
et al. (2006) used 328 Dutch agri-food firms in 2001 but did
not find any relationship with R&D expenditure. For Spanish
agri-food firms, Triguero et al.(2013) show that R&D in-
crease product innovation probability but to a lesser extent
than for other manufacturing industries. The contribution of
this study is the fact that it differentiates external and internal
R&D as well as firm size. This allows us to underscore the
role of internal R&D in the innovation processes of Spanish
agri-food SMEs as opposed to other studies which highlight
the higher level of innovation capacity of the European agri-
food large firms (Huiban and Bouhsina, 1998; Traill and
Muelenber, 2002). Our results are more in line with Alfranca
et al. (2004) who, studying a group of multinational food and
beverage companies, find that the companies which tend to
register the most patents are not the largest ones but rather
those with persistence in innovation.

In terms of technological cooperation, the cooperation with
suppliers hypothesis is rejected (H2A); cooperation with cus-
tomers (H2B) in large firms is accepted; cooperation with
competitors (H2C) is accepted in SMEs (both fixed and ran-
dom effects estimations are positive and significant) and like-
wise in large firms though to a lesser extent. The positive re-
lationship of agri-food patents with cooperation with univer-
sities and technology centers (H2D) is rejected. Although
these types of cooperation are carried out always with the aim
of improving the innovating position of a firm, the results ob-
tained are not always clear, as shown by Batterink er al.
(2006), who examined these four kinds of technological co-
operation and failed to find associations.

Although the propensity to vertical cooperation with sup-
pliers and customers should be higher when exploitation goals
prevail over exploration goals (Santamaria and Surroca,
2010), this study does not show effects as clear on innovation
as those found by Karantininis et al. (2010) in their study of
Danish agri-food industry. But R&D collaborations with cus-
tomers appear to affect positively protected innovations, at
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least for large firms, which seems in accordance with the fact
that the agri-food industry is a consumer-oriented sector.

Horizontal cooperation is more frequent in high-tech sec-
tors (Arranz and Fdez de Arroyabe, 2008); however, the fact
that this study finds a positive effect of cooperation with com-
petitors in agri-food SMEs has great value as it confirms that
public policies (E21, 2010) to favor this kind of action are hav-
ing positive effects.

As to complementary effects, only the (negative) effect of
size (H3B) and the positive relationship with debt (H3E) in
the estimation conditioned to fixed effects are accepted in
SMEs, even though the random effects model does not show
any significant coefficient. In large firms positive relation-
ships with size (H3B) and commercial resources (H3D) are
observed, likewise but to a lesser extent with human resources
(H3C). These results would indicate that large firms have
more access to the commercial and human resources neces-
sary to cope with the risks and costs related to innovation
(Karantininis et al., 2010).These findings could be pointingto
the limited capacity of SME firms to attract qualified workers.
They also give support to the recommendations of interna-
tional organizations (i.e, OECD, 2010)in the sense that gov-
ernmentsshould ensure education for forming human capita-
land labour policies aimed at encouraging innovation.

Contrary to what Rama (1996) found for the period 1969-
1988 on the role played by equipment suppliers in agri-food
industry innovation, this study has not found evidence in that
direction and HypothesisH3A is rejected.Other studies high-
light the importance of this factor in non-protected product in-
novations (Garcia and Burns, 1999) or even for firms results
(Alarcon and Sanchez, 2013) but today capital goods invest-
ment does not seem to be a sufficient condition in itself for a-
gri-food firms to increase their protected innovations.

5. Conclusions

Public and private innovation actions are essential for over-
coming the economic crisis. Innovation involves more than
R&D, and policy makersplay a crucial role by regulating
frameworks, markets, institutions and networks that improve
environment for innovation (OECD, 2010).In this context, the
protection and management of intellectual property is the part
of the innovation which contributes the mostto create value.
This study confirms that R&D activity is the most important and
direct way to register patents in the Spanish agri-food industry.
Estimations show that R&D expenditure bears a clearly positive
and significant relationship to patented innovation. Internal R&D
shows greater effectiveness in SMEs whereas external R&D is
more effective in large firms. Given that a high percentage of
firms (approximately 50%) still fail to carry out R&D activity,
this could be a possibility for many firms to establish competitive
advantages. Arguably, not all firms will have this opportunity giv-
en that R&D activities tend to be costly, but our analysis reveals
that it should not be restricted to large firms: SMEs also register
patents and their internal R&D contributes to patenting.

Relationships between technological cooperation and
patents are not as strong as is the case with R&D. Evidence in

that regard is weaker but still should not be discarded. Results
show the role played by vertical cooperation on the part of
large agri-food firms, which reflects the efforts made to de-
velop new products adapting the technical possibilities of
firms to the needs of consumers. The development of new
products frequently leads to patent registration.

Horizontal integration with competitors has proved to be
positive and significant in SMEs and large firms once other
factors have been controlled for. This type of technological
cooperation, which is the least used by firms but constitutes
nonetheless a way of promoting participation in R&D proj-
ects they would be unable to carry out on their own and ap-
pears as an additional or alternative way of patenting and
gaining competitiveness for firms. Moreover, the main role of
cooperation is not to save on costs, rather its capacity to-
broaden the scale of a project orcomplement firms’ compe-
tencies (OECD, 2010). Consequentlyit enables access to new
ideas and procedures, and in turn contributes to developnew
products or services. Taking into account that technological
cooperation is not frequent within the agri-food industry (see
Table 1), there is much room to promote these activities (part-
nerships, alliances, jointventures, networks, etc.)as a means to
boosta culture of innovation.

The results confirm that universities and technological cen-
ters are underutilized as collaborators, and consequently poli-
cies aimed at promotingthe mobility of researchers between
these institutionsandmanufacturing firms would strengthen
the technological connection between the scientific commu-
nity and the industry (Santamaria and Surroca, 2010). Also
communications campaigns should be launchedto divulgeth-
eir capabilities for technologicaltransfer.On the other hand, as
supported by Garcia Alvarez-Coque ef al. (2013) the innova-
tion in agri-food systems can be improved by providing ac-
cess to training services and technological institutes.

In terms of complementary assets, no influence on propen-
sity for patenting has been found in SMEs, but human and
commercial resources do contribute to patenting in the case of
large firms. Therefore, firm size seems to be an important fac-
tor which encourages businesses to organize their comple-
mentary resources in a more efficient way so that they can be
used in partnership with innovation assets to register patents.

Acknowledgments

The authors express their gratitude for the funding received
from Project AGL2012-39793-C03-010f the Ministerio de E-
conomia y Competitividad of Spain. The first author thanks
Ana Sanchez for her assistance.

References

Alarcon S. and Sanchez M., 2013. External and internal
R&D, capital investment and business performance in the
Spanish agri-food industry. Journal of Agricultural Eco-
nomics, 64(3): 654-675.

Alfranca O., Rama R. and von Tunzelmann N., 2004. In-
novation spells in the multinational agri-food sector. Tech-
novation, 24(8): 599-614.

29



NEW MEDIT N. 3/2014

Arranz N. and Fdez de Arroyabe J. C., 2008. The choice
of partners in R&D cooperation: An empirical analysis of
Spanish firms. Technovation, 28(1), 88-100.

Avermaete T., Viaene J. and Morgan E.J., 2004. Determi-
nants of product and process innovation in small food man-
ufacturing firms. Trends in Food Science & Technology,
15(2004): 474-483.

Batterink M.H., Wubben E.F.M. and Omta S.W.F., 2006.
Factors related to innovative output in the Dutch agrifood
industry. Journal of Chain and Network Science, 6(1): 31-
44.

Baviera-Puig A. Buitrago-Vera J. and Mas-Verdu F.,
2012. Trade areas and knowledge-intensive services: the
case of a technology centre. Management Decision, 50 (8):
1412-1424.

Baviera-Puig A., Roig-Tierno N.,Buitrago-Vera J. and
Mas-Verdu F., 2013. Comparing trade areas of technology
centres using ‘Geographical Information Systems’. The
Service Industries Journal, 33(7-8): 789-801.

Brewin D.G., Monchuk D.C. and Partridge M.D., 2009.
Examining the adoption of product and process innovations
in the Canadian food processing. Canadian Journal of A-
gricultural Economics, 57(1): 1744-7976.

Cabral J.E.O. and Traill W.B., 2001. Determinants of a
firm’s likelihood to innovate and intensity of innovation in
the Brazilian food industry.Journal on Chain and Network
Science, 1(1): 33-48.

Cannarella C. andPiccioni V., 2007. Barriers to innova-
tion in rural enterprises: the strategy of “doing nothing”.
New Medit, 6(4): 54.

Christensen J.F., 1995. Asset profiles for technological in-
novation. Research Policy, 24(5): 727-745.

Cincera M., 1997. Patents, R&D, and technological
spillovers at the firm level: some evidence from economet-
ric count models for panel data. Journal of Applied Econo-
metrics, 12(3): 265-280.

E21, 2010. Spanish innovation strategy. Ministerio de
Ciencia e Innovacién, Gobierno de Espafia. http:/www.idi.
mineco.gob.es/stfls/MICINN/Innovacion/FICHEROS/Spa
nish_Innovation_Strategy.pdf

Garcia M. and J. Burns, 1999. Sources of technological
development in the Spanish food & drink industry. A ‘Sup-
plier-dominated’ industry. Agribusiness, 15(4): 431-448.

Garcia Alvarez-Coque J.M., Lopez-Garcia Usach T. and
Sanchez Garcia M., 2013. Territory and innovation behav-
iour in agri-food firms:does rurality matter? New Medit,
12(3): 2-10

Gopinath, M. and Vasadava, U., 1999. Patents, R&D, and
market structure in the U.S. food processing industr. Journal
of Agricultural and Resource Economics, 24(1): 127-139.

Greene, W., 2008. Econometric Analysis. 7" ed. New Jer-
sey: Prentice Hall.

Hartl J. and Herrmann R., 2006. The role of business ex-
pectations for new product introductions: a panel analysis
for the German food industry. Journal of Food Distribution
Research, 37(2): 12-22.

Hall B., Griliches Z. and Hausman J., 1986. Patents and
R&D: Is there a lag? International Economic Review, 27
(2): 265-283.

Huiban J.P. and Bouhsina Z., 1998. Innovation and the
quality of labour factor: An empirical investigation in the
French food industry. Small Business Economics, 10(4):
389-400.

Karantininis K., Sauer J. and Furtan W.H., 2011. Innova-
tion and integration in the agri-food industry. Food Policy,
35(2): 112-120.

INE, 2012. Encuesta Industrial de Empresas 2011.
http://www.ine.es/prensa/np755.pdf

de Jong J.P.J. and Vermeulen P.A., 2006. Determinants of
product innovations in small firms. A comparison across in-
dustries. International Small Business Journal, 24(6): 587-
609.

Neter J., Wasserman W. and Kutner, M. H. (1989). Ap-
plied linear regression models. Homewood, IL: Irwin.

OECD, 2010. Ministerial Report on the OECD innova-
tion strategy, innovation to strengthen growth and address
global and social challenges - key findings. Paris: OECD.

www.oecd.org/innovation/strategy.

Pavitt K., 1984. Sectoral pattern of technological change:
towards a taxonomy and theory. Research Theory, 13(6):
343-373.

Penrose E. T., 1959. The theory of the growth of the firm.
New York: John Wiley.

Rama R., 1996. Empirical study on sources of innovation
in international food and beverages industry. Agribusiness,
12(2):123-134.

Roder C., Herrmann R. and Connor J. M., 2000. Deter-
minants of new product introductions in the US food in-
dustry: A panel-model approach. Applied Economics Let-
ters, 7(11): 743-748.

Schumpeter J.A., 1934. The theory of economic develop-
ment. Cambridge, MA: Harvard University Press.

Solow R.M., 1957. Technical change and the aggregate
production function. Review of Economics and Statis-
tics, 39(3): 312-20.

Santamaria L. and Surroca J., 2011. Matching the goals
and impacts of R&D collaboration. European Management
Review, 8(2), 95-109.

Teece D.J., 1986. Profiting from technological innova-
tion: Implications for integration, collaboration, licensing
and public policy. Research Policy, 15(6): 285-305.

Traill W.B. and Meulenberg M., 2002. Innovation in the
food industry. Agribusiness, 18(1): 1-21.

Triguero A., Corcoles, D. and Cuerva M. C., 2013. Dif-
ferences in innovation between food and manufacturing
firms: an analysis of persistence.4gribusiness, 29 (3): 273-
292.

Weiss C. R. and Wittkopp A., 2005. Retailer concentra-
tion and product innovation in food manufacturing. Euro-
pean Review of Agricultural Economics, 32(2): 219-244.

Wernerfelt B.,1984. The resource-based view of the firm.
Strategic Management Journal, 5(2): 171-180.

30



