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Abstract

This paper analyses technological collaboration as an input to the innovation
processes of SMEs. Technological collaboration may be a useful mechanism to
offset some of the weaknesses in SMES’ resource endowments and bring their
innovation capabilities closer to that of their large counterparts. The results, based
on a large longitudinal sample of Spanish manufacturing firms, show that
technological collaboration is a critical factor in improving the capabilities and
innovativeness of SMEs. While a general bridging of the gap between the
innovativeness of SMEs and large firms was observed, the most significant advance
was in product rather than process innovations.
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1. Introduction

Most current economies are largely composed of Isamal medium-sized enterprises
(SMESs). In European Union, for instance, SMEs make99% of industry and
account for more than 70% of employnferitheir innovative capability is a key
driver of sustainable competitive advantage in y&leapidly changing markets. This
situation has fuelled growing concern among marsaged policy makers and has led
to a strong commitment to use policy initiativesstgoport innovation within SMEs

(Hoffman et al., 1998; Jones and Tilley, 2003).

This concern is also apparent in academic cirtteie economics of innovation and
technological change literature, the relationshgtwieen firm size and innovation
activity has received a good deal of attention Seken, 1995; for an overview). The
Schumpeterian debate over which firms — large aallsmare more able and more
likely to innovate is one of the oldest in polifieonomics (Harrison, 1994), and has
lost none of its relevance for today’s world. Numes studies have attempted to help
boost the innovative capacity of smaller firms loyirtg to explain differences in
innovation activity and pin down the key succestdes (Acs and Audretsch, 1988a,
b, 1990; Kleinknecht and Reijnen, 1991; Nootebo®f894; Rothwell and Dodgson,
1994; Bougrain and Haudeville, 2002; Narula, 2084witt-Dundas, 2006; among

many others).

In general we can argue that SMEs have behavi@adhehntages over large firms,

which in turn have material advantages over SMEsth{®ell, 1989; Rothwell and



Dodgson, 1994). SMEs, however, tend to be lessvaitnege than large firms and to
dedicate less resources to the acquisition of eatetechnologies (Bougrain and
Haudeville, 2002). This is clearly the case in 8p#ém our representative sample of
Spanish SMEs only 36% claim to have introduced wations compared to 65% of

the large firms.

Despite the increasing attention being given to rifle of SMEs and innovation,
however, this is still an area that is under-resezal (Edwards et al., 2005; O’Regan
et al.,, 2006). Many of the weaknesses of small finwhen innovating can still be
observed and many questions remain unansweredrelBaarch of Hewitt-Dundas
(2006) took up this issue and examined the reseuarel capabilities that firms
perceive to be constraining their innovation atyiviOne of the most conclusive
findings of this research was that the lack of ek partners was an important
barrier to undertaking product innovation for snfaths — this is a major difference
between small and large firms. Although there seagch that stresses the role of
strategic alliances and collaboration as altereatito undertaking innovation
activities (Love and Roper, 1999; Rogers, 2004;t0Nend Santamaria, 2007), we
need to delve more deeply into the specific roé thnovation networking plays as a
possible determining factor in developing the inatmn capacity of SMEs (Edwards

et al., 2005).

This study sets out to discover if collaboratiorpedfically technological
collaboration, enables SMEs to overcome their [Edalesources and capabilities, and
thus boost their innovativeness. We consider thallsfirms have weaknesses that

put them at a disadvantage compared to large ohegs w comes to innovation and

! Based on data from the “Informe 2003/7 del Obgeriade la PYME Europea” elaborated by



that collaboration can go some way to levelling piaying field. We shall then
proceed to analyse the potential effect of collabon on innovation outcomes (in
terms of process and product), and lastly go aeveal if innovation networking can

close the gap between SMEs and large firms.

In the next section we place our research in timest of the classic debate over firm
size and innovation, paying particular attentionth@ innovation strengths and
weaknesses of SMEs. After this we review the engstiterature on technological
collaboration, innovation and firm size. In the ts@mt on methodology we describe
the data, variables and statistical techniques .ugésl then go on to analyse our

results. The final section contains a discussiohefesults and our conclusions.

2. Conceptual Foundations

2.1. Innovation strengths and weaknesses of SMEs

The large body of theoretical and empirical reseasn firm size and innovation
reveals the interest there is in this relationgbge, for example: Acs and Audrestch,
1988a, b, 1990; Cohen, 1995). The contradictoryreatf both the conceptual and
empirical findings, however, does not provide clgardance on what to expect in
general (Stock et al., 2002: pp. 541). Althoughas not been possible to establish a
strong relationship between firm size and innovaper se some empirical research
has suggested that small and large firms haverdiffedeterminants of innovation

efforts (Van Dijk et al., 1997; Rogers, 2004) ara ribt pursue the same types of

Direccién General de la Pyme (Spanish Governmegirths with fewer than 200 employees are
classified as SMEs.



innovation (Nooteboom, 1994; Vossen, 1999; Cohahkepper, 1996; Fritsch and

Meschede, 2001).

These differences in innovation activity and inrntawa results can be explained by
the various advantages traditionally ascribed tgeaand small firms. The main
relative strengths of SMEs lie in behavioural adagas, while those of large firms
reside in their resource advantages (Rothwell, 1888hwell and Dogson, 1994).
Smaller firms generally enjoy internal conditiohsitt encourage innovativeness, such
as entrepreneurship, flexibility and rapid respof@shumpeter, 1942; Penrose, 1959;
Lewin and Massini, 2003). Shorter and more infortims of communication allow
SMEs to take decisions more quickly than large gir(Mooteboom, 1994; Narula
2004). Small firms may also find it easier to atjesmployee incentives to provide
optimal innovative effort thanks to their advantage resolving agency problems
(Holmstrom, 1989; Zenger, 1994). In addition, theseness of SMEs to the market

makes them faster at recognising opportunities éRn004).

On the other hand, the relative weaknesses of dimal compared to large ones lie
in the constraints they face on gaining accessitical resources and capabilities for
innovation (Hewitt-Dundas, 2006). The advantagesaafie and scope provided by
the size of large firms make them better equipmedrfnovations that require large
and specialised teams or sophisticated equipmestigf€ and Klepper, 1992). When
licensing methods are not available, then, largedihave a greater incentive to
pursue all types of innovation (especially processvation), as their higher sales
volumes allow them to spread the fixed costs obuation over a larger sales base

(Cohen and Klepper, 1996).



Large firms, in addition to their advantages oflescnd scope, are more likely to
possess the experience and financial resourcesreddior capability development
than small firms (Woo and Cooper, 1981). StudieSMIE growth and innovation
consistently stress that a lack of finance is tlestmmportant constraint on innovation
(Vossen, 1998). Therefore, because of their lackinancial resources, SMEs are
often disadvantaged in their ability to gather teslbgical resources (Bougrain and

Haudeville, 2002).

SMEs are also usually at a disadvantage when itesoim intangible resources, as
they have access to a smaller range of knowleddéhaman capital skills than large
firms (Rogers, 2004). While it is true that SMEsynee more efficient at retaining

and motivating specialists through performance{ogent contracts (Zenger, 1994),
they face greater problems to recruit highly sKilaff (Barber et al., 1989) and tend

to invest less in on-going employee training thengér firms (Brown et al., 1990).

In summary, then, one would expect SMEs to faceenconstraints on their resource
endowments and — despite their behavioural advastag more obstacles to
innovation than large firms. SMEs, however, havderahtives to internal
development that may enable them to bridge theuresogap that exists with large
firms. Searching for complementary resources oetsiithe firm through network
relationships can be an efficient way to build epaurce endowments (Choudhury

and Xia, 1999Gulati et al., 2000).

2.2. Improving innovation capabilities through technological collaboration
According to Duysters et al. (1999), alliances haki#ted from being regarded as a
peripheral aspect to a cornerstone of the firnchnelogical strategy. In fact, over the

last two decades there has been a tremendoussedrethe use of external networks



by firms of all sizes (Hagedoorn, 1996, 2002). Thesiefulness has been examined in
various studies that have includeétworkingto capture a contextual determinant of
innovation. Becheikh et al. (2006) found that md$¢s including a variable to capture
this networking effeét the relationship between innovation outcomes retsivorks
(or external interactions with customers, suppliersversities, research centres and
other actors of a firm’s environment) was eithesipee or insignificant, but never

negative.

A possible explanation for this increase, apanmnftbie declining costs of monitoring
and exploiting networks, is the growing need form8 to possess multiple
technological competences (Granstrand et al., 19B¥)this way, technological
collaboration is seen as a strategic mechanism cluewe several objectives
(Cassiman, 1999; Hagedoorn et al., 2000; Bayonal.et2001; Caloghirou et al.,
2003; among others): 1) to increase the technadgapabilities of the firm; 2) to
gain access to new markets and to exploit new basimpportunities; 3) to have

access to public fundingnd 4) to complete the innovation process.

Regarding small firms, external networks specificalreate unique benefits and
challenges, as a growing number of studies sudgestell et al., 1996; Zahra et al.,
2000; Sarkar et al., 2001). Most recently, HewittnBas (2006) found that while a
lack of partners for innovation had a negative iotgan the ability of small firms to
undertake innovation, it did not have a significaitect on the probability of
innovating in larger firms. Her resource-basedrprietation of this finding is that the

external resources and capabilities that small sfircan access through external

2 In their survey of empirical research on innovatimm 1993 to 2003.



innovation partnerships may provide them with thienglus and capability to

innovate that they would not otherwise have.

SMEs, then, have to use alliances astutely to oweecbarriers to growth imposed by
absolute limits to resources (Ahern, 1993; van [@fkal., 1997). Networks allow
SMEs to receive and decode flows of information.eyhreinforce SMES’

competitiveness by enabling them to access new letlge, sources of technical
assistance, expertise, sophisticated technologynaaudket requirements; they also
strategically reduce the irreversibility costs bé tinnovation process (Bougrain and

Houdeville, 2002; Freel, 2005).

Rogers (2004) points out that SMEs may rely moravite on external knowledge

networks as an input to innovation than do largasi Given that small firms seem to
have potentially more to gain from innovative parghips than larger firms, the very
success of SMEs vis-a-vis their larger competitoesy be due to their ability to use

external networks more efficiently (Nooteboom, 19R4thwell and Dodgson, 1994).

Based on the preceding discussion, we concludaghhhological collaboration may
be a good way of strengthening and complementiegrésource endowments and
capabilities of SMEs and of improving their inndvaness. In the following sections
we shall empirically examine how collaboration ergy with other factors — helps to

bridge the innovation gap between SMEs and largesfi



3. Methodology

3.1 Sample and Data

The source for our empirical analysis is tBpanish Business Strategies Survey
(SBS$ This is a firm-level longitudinal survey comgldy the Spanish Ministry of
Science and Technology and the Public Enterprisenéation(Fundacién Empresa
Pudblica - FUNEP) from 1991 to 2002. Th&BSScovers a wide range of Spanish
manufacturing firms operating in all industry sesto approximately 1,800
observations are available for each year. The sanmplrepresentative of the
population of Spanish manufacturing firms; it imadam and stratified according to
firm size and industry sector (for more information the sample see Huergo and
Jaumandreu, 2004). The 1998 survey was the firggite information on firms
engaged in technological collaboration, includiragtper specifications (i.e., type of
partners). Consequently, our study is based onfdathe period from 1998 to 2002.
Our final sample contains 6,500 observations frgB9Q firms that have remained in

the survey during the five-year period.

3.2 Model specification

We have taken the difficulties SMEs face to obthi@ same innovation outputs as
their larger counterparts as our starting pointsfpeecify the different models.

Furthermore, technological collaboration — alonghwnternal resources — is a key
input to firms’ innovation processes. Therefore, specified two series of models to
measure the impact of collaboration as an inputriovation processes on SMEs and

large firms:



(1) The first series of models examine the relationgiepveen SMEs and innovation
outputs, in terms of process and product innovatiofhis relationship is
analysed first by considering the category of SMid ¢hen by introducing the
interaction effect between being a SME and to bgaged in technological
agreements. These models will enable us to recedms being a SME affects
the probability of innovating, and if tha priori negative effect varies among the

firms that collaborated.

Model 1A:

Innovation= S, + 5, (BMEs+ g, [Int _resources- S, Ondustry+ &

Model 1B:

Innovation= S, + B, [BMEs+ 5, (BME< Collaboraion + £, lnt _resources £, (ndustry+ ¢

(2) The second series of models look at how technadgiallaboration acts as an
input to improving the innovation capacity of thenf. In this case, different
models will be specified for a sub-sample of SMEBg a sub-sample of large

firms.

Model 2A (Sub sample of SMES):

Innovativ@ess_improvemen= S, + S, [Collaboraton+ S, [Int _resources- S, [Industry+ &

Model 2B (Sub sample of large firms):

Innovativeess_improvemen= S, + S, [Collaboraton+ S, [nt _resources- S, [Industry+ &

Dependent variables:

We considered innovation output indicators to eatenthe first series of models.

These were measured using two variables:

(1) Product Innovation (PRODUCT-INNTYhis is a dichotomous variable that takes
the value 1 when the firm declares at least ondyminnovation in the survey
year; otherwise its value is 0. A firm was consatkto have achieved a product
innovation if it replied positively to at least omé the following items: i) the
product incorporated new functions; ii) the prodine@d a new design and

10



appearance; iii) the product incorporated new nedteand/or iv) the product

incorporated new components.

(2) Process Innovation (PROCESS-INNhis is a dichotomous variable that takes
the value 1 if the firm has achieved at least ammegss innovation in the survey
year; otherwise its value is 0. A firm was consatketo have achieved process
innovations when: i) new machinery had been intoed ii) new methods of

organising production had been introduced; obia)h of the above occurred.

To estimate the second series of models we hadrstruct an indicator that captured
some type of improvement in innovation capacityisTimprovement was measured

via two variables (see the Appendix for a detadedcription of their construction):

(1) Improvement in product innovation capabil{tiyPROV-PD).It is a dichotomous
variable that takes the value 1 when the firmprove$ going from being a non-
innovating firm in t-1 to an innovating one in t.also takes the value 1 when the
firm ‘keepsits condition of innovating firm. It takes val@eif the firm’s situation
has not changed and it continues to have no pradnotations in year t. It also
takes the value 0 when the firrgets worségoing from being an innovating firm

in t-1 to a non-innovating one in t.

(2) Improvement in process innovation capabiliiylPROV-PC).This dichotomous
variable is constructed in the same way than ptesvane, but considering process

innovations instead of product innovations.

I ndependent and control variables

Given the objectives of our research, we tried wasure the potential innovative
behaviour of SMEs, especially how this behaviours vedfected by technological
collaboration. To do this, we sorted the firms IBesusing a dichotomous variable
(SME that takes value 1 when the firm has fewer that @nployees, and value 0O if

there are 200 employees or more.

11



To take account of technological collaboration, wenstructed a dichotomous
variable that indicates whether firms have collalbed technologically with other
firms or research organisatiorS@QLLABORATION This is included in the models

as a lagged variable.

We also included a series of variables to measweditm-level characteristics related
to resource endowments: technological resourcesnéial resources, ownership,
commercial resources, organisational resources watdtive scale. These are

important as they may have an effect on innovatgsn

Technological resourcesTo accurately measure the effect that technolbgica
collaboration has on innovativeness (and the imgmant in innovation capabilities),
we needed to take into account firms’ internal uweses, particularly their
technological resources. For this reason we coctstaiua variable for R&D intensity,
measured as the ratio of R&D expenditure to taldsR&D). This is included in the

models as a lagged variable.

Financial resources Following Galende and Suarez (1999), we captuneds’
financial autonomy and resources by introducing lthel of debt — calculated by

taking the ratio of Total Debts to Total LiabiliflyEVERAGE.

Ownership Numerous studies have recognised the effect afeoship structure on
innovation, capturing its influence by focusingforeign ownership (see Becheikh et
al., 2006). For this reason we included the pesgmntof foreign equity in a firm’s

capital FOREIGN.

Commercial resourcesA good indicator of reputation and commercialihates is

the possibility that the firm exports part of iteoguction to other markets (Galende

12



and Suarez, 1999). Therefore, we used export ityengalculated as the ratio of the

firm’s sales in foreign markets to total salEXPORT.

Organisational resourcesThe age of the firm is a possible measure of its
organisational resourceAGE). It is a variable commonly used to measure the
experience and the learning of the firms in emplrgtudies of innovation (Kumar

and Saqib, 1996).

Relative scaleIn addition to classifying firms as SMEs or larfians based on
number of employees, we felt that it was prudenhttude sales figuresSSALES to
control for the relative scale of their activiti®e also included these figures squared

to capture possible non-linear effects of the \deid@SALESY.

Industry characteristicsindustry effects are critical control variables fnnovation.
Because of size, firms can be more or less proceictepending on the industrial
sector they are operating in (Nooteboom, 1994; Awed Audrestsch, 1988b); the
knowledge requirements will also vary from sectrsector (Rothwell, 1991). The
classification proposed by Pavitt (1984) makesggible to capture the impact of the
industrial sector as well as the purely technolalgieffects. This classification
includes four dummy variables: 1) supplier-domidasectors $UPPLIER; 2) scale-
intensive sectorsSCALB; 3) sectors with specialised supplieB*ECIALISED; and

4) science-based secto8JIENCEH.

Lastly, year dummy variables were included in thedeis YEAR. Table | contains
the descriptive statistics and correlations of ith#ependent and control variables

used in this study.

[Table | about here]
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3.3 Estimation techniques and data analysis

First, we performed a series of Tests of differelpeveen means; the results of these
Tests are presented in Table II. The results rebdlsmall firms are much less likely
to collaborate than large ones: less than one butve small firms decides to
collaborate, compared to almost three out of fangd firms. Significant differences
in the measures of innovation outcomes can alsolserved in both process and

product innovations.

[Table 1l about here]

The differences in these variables for the sub-$arap collaborating firms are far
smaller for the two measures of innovation outcomdact, for product innovations
they are not significant. The percentages of intingdirms, both for the full sample

and the sub-sample of collaborating firms, areqme=d in Figure I.

[Figure | about here]

To test the robustness of these differences betv@Mis and large firms, and
observe the effect of collaboration on both typédirmn, we specified a series of
models. As we have already mentioned, the firsesef models analyse the impact
of collaboration on different types of innovatiopr¢duct and process), while the
second series of models explore the effect of boHation on improvement in
innovativeness. As our dependent variables areotbamous, estimation models such
as logit or probit (Aldrich and Nelson, 1984; Greene, 2000) would redhynbe
appropriate. Given that product and process innovatmay be related to each other
(Martinez-Ros, 2000; Fristch and Meschede, 200&)etror terms of the two models

are likely to be correlated. Thus, an extensiorprbit known asbivariate probit

14



(Greene, 2000) is usually a more appropriate estimdahebivariate probitmodel
has the following specification (Breen, 1996):

Zy= B %t & Ya=18i2,>0, ¥,=0siz,<0

Zy, =B %,t&, Vi, =1s812,>0, ¥,=0siz,<0

(€1,€2) ~N(0,0,1,10)

This model produces estimates of the coefficienttors £, and 5 for the two
equations, ofo (the correlation between the error teraijsof the equations), and of
the standard errors for these parameters. We @mtést if the correlation between
the equations is statistically significant and decivhether théivariate estimator is
the most appropriate modelThe bivariate probit model was estimated using the

Stata 8 routine, based on the method of simulatdmum likelihood.

4. Empirical findings

Table Il gives the results of the models measutirgimpact of a series of variables
on the likelihood of process and product innovationhhe Wald test indicates high
joint significance of the variables for both modelghe p parameter is highly

significant in both models, signalling that theocerstructures of the equations are
correlated. This suggests that product and prdoessation are not independent and

thebivariate model is the correct specification.

The models corroborate the results of the Testdiftdrence between means. The

negative effect that being a small firm has onlitkedihood of achieving both types of

% If the correlation is not significant, separateifariate probit estimation of the equations is
preferable abivariate probitis less efficient than estimating separate modéisn the error terms are
not correlated (Greene, 2000: 853-4).
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innovations (Model 1A) is substantially reduced fimms that are engaged in
technological collaboration (Model 1B). For procéssovations the negative effect
drops from -0.565 to -0.212 (considering the jaffect between the variableME

and its interaction with technological agreeme®SIE*COLLABORATION while

maintaining the significance of the parameterghbncase of product innovations the
effect is greater, changing from -0.507 to +0.0%%us, in the case of product
innovations, we observe a change in the trend oESMue to the impact of

technological collaborations.

[Table 11l about here]

The impact of R&D intensity on both types of inntwas is positive and significant
for both models. It is, however, less pronouncedh@model where the collaboration
effect is included. This may support the idea firats that collaborate use this type
of technological arrangement to complete their ues® endowments. This variable is
also more important for product rather than progessvations, which seems logical

given the nature of both types of innovations.

The variables controlling for size indicate thatsttactor has a positive and
significant, though not linear, effect. Environmantactors, such as the industrial
sector a firm operates in, also affect the prolighdf achieving process and product

innovations.

Age, level of debt and foreign ownership are ndevant variables in the analysis.
Export intensity, though, exerts a positive anchigant impact. As was the case
with R&D intensity, however, its effect is weakem ahe model where the

collaboration effect is considered.
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The models in Table IV are designed to analyseirtipgact of collaboration on the
likelihood of developing innovation capacity fortbaSMEs (Model 2A) and large
firms (Model 2B). Thebiprobit models specify if the improvement in innovation
capacity corresponds to process or product innowsatiAs in the previous models,
the Wald test indicates high joint significancetlod variables for both models. Tipe
parameter is highly significant in both models nsilling that the error structures of
the equations are correlated. Once again, thisestigghat théivariate model is the

correct specification.

[Table 1V about here]

We observe a positive effect of collaboration ore tikelihood of improving
innovation capacity — for product and process imtions — both for SMEs than for
large firms. For process innovations the effectafaboration is slightly greater in
large firms (0.606 versus 0.506). However, thig@fis superior for SMEs in the case
of product innovations (0.816 versus 0.645). Thigvidence of the greater benefit
that SMEs obtain from technological collaboratidh.also helps to explain our
preliminary results, which revealed a narrowinghe gap between average levels of
innovativeness for SMEs and large firms, especiallythe case of product

innovations.

Apart from collaboration, another important varalh these models that demands
attention is R&D intensity. The R&D variable showsat internal technological
resources, along with collaboration, are vital itgpfor the innovation processes of
SMEs. Higher investment in R&D increases the liketid of developing innovation

capability for process and particularly productanations.

17



We did not find a relevant effect on the likelihoamd improving innovation
capabilities for the rest of the variables relatedirm-level characteristics (with the
exception of export intensity on product innovaticand sales on SMEs innovation

capability) and contextual controls (industry amérydummies).

5. Discussion and conclusions

The classic Schumpeterian debate over firm sizeiramavation undoubtedly reflects
a complex relationship that may be influenced byesa factors (Becheikh et al.,
2006). There is, in fact, a large body of work tredcribes advantages and
disadvantages to size and suggests that SMEs y&dfians differ in their innovative
behaviour and outcomes (Nooteboom, 1994; Coherkéamper, 1996; Rogers, 2004;
among others). SMEs may enjoy some behavioural rddgas, but certainly face
weaknesses in regard to large firms’ material athges (Rothwell and Dodgson,
1994). Hewitt-Dundas (2006) took this line when glmented out that small firms’
disadvantages can be put down to certain constréiait block access to resources
and basic capabilities for innovation. The samehautwent further when she
highlighted the absence of external partners asobrtee key factors to explain the
poor innovative performance of small firms compatedarge firms. With this in
mind, this paper aims to contribute to the literaton the relationship of
innovativeness and firm size and our understandin@MES’ innovation processes.
The paper specifically analyses how collaboratiots @as an input to the innovation
process and allows SMEs to bridge the gap in intiemess with their larger

counterparts.
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Using a firm-level longitudinal survey for the padli from 1998 to 2002, we have
observed that technological collaboration does eddeontribute to improving the
innovativeness of SMEs compared to that of largadi These findings are in line
with those obtained by Feldman (1994) for the U8 &wdretsch and Vivarelli
(1996) for Italy; both studies showed how extertethnological infrastructure
appears to benefit the innovative activity of snfiaths more than that of larger firms.
The central idea in both studies is that small irtend to benefit more from
spillovers from research undertaken in their localiversity laboratories. The
peripheral effect of these spillovers is not soiglee for large firms as they have
more capabilities and internal resources. In thmeesway, our research confirms that
collaboration is a critical input for the innovatiprocesses of SMEs, one that enables

them to get closer to the levels of innovativer@ddheir larger counterparts.

This result was observed for both product and m®aenovations. We should point
out, however, that the narrowing of the gap betw8btEs and large firms is more
significant for product innovations (see Figure Mne possible explanation for the
different impact of collaboration on product an@gess innovations can be found in
research by Cohen and Klepper (1996) and Fritsch Maschede (2001). These
papers show that SMEs are more oriented towardduptdhan process innovations.
As process innovations are less saleable than praglovations, large firms receive
scale benefits because of the indivisibility of theovation activities: a larger volume
of sales implies that the fixed costs of innovatcam be spread over a larger sales
base. In addition, licensing methods are not abklar are less effective for process
innovations (Roger, 2004). Although collaboratioglgs to bring SMEs’ levels of

innovativeness closer to those of large firms, thiéns not surprising that the

19



difference continues to be larger for process imtions, which are inherently less

attractive for SMEs (Hoffman et al., 1998).

[Figure Il about here]

These findings are reinforced by the effect thdlaboration has on improving the
innovation capabilities of SMEs. We have found ewick of how collaboration
contributes highly significantly to changing theatsts of non-innovating SMEs,
helping to turn them into innovating firms. Even nmowe have observed how this
effect is greater than that of the large firms wo$ting innovation capabilities,

especially in product innovations.

This paper does not aim to present a new modehmdvation. Our research has
contributed empirical evidence in line with Mytekkg1991) finding that a firm’'s

competitiveness may in fact be determined moradgxiternal network than its size.
Indeed, our main finding shows how technologicdlatmration can boost SMES’
capabilities and innovativeness, tempering the n@telisadvantages linked to

smaller size thaa priori existed in comparison with larger firms.

We have seen, however, that SMEs are less liketpftaborate than large firms. One
possible explanation, as other studies have poiowtl may lie in the greater
difficulty that SMEs seem to have reaching techgmal agreements. Rothwell
(1991) showed how SMEs may be at a disadvantadeth&tr counterparts when it
comes to setting up lines of communication witheexal sources of scientific and
technological experience. Narula (2004) also fothrat SMEs tend to prefer to use

outsourcing rather than alliances. This may be lmza@f the high risks and costs of
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managing an alliance along with their understarelakriness about choosing a

partner, as there may be fewer opportunities ttfyeac bad choice.

Given the benefits that collaboration brings indgmg the gap between SMEs and
large firms, future research should try to undexsttne problems and reluctance of
SMEs to become involved in technological collabiorsg. And once this has been
resolved, the effectiveness of the varying mechmasisind policies to strengthen
technological collaboration and boost the competitess and innovativeness of

SMEs should be analysed from an institutional amgagerial point of view.
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Means, Standard Deviations, and Correlations of thendependent and control variables

TABLE |

Mean St. Dev. 1 2 3 4 5 6 7 8 9 10 11 12
1. SME 0.714 0.451
2. COLLABORATION  0.337 0.472 -0.48
3. R&D 0.007 0.024 -0.17 0.34
4. LEVERAGE 0.561 0.226 0.07 -0.08 -0.01
5. FOREIGN 18.72 37.711 -041 0.28 0.05 -0.04
6. EXPORT 0.198 0.264 -0.38 036 0.17 -0.05 0.33
7. AGE 25.21 20935 032 0.21 010 -0.18 0.20 0.11
8. SALES 9.34E+06 4.17E+07 -0.31 0.18 0.06 -0.01 0.25 0.14100
9. SALES2 1.83E+15 2.80E+16 -0.10 0.05 0.01 0.01 0.12 0.09010.0.89
10. SUPPLIER 0.294 0.455 0.14 -0.18 -0.09 0.06 -0.19 -0.13 -0.68.09 -0.04
11. SCALE 0.424 0.494 -0.10 0.02 -0.05 -0.05 0.02 0.02 0.03100 0.06 -0.55
12. SPECIALISED 0.152 0.358 001 012 0.13 0.02 0.08 0.09 -0.0102-0.-0.02 -0.27 -0.36
13. SCIENCE 0.13 0.336 -0.04 0.09 0.07 -0.03 0.03 0.03 0.06 10.00.010 -0.25 -0.33 -0.16
N =6 500
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TABLE I
Technological collaboration and Innovation results

Percentage of firms Total Sample (6500 observations) Collaborative$i(2181 observations)
TOTAL SMEs LARGE Differencé TOTAL SMEs LARGE Difference
Technological Collaboration 33.5 18.9 70.1 -51.2 ***
Product Innovation 24.6 18 41.2 -23.2 *** 48.2 47.5 48.7 1.2 (n.s.)
Process Innovation 34.9 27.1 54.4 -21(.2 *** 57 47.9 63.1 -15.2 ***

& Student’s t-test on the difference between me#nslenote samples are significantly different het0.01 level
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TABLE Il
Bivariate Probit Analysis: Innovation results, Sizeand Technological

collaboration

Model 1A Model 1B
PRODUCT- PROCESS- PRODUCT- PROCESS-
INN INN INN INN
I ndependent variables
SME -0.507*** -0.565*** -0.852*** -0.752%**
(-8.94) (-10.41) (-13.63) (-12.99)
SME*COLLABORATION 0.909*** 0.540%***
(14.63) (9.25)
R&D 7.668*** 4.846*** 4.947*** 3.129%**
(4.62) (3.76) (4.29) (3.04)
LEVERAGE -0.132 0.093 -0.077 0.129
(-1.47) (2.11) (-0.83) (1.53)
FOREIGN -0.001 -0.001 -0.001** -0.001*
(-1.32) (-1.18) (-2.09) (-1.70)
EXPORT 0.473*** 0.362*** 0.266*** 0.230***
(5.78) (4.67) (3.12) (2.93)
AGE 0.001 -0.001 0.001 -0.001*
(1.14) (-1.42) (0.79) (-1.95)
Control variables
SALES 0.338*** 0.329%** 0.314%** 0.313**
(2.81) (2.61) (2.68) (2.53)
SALES2 -0.490%** -0.293* -0.448** -0.265
(-2.68) (-1.76) (-2.53) (-1.62)
SCALE -0.126** 0.126*** -0.157*** 0.113**
(-2.53) (2.74) (-3.06) (2.43)
SPECIALISED 0.215%** 0.042 0.126** -0.011
(3.30) (0.69) (1.97) (-0.18)
SCIENCE 0.168** 0.209*** 0.124* 0.181***
(2.44) (3.29) (1.77) (2.82)
I ntercept -0.604*** -0.381*** -0.416*** -0.267***
(-6.24) (-4.07) (-4.19) (-2.83)
LROY:p =0 278.724*** 237.359***
Wald test of full modely? 707.66*** 1037.08***
Log pseudo-likelihood -5431.07 -5301.67

Unstandardized regression coefficients are showelnugt standard errors). T-values are between
parentheses. Time controls are included in bothatsod
*p <0.10; ** p <0.05; ** p <0.01.
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TABLE IV
Bivariate Probit Analysis: Improvement of innovativeness, Size and

Technological collaboration

Model 2A Model 2B
(SMEs) (Large firms)

IMPROV-PD IMPROV-PC IMPROV-PD IMPROV-PC

I ndependent variables

COLLABORATION 0.816%** 0.506%** 0.645%+* 0.606***
(10.96) (7.80) (8.02) (7.82)
R&D 6.283%+* 3.586% 2.215%* 1.479
(2.69) (2.28) (2.01) (1.23)
LEVERAGE -0.091 0.163 0.136 0.086
(-0.78) (1.63) (0.81) (0.52)
FOREIGN -0.002% -0.001 -0.001 -0.001**
(-2.34) (-0.20) (-1.47) (-2.63)
EXPORT 0.492%* 0.086 -0.304** 0.163
(4.12) (0.80) (-2.35) (1.25)
AGE -0.001 -0.004%+ -0.001 -0.001
(-0.26) (-2.66) (-0.69) (-0.75)

Control variables

SALES 6.521** 7.464%** 0.112 0.256**
(2.29) (2.98) (0.96) (2.07)
SALES2 -101.480 -252.686 -0.184 -0.165
(-0.58) (-1.60) (-1.10) (-1.02)
SCALE -0.243*** 0.138** -0.052 -0.034
(-3.81) (2.52) (-0.56) (-0.38)
SPECIALISED 0.081 -0.108 0.185 0.046
(1.05) (-1.45) (1.52) (0.38)
SCIENCE 0.098 0.189** 0.044 -0.043
(1.11) (2.45) (0.36) (-0.35)
| ntercept -1.289*** -1.054*** -0.727*** -0.483***
(-12.86) (-11.36) (-4.52) (-3.02)
LROY:p =0 100.719*** 117.213**
Wald test of full modely? 566.73*** 180.72%**
Log pseudo-likelihood -3387.81 -1822.511

Unstandardized regression coefficients are showolvugt standard errors). T-values are between
parentheses. Time controls are included in bothetsod
*p <0.10; * p < 0.05; ** p < 0.01.
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FIGURE |
Technological collaboration and innovation resultdy size
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FIGURE Il

Evolution of innovation gap and the effect of techalogical collaboration
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APPENDIX

Construction of the variable “I mprovement in innovativeness’

This dichotomous variable takes value 1 when the fikeep$ its condition of

innovating firm or whenimproves, going from being a non-innovating firm in t-1 to

an innovating one in t. It takes value 0 when tha has a passivé behaviour and it

continues to have no innovations or when gets worsé going from being an

innovating firm in t-1 to a non-innovating firm in In the next table we show its

construction:
I nnovative behaviour of the firm: I mprovement in innovativeness
1998 | 1999| 2000 2001 200p 1999 20p0 2001  2p02
Firm 1 1 1 1 1 1 1 1 1 1
Firm 2 0 1 1 0 1 1 1 0 1
Firm 3 1 0 0 1 0 0 0 1 0
Firm 4 1 1 0 1 1 1 0 1 1
Firm 5 0 0 1 0 1 0 1 0 1
Descriptive of this variable in our sample:
All type of firms
Improvement in product innovation Improvatria process innovation
Full Sample Full sample
Improve Stable Passive Get Improve Stable Passive Get
worse worse
379 874 3502 445 515 1229 2798 658
Collaborative firms Collaborative firms
211 | 624 | 702 | 200 209 | 760 | 521 | 247
Largefirms
Improvement in product innovation Improvatria process innovation
Full Sample Full sample
Improve Stable Passive Get Improve Stable Passive Get
worse worse
164 443 694 182 165 622 488 208
Collaborative firms Collaborative firms
127 | 375 | 401 | 135 108 | 521 | 255 | 154
SMEs
Improvement in product innovation Improvatria process innovation
Full Sample Full sample
Improve Stable Passive Get Improve Stable Passive Get
worse worse
215 431 2808 263 350 607 2310 450
Collaborative firms Collaborative firms
62 | 248 | 309 | 96 77 | 232 | 289 | 117
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