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Abstract:

This paper explores the triangle of relationshiggoag product, process and organizational
innovation, examining the complementarities andsstiies between these forms of innovation.
Drawing from a large pooled sample of French andridufacturing firms, it investigates if firms
can find a beneficial interplay between forms afiamation. A first analysis through a trivariate
probit and a multinomial logit shows that the deteants of the different forms of innovation are
not identical and the correlation of residualsha trivariate probit displays national differendes

the complementarities in use. The results of tetstef the complementarities in performance show
that the efficient strategies of innovation combioas are not the same for all the firms. They
depend on the national context as well as on thedize and the firm capabilities, and give créalit
the contingency hypothesis rather than to the naigee of a unique best strategy. The main
combinations are the “technological strategy” (jucepbrocess innovations) and the “structure
oriented strategy” (organization-product), and onaase the combination of the three strategies at
the same time, which is presumably too costly @iodit.
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1. Introduction

This paper explores the relationship between pryguwocess and organizational innovation
in order to better understand the complementarlietsveen different forms of innovation. Since
Milgrom and Roberts’s (1990, 1995) seminal contiidms, there has been a surge of research
interest in complementarities in economics and mameent. This literature explores when sum is
more than its parts, examining the beneficial pigey between different parts of a system (Athey &
Stern, 1998). The complementarities perspectiveoisitself a theory of organizational design or
performance, but rather an approach to help relseer¢o understand relational phenomena and how
the relationships between parts of system create walue than individual elements of the system
(Ennen & Richter, 2010). This approach helps tacBrunderstanding of how different practices and
strategies are combined and recombined, and hovwh stambinations shape subsequent
performance.

The growth in complementarities research has be#lacted in the study of innovation,
where there has been a range of studies of comptantéees between different forms of innovation
and the managerial practices associated with itfmvdLaursen & Foss, 2003; Leiponen, 2005;
Martinez-Ros & Labeaga, 2009; Mohnen & Roller, 20R6per, Du, & Love, 2008). This work has
demonstrated strong links between the forms of vation as well as the relationship between
internal and external knowledge in the innovatioocpss (Arora & Gambardella, 1990; Cassiman &
Veugelers, 2006; Mowery, 1983). Complementaritesearch has followed two broad approaches in
its attempt to measure and understand complemgesanvhich we termgomplementarities-in-use
and complementarities-in-performance. The first —complementarities-in-use - may arise from the
fact that two sets of activities are linked, inttttee use of one practice often requires the usehar
practices. In this case, there is a strong fit ketwpractices, suggesting a mutual and beneficial
interaction between different practices. In thipraach, researchers have sought to identify the
relatedness in the use of different practices, ifigdevidence that some practices are usually
combined with others (see for example Colombo,liG&l Piva, 2006; Galia & Legros 2004). The
second approachcomplementarities-in-performance - explores the performance effects of the use
of different practices in combination with one drat These studies offer a direct test of the
economic value to the firm in fitting together @ifént activities or practices and how the mutual
product of the joint use of these practices prodecenomic benefits that are greater than the
individual parts. In this paper, we seek to advakwewledge of both of these different forms of
complementarities as they concern product, progedsnanagerial innovations.

Although the literature on innovation has begun udacover the rich and deep
complementarities between product and process atiay it has just started to unearth the effect of
other forms of innovation. In this paper, we foausa triangle of relationships between three forms
of innovation: product, process and organizationf@&using on organizational innovations, we are
able to overcome the strong pro-technology biat fieavades much of the literature on innovation
(Edgerton, 1999) and to see how innovations thailue the creation of new forms of organization,
novel ways of selling products and mechanismschanging knowledge within the firm can act as
complements and substitutes for more traditionethielogy-based innovation forms (see also Mol
& Birkinshaw, 2009).

The paper is based on an analysis of the UK andchrénnovation Surveys for 2005. By
pooling these two samples and analyzing them iddally, we are able to explore how the
complementarities vary across countries. In doiogvwe can determine what relationships are
specific to national contexts. Our analysis proseedtwo stages. First, using trivariate probit and
multinomial regressions, we analyze the factors léed to the presence of each form of innovation
within the firm and the factors that lead the fitoncombine different forms of innovation. Second,
using a Heckman selection procedure on innovatisasf we explore the effects on labour
productivity of the presence of different combinas of three forms of innovation, applying direct
sets of strict complementarity. We explore the ltssof these regressions for the pooled sample as
well as for France and UK.



The results tend to show that organizational amdiyet innovations are complements when
firms don't use process innovation. In other wortlss better to introduce at the same time
organizational and product innovation when firms'tlase process innovation. Product and process
innovation are found to be complements when orgaiozal innovation is absent. We find also
some substitution effects, especially between orgdéional and process innovation in the case
where firms use product innovation. In that casggiorganizational or process innovation allows
reaching the same performance effect.

Comparing France and UK, we found similar resutiscerning complementarities, but no
complementarities effects between organizationdl @ioduct innovation in UK. However, we do
not find any specific substitution effect in botbuatries.

Complementarities depend on the resources and ibiipalof the firm. For high-tech firms,
we find complementarities between organization gwdduct innovation, no matter of the
introduction or not of process innovation. We fialdo that product and process are complements
when organizational innovation is not introducedhe Tweaker the firm’s capabilities, the more
substitutes there are especially between produdt pgrocess when organizational innovation is
absent.

2. Complementarities in economics and managementdratures and innovation
2.1. Complementarities among practices

R&D has been for a long time considered as theirdyiactor of innovation (Mairesse &
Mohnen, 2005). However the literature on firm proitin and performance as well as on innovation
has started introducing intangible factors sucl@asan capital. But this extension of independent
production factors is not enough. The Japaneseess@tory appears as a mystery if one looks just
for the addition of independent factors. Clearlg tbrganisation of the firms and perhaps the
organisation of the economic and social systenkayedactors. The idea is that the sum is more than
the parts, and that factors are complementary oFaare Edgeworth complements if doing more of
any one of them increases the returns to doing wfoitee others.

This idea has received a wide audience since Miigamd Roberts (1990) proposed to use
mathematical tools new in economics to develop nsodethis Edgeworth complementarity, and
applied them to the explanation of some major phesr@a. Milgrom and Roberts (1995) propose a
simple model to explain the move from the fordistaés production) firm to the “modern” lean,
flexible firm. Complementary factors mean that ayvelifferent set of values in the main
characteristics (for instance high pay replacing Ipay) or often a discrete change in many
characteristics (for instance the introduction ofeav pay system) are necessary for the efficiefficy o
the modern firm. Some external change such asalh®ffthe cost of the flexible manufacturing
equipment or the availability of Computer-aided igesfor new products may bring about a
complete change in the organisation of the firmey'go on to apply the story told by the model to
the more informal analysis of the Japanese econsgstem and the explanation of the long-term
competitive advantage of Lincoln Electric. Orgatimaal coherence is at the heart of the benefits of
complementarity, but it is also important to stréss source of lasting competitive advantage that a
more complex strategy gives to a firm since it asts barrier to organizational imitation, as ptbve
theoretically by Rivkin (2000).

A major problem with the analysis of complementesitin a performance function for
empirical analysis was the need for the divisipidf the choice variables and the smoothness of the
objective function (Ennen & Richter, 2010). Thissne major obstacle for considering changes in
organisation, which are often discrete. An examplthe use of fixed salary versus a flexible pay
based on performance. Milgrom and Roberts show ttiatuse of lattice theory (Topkis, 1978)
requires only the possibility of ordering: doing madhan one thing increases the returns to doing
more of another. Smoothness and concavity are @otssary. In the simplest case in which two
factors x and y take two values, 0 and 1, the cemphtarities are expressed by the following
conditions on the objective function f(x, y):

f(1,1) - f(1,0) > f(0,1) - f(0,0)



Such a function is said strictly supermodular &nd vy.

This framework is now applied to find complemeritas in the range of different settings,
including human resource management, strategy,uress, knowledge management, advanced
manufacturing technology (see Ennen & Richter, 28di0a summary of this literature). The
incidence of complementarities between differerdcpces seems strongly dependent upon the
method of analysis as those studies that lookantems between elements have a lower likelihood
of finding complementarities than studies that ®an systemic relationships (Ennen & Richter,
2010). This overall finding suggests that deterngnihe presence of complementarities is strongly
determined by the boundary conditions of a studyd3ing the set of practices to be investigated is
a significant challenge as an omitted practice feostudy may lead to misleading conclusions about
the efficacy of a combination as the benefits at tombination may only be realized when they are
combined with a third or even fourth unmeasurednel&. This indicates that an important part of
the research agenda for understanding complemigesashould be to look atultiple elements
rather simple interactions, allowing researchersutalerstand beneficial interplay arising from
systems of relationships.

The complementarities literature also addressesesfient to which practices may act as
substitute for one another or whether the use tierént sets of practices may lower overall
performance. This is the dark side of complemetn¢ari as it indicates that in some cases mutual
adoption of practices may lower performance. Tagearch suggests use of some sets of practices in
combination may induce failure. Several reasons adfered in the literature for this negative
outcome. First, the set of practices being undertdly the firm may be incompatible. For example,
research on goal-directed behavior has suggestedthle use of strong financial performance
rewards may crowd out intrinsic motivations (Ordpn8chweitzer, Galinsky, & Bazerman, 2009).
Other research on managerial strategy indicatesfitmas struggle to find the balance between
exploration and exploitation (March, 1991). Theamgational mechanisms that support exploration
may be antithetical to those that support exploitat(Tushman & O'Reilly, 1997). Second,
developing a broad set of managerial practices shat period may stretch the organization,
diluting the managerial time and attention (Ocas4i697), and increasing costs. Managerial
resources may be dissipated in these attempts/edagieand manage a wide range of tasks, lowering
overall performance. Laursen and Salter (2006) éwidlence for this allocation attention problem
when looking at implications of firms’ external selaactivities on their innovative performance.

Rarely, however, do managerial practices operatelearly demarked domains, such as
external and internal R&D, and some managerial gptscare themselves symbols for a range of
different but overlapping sets of practices. Faragle, the term ‘knowledge management’ has been
used to refer to a broad range of practices, imatuohtranets, expert yellow pages, capturing lasso
from past projects, and staff rotation and mengpprograms (Argote, McEvily, & Reagans, 2003).
Research has shown that these knowledge managenaetites tend to be clustered within a firm,
as they reflect a set of managerial practices tdsvélie organization of practices around the nature
of knowledge within the firm (Gault & Foray, 2003)loreover, the set of practices included within
a domain of managerial practice is often unclearrmay evolve over time. This lack of clarity may
reflect ambiguity in the set of managerial pradiessociated with a particular meta-practice, such
as knowledge management. Such ambiguity may btedeta the challenge of delimiting the set of
practices that are useful within the larger opataset of a widemeta-practice or meta-routine
(Nelson & Winter, 1982). Indeed, business constdtare usually paid handsomely for helping
firms figure out what set of practices are crititallarger a meta-practice. The ambiguity may also
arise out of a lack of understanding of the camsathanisms that underpin a set of managerial
activities and their performance outcomes (Lipp8aRumelt, 1982). Such causal ambiguity can
only be resolved through experimentation withinfiha with different practices, and learning about
best different practices can be needed to make thenktogether successfully.

Moreover, the complements between different sefgadtices are not static. An example of
this evolution in a complementary set of practicas be seen in the use of ‘lean production’ omlea
thinking’, a group of managerial ideas that emergetof studies of the manufacturing excellence
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of Japanese automotive companies, especially Toyitdirst, the literature on lean production
suggested the practices were critical enablingn‘lesanufacturing’, including measurement of
waste, workflows and process steps and inventorgagement (Womack, Jones, & Roos, 1991;
Womack & Jones, 1996). However, as these ideas énanleed through their use in practice, they
have become broader, covering a wide range of nesuahgfforts outside the narrow confines of
manufacturing where they first developed. Now, ¢hiekeas cover a set of practices around ‘lean
thinking’ that can be applied to environments famoved from the manufacturing process where
they first evolved (Womack & Jones, 2005).

In summary, both case of knowledge management aad production suggest that
complementarities-in-use are common place and that a set of mutually resiig requirements and
managerial practices may led to sets of activitidse undertaken concurrently in order to realnee t
benefits of one activity with another.

Although this literature documents the mutual pneseof different practices, it often does
not address the performance implications of the lioed use of different practices. It may be
performance benefits of one practice can only ladized when used in combination with other
practices. Attempts to capture the performance fiiena@ssociated with complementarities have
focused on estimating production functions.

2.2. Complementarities among forms of innovation

Since Schumpeter, it has been widely acknowledgatithere are strong complementarities
between forms of innovation. Indeed, innovationodafs often commented that radical innovations
often led to changes in product markets as wetirasesses of production (Freeman & Soete, 1997;
Utterback, 1994). Moreover, such innovations mapp dleget changes in marketing, delivery and
geographic scope of a set of production or seraictvities. This broad character of innovation
suggests that studies that focus on single formaraivation — product, process or organization —
may miss out important relationships between tluféerent forms of innovation. Indeed, it may be
that to gain from an innovation, it is necessaryremsform other parts of the firm’s innovation
efforts, including changing the system of productmr delivery and organizational structure that
supports the innovation. The importance of diffefenms of innovation is also reflected in Teece’s
(1986) profiting from innovation framework, whicimphasizes the returns to innovation usually go
to those organizations that hold valuable and ca@plementary assets. These complementary
assets amplify the original value of the innovation the firms holding such assets, indicating
complementarities between the innovation and alsets classes or activities of the firm.

In the literature on innovation, particular attentihas been placed on the potential
complementarity on the relationship between interR&D and external knowledge. When
examining the rise of industrial R&D and R&D sersdn the US in the early @entury, Mowery
(1983) found there was a strong complementarig&gtionship between internal and external R&D
investments. Arora and Gambardella (1990) also dowswvidence for the existence of
complementarity between internal and external R&estments, when studying the large firms in
biotechnology. Along these lines, Cassiman and ¥kug (2006) test the complementarity between
two factors, internal R&D and external knowledgeuasition, on a sample of 269 Belgian firms.
They find complementarity, but push the analysishier to show that this complementarity has a
stronger effect on performance when the sampledsiaed to firms having a higher basic R&D
reliance, i.e. getting more information from resdainstitutes and universities than on supplie$ an
customers. Belderbos, Carree and Lokshin (200&)ysthe performance effects of simultaneous
engagement in R&D cooperation with different parsnécompetitors, clients, suppliers, and
universities). The results suggest that the jadlapdion of different R&D cooperation types can have
inverse effects, depending on the specific strateggbinations and on firm size; Small firms may
face diseconomies of scale when pursuing manyesgiiest, which are costly to manage.

One of the most commonly documented complemerdariti the study of innovation has
been the link between product and process innavatih range of studies have found
complementarities-in-use between product and psoice®vation (Martinez-Ros & Labeaga, 2009).
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These studies demonstrate that new products mayreeghanges in processes in production and
vice-versa. Using a study of 56 firms in German ahetorking, Kraft (1990) demonstrated that
product innovation might explain the presence oktcpss innovation, but the process innovation did
not predict product innovation. Building on this flkoand exploring the case of Spanish
manufacturers, Martinez-Ros (200@und that product innovators were 36% more likely to be
process innovations. Looking at a sample of UK nfiacturing firms, Reichstein and Salter (2006)
found that the overlap between the two forms obuation was greatest when the level of novelty of
the innovations was high. Along these lines, Mitavend Pernias (2006) tested the existence of
complementarity between product, process innovasiod the scale of production (measured by
output) on a Spanish set of 432 firms in the cecatie industry. Their conclusion is that the
significant association between product and prodassvation is mostly due to unobserved
heterogeneity.

Corrazin and Percival (2006) are among the firgttmly the complementarities between the
organizational strategies and innovation with thpesmodularity methods. Their data set covers
5,944 Canadian firms in 1999 and explores sixteessiple factors of innovation. This method
prevents them from studying such a large numbeifactors since the number of pair-wise
comparisons rises very quickly. Therefore, theyregate these sixteen factors by principal
component analysis into four factors, which thayntehiring focus, R&D focus, market focus, and
reputation focus and then estimate separately tiaehior each industry. Complete supermodularity
does not occur, but pair-wise complementaritiesflEaguent, yet concern factors that are different
among industries. Percival and Corrazin (2008) rekte this analysis, distinguishing between three
levels of innovation intensity, firm level, Canaéael, and world level, and partition the sample by
industry. Then they compute the proportion of pase complements and substitutes and compare
them between the different intensities of innovatamd industries. No simple result appears, yet it
occurs that low-tech firms may have as frequentgiementarities as high-tech firms, as opposed to
what could be expected. One problem with the udbeoprincipal component analysis to reduce the
number of factors is that the content of factoranges from one paper to another and the identity of
each factor is not stable.

Most studies of complementarities have focusediogles countries and this is a significant
limitation. However, Mohnen and Rodller (2005) stualyempts to examine the factors that affect
innovation for four countries, with data from CI$dr 1992 at firm level. They consider four
obstacles to innovation, factors relating to riskl inance, factors relating to knowledge-skill vt
the enterprise, factors measuring the knowledgé-suiside the enterprise, and regulation. The
results suggest a number of complementarities legtvpairs of obstacles with the probability of
becoming an innovator as the objective functionjlevthere is more substitutability when the
objective function is the intensity of innovation.

The role of skills as complement to innovation &®D collaboration in a profit margin
objective function has been investigated by Leipo(®005), using a panel of 159 Finnish firms.
The results give support to strict supermoduldsgyween skills and R&D collaboration. However,
the results are not so neat when interaction betvgdls and innovation is considered. When
distinguishing product and process innovationcsgupermodularity of technical skills and product
innovation is obtained, and the same result appligs technical skills and process innovation. The
sample is too small to study the interaction of tiwe forms of innovation in order to extend the
analysis.

Although these studies of the complementaritiesvéenh product and process innovation
have deepened our understanding of the benefiiatplay of different forms of innovation, they
have a strong pro-technology bias in that they $ocn innovations that involve narrowly defined
technological newness. As Schumpeter originallygested, innovations often require significant
changes in the organization and management in ¢odee successful delivered to the market. In
order to better stand these factors; researchess inareasingly been focused on the sources and
determinants of managerial or organizational intiona and their impact on performance. In this
sense, it is important to go beyond the role ofiéhe of skills in innovation to consider traange
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in skills and more generally thehanges in management on technological innovation or in
interaction with it.

In 2001, several European countries added new iqueti the CIS to capture the ‘wider
innovation’ activities of the firms. These quesBoattempted to capture changes in the firm’'s
managerial activities, including four items relateal changes in the organization’s structure,
marketing efforts, strategy and system for managimgvledge. These questions are often referred
to by researchers and governments as ‘non-techicalbgnovation, drawing on the distinction in
the 2 edition of Oslo Manual between technology and temhnological innovation (OECD,
1997). However, the literature exploring the sosraed determinants of these forms of innovation is
shorter and more recent. Schmidt and Rammer (208 the German CIS4 survey to look at ‘non-
technological innovation’. This version of CIS cainis information on profit margins. They do not
test for supermodularity, but in a first part okithstudy use bivariate probits to compare the
determinants of technological and non-technologicabvations and find them similar. They also
show that the two forms of innovations are linkedetich other, although not systematically. In a
second part of their analysis, they demonstrategusrdered probit and tobit techniques that sales
are higher for firms which combine product and psx innovation with both marketing and
organisational innovation. The profit margin is g for the sole combination of organisational and
product innovation.

Building on this approach, Mol and Birkinshaw (2D@® one the rare papers to investigate
management innovation or ‘non-technological’ innmadirectly. Using CIS3 for UK, they explain
the firm performance, measured by productivity gtgwy the introduction of new management
practices and find it highly significant. The dunesifor product and process innovation are not
significant. They also use an ordered logit to axplthe number of new management practices
introduced, and it reveals the influence of sizkjoation, the use of internal and market souraats, b
also product and process innovation. Finally, Pgpldeeuwen, Mohnen and Raymond (2009) go
further with a three-step model in the CDM framekvdrhey first explain R&D and ICT then use a
trivariate probit to explain product, process anganizational innovation by R&D and ICT. These
three innovations feed in the production functiamich corresponds to Total Factor Productivity.
The model is estimated on Dutch firms data and @nthe most important results is that only
organizational innovation alone leads to higher Tédl, while product and process innovation only
lead to a higher TFP when performed together witlo@anisational innovation. However they do
not test complementarities through the exclusi@ujuralities.

Drawing on this emerging research stream, we egplloe triangle of relationships among
product, process and organizational innovationgddimg so, we are able to look at how multiple
elements of innovation may jointly shape economittomes. By doing so, it should be possible to
gain a deeper appreciation of how the value fronowations is developed and how combinations of
innovations may yield economic value. In additionlike past most studies of complementarities in
innovation, we focus on two different countries perticular, we pool data from the French and UK
2005 Innovation Surveys, based on the wider Comiyuimnovation Survey, to examine the
relationships between the three different formsnabvation. We use this approach to ensure that
evidence of complementarities is tied to speciiional contexts. In this sense, we want to sed wha
complements (or substitutes) are invariant acre®mal contexts. A France-UK comparison is
particularly useful in this respect as the two daes; although geographically proximate differ so
markedly in their national business and innovasigstems. This comparison should allow us to start
to better understand how complementarities arem@ted by national factors, expanding the scope
and nature of research on complementarities ouitsdeurrent national specific focus (see also
Mohnen and Roller, 2005 for a cross-country studgooplementarities).



3. Data, econometric methodology, and variables da#ption
3.1. Data

For this study, we combine information from tH2@ommunity Innovation Survey (CIS) for
France and the UK. CIS data is based on firm-lsugleys that ask organizations to provide on their
level and form of innovative efforts. Although dafions of innovation and examples are provided
to respondents, all the information relies on sefferted information by managers within these
organizations and therefore it has a strong subgalement (OECD, 2005). The data has the
advantage of beingomprehensive, as it covers all sectors of the private econontydetailed, as it
captures information on many different aspectsraf’$ innovative efforts. Overtime, it has become
a central tool for researchers working on undedstanthe innovation process, and there have been
over 100 papers publishing academic journals usimgg data, including leading economic and
management journals (see Smith, 2005).

Increasingly, researchers have sought to combirg® d@ta from different countries and
waves of the survey to better understand whethetirfgs from the earlier generation of single
country, cross-sectional studies are valid (GhffiHeurgo, Mairesse, & Peters, 2006; L66f &
Heshmati, 2003). However, combining CIS data acomsitries can raise significant challenges.
Although in theory, CIS data is based on a harnmemhiguestionnaire and common sampling
strategy, there are significant national differenirethe forms of questions asked, the phrasirthef
guestions and the construction of the samplesatt) these differences are due to national stedisti
offices and governments requirements and interast$ the fact that the EU regulation concerning
CIS data does not specify exactly the informatiequired to be provided by the Member-States to
Eurostat, the EU’s official statistical agency. Mover, it is difficult for researchers to combinksC
data between countries due to restrictions of uséhe data within individual-level countries. An
attempt to create cross-country data within Eutdsta required that the data be micro-aggregated,
leading to the averaging of scores for individuam$ into general pools. Although this micro-
aggregated data has been used successfully inatstadies (see Mohnen & Roller, 2005), it does
not contain the same richness as the national-lgat. In this study, we use the basic data from
UK-France CIS 4 since later versions of the CISha UK are not made available directly to
researchers and therefore it is very difficult talertake this analysis.

The 2005 UK Innovation Survey was implemented bfic®fof National Statistics in April
2005 and sent to XX firms. Although voluntary, éceived XX responses, a response rate of XX
percent. The sample was based on census of firthsower 250 employees and a stratified sample
of firms of small and medium sized firms. It coverdy firms with over 10 employees. Overall, the
patterns of responses closely mirrored the origomgdulation in terms of size, sector and regional
distribution.

The 4th Community Innovation Survey in France wagied out by SESSI (Ministry of
Economics, Finances and Industry) in 2005, covetirgg 2002-2004 period. Like UK survey, it
focuses on firms with over 10 employees, a stetiffample of firms under 250 employees and
census of large firms. The survey population ineti@5,000 firms, drawn manufacturing, services
and construction sectors. Unlike in the UK, it veasmiandatory survey and it received a response rate
of 86 percent, including 8,438 firms from manufactg sector. As expected with such high a
response rate, the sample closely mirrored thenadigopulation.

There are important differences between the saniplethese two surveys. On the French
survey, non-innovators were not asked to repodrimétion on many aspects of their innovative
activities, whereas in the UK all firms were askedeport on their innovative activities, whether o
not they innovated in the period of the survey.ohder to harmonize the two sets of data, we
removed responses from firms in the UK sample dithhot meet the French sample criteria, and we
focus on manufacturing alone to improve compargbilihis exclusion restriction reduced the UK
sample from 16445 to 3627 firms.



Adopting this sample construction approach and mgrthe two datasets, we are left with
9318 firms, with 3627 for the UK and 5691 for Frantn general, French firms are larger, more
R&D intensive, and more innovative than the UK arigations. However, since our attention is
focused on individual firms and performance consegqas of different forms of innovation, we do
not attempt to explore the reasons for these ratdifferences.

3.2. Methodol ogy

Our approach to investigate complementarities antbegforms of innovation is based on
two approachescomplementarity-in-use and complementarity-in-performance. We will consider the
triangle of relationships among product, process@ganizational innovation as binary variables (1
when a firm introduces the associated innovatiooth@rwise). We also consider eight combinations
of innovations defined from (0, 0, 0), when nonehd# three forms of innovation (product, process
and organization) are introduced; to (1, 1, 1) whalt the three forms of innovation are introduced
together.

Testing complementarity- in-use

To address questions about themplementarities-in-use among product, process and
organizational innovations, a first and naive wsyta look at the descriptive statistics on each
combination of innovations introduced; and chec& #xistence of firms corresponding to each
combination. It is also necessary to control fanswf the key variables that have been found to be
likely to influence whether a firm introduces amavation using a trivariate probit. Contrary to the
use of three separate binary probit, the trivagpatbit allows us to estimate simultaneously thregh
equations explaining the three non-exclusive foofmisnovations. In this respect, we draw upon the
‘standard package’ of variables used to explairowative forms in past studies, using CIS data.
These variables include investments in R&D andning, size, innovation collaboration,
technological and financial obstacles, use of forama informal protection methods, as described
below. As part of our analysis, we will show hovwesk variables have different effects in explaining
different innovation forms. Using these resultgrirthe trivariate probit, we adopt the ‘correlation’
approach to the measurement of complementarities (Sassiman & Veugelers 2006). This
approach consists in checking whether there iseene for correlations among the residuals for
each of the three different forms of innovationsofluct, process and organizational innovations)
taking into account the key variables explainingowvations.

However, this trivariate probit approach only foesison three different non-exclusive
innovations forms - product, process and orgaromati innovation - and does not allow us to
explore the factors that lead firms to developeatght combinations of innovations. In order to
clarify this issue, we use a multinomial logit withe same explanatory variables explaining each of
the seven combinations of innovations, with nonehef innovations as the reference case. To be
more precise, we define B¥1;1;1 a set of eight exclusive dummies that ranges fit¥600 to

W111, where ¥1 if the firm introduces a product innovation; aestherwise, E1 if the firm
introduces a process innovation; zero otherwise Iard if the firm introduces an organizational
innovation; zero otherwise. In that case, WOO@lated to the combination where none of the three
innovations are introduced, W111 indicates that fthm is introducing all forms of innovation
together, whereas W110 informs us that the firimm@vating in product and in process, but not in
organization. This multinomial logit approach alkws to investigate in more details the firms’
strategies concerning the combinations of innowatio

Testing complementarity- in-performance

In the second approach of this paper, we impleraenipermodularity test in order to test for
complementarity-in-performance between the three forms of innovations. We use egkhhan
regression to explore the effects of each of thersénnovation combinations on labor productivity
as a performance function. Our selection here sedbaon innovating firms (including those who
tried to innovate) versus non innovating firms. \Wée labor productivity (sales per employee) as our
measure of performance because it has been wigglled in past studies of the performance
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effects of innovation. It is readily available footh UK and French firms in the pooled sample &or
similar approach see Griffith et al., 2006).

Selection bias may occur because we are doingutisegiuent estimations on the sub-sample
composed of innovating firms (in product and/orgass) or firms trying to innovate, and because
the decision to be engaged in technological innomatannot be considered as an exogenous
phenomenon. The choice of this sub- sample conmm® the absence of information on key
explanatory variables for the firms who did notamate or either tried to innovate in product or
process. This may of course lead to some biasrnmesults. To control for such a selection bias, we
will use a Heckman selection procedure when wenedé a performance equation.

The selection equation includes group membershipu(m, selling in international market
(marint) and the three kinds of obstacles to intiowa(financial, knowledge or marketing). This
guarantees the exclusion restrictions. In all thecHications used, the Likelihood Ratio test (LR
test) rejects the absence of selection problems TJustifies the use of the Heckman selection
procedure.

The model we estimate is a linear one in whichdéygendant variable is a proxy for the firm
performance. We have a common measure for labatuptivity in France and UKie sales per
employee (in lod) This performance specification will then allowtostest for the complementarity
between the three forms of innovation using theesmpdularity approach.

To test for the supermodularity in each pair ofowattionsie [product and process], [product
and organization] and [process and organizatiomg oeeds to test for a pair of inequality
restrictions. For example, if we want to test floe tomplementarity between product and process
innovation, we have to test the two following restons constraints Gl when organizational
innovation is absent ar@? when organizational innovation is present) togethe

C1: w110+ WO000 > WO010 + W100

C2:will + Wo01 > WO11 + Wi01

HO:
W110+W0O00-W010-W100 > 0 (a) C1 (absence of organizational innovation)
W111+W001-W011-W101 > 0 (b) C2 (presence of organizational innovation)

H1:
W110+WO00-WO10-W100 = 0 (absence of organizational innovation)
W111+W001-W011-W101 = 0 (presence of organizational innovation)

If these two restrictions are simultaneously acegpthe performance is strongly (or strictly)
supermodular in product and process. For reasor® tgiven below, we will in this paper use
slightly different words, saying that product andgess arestrong unconditional complements. In
other words, product and process complementarityrgcindependently of the absence or presence
of organizational innovation. We can also defimeak unconditional complements when >’ is
replaced by>'.

As we have also to test fsirong unconditional complementarities for the two other pairwise
of innovations forms, we have to test similarly:

for product and organizational innovation:

W101+ WO00 > W100 + WO01

! We have also information on valued added and tmakbts only for France, which allows us to estinsate

production function (a translogarithmic specificatiallowing for more heterogeneity between firms).
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W111 + W010 > W110 + WO11

for process and organizational innovation:
W011 + W000 > W010 + W001
W111 + W100 > W110 + W101

Testing forstrong unconditional substitutability between product and process innovation, we
have to test the two following restrictions constis (C1s when organizational innovation is absent
andC2s when organizational innovation is present) togethe

W110 + WO00 < WO10 + W100 (C1s: absence of organizational innovation)

WI111 + WO01 < WO11 + W101 (C2s: presence of organizational innovation)

However in this paper we suggest a more detail@doagh to complementarity than in the
literature. We will also considaonditional complementarity which we define as complementarity
between two forms of innovation conditional to tidroduction or not of the third form of
innovation. For example, testing conditional commpatarity between product and process implies
to test the complementarity in certain circumstanoe conditional on the absence or presence of
organizational innovation. This more detailed appio permit to explore deeper the
complementarities and substituabilities betweemgoof innovation.

In that case, either of the following restrictidds or C2 must be accepted:

HO:

W110+WO00-WO10-W100 > 0 (a) C1 (absence of organization innovation)

H1:

W110+WO00-WO10-W100 = 0 (absence of organization innovation)

HO:

W111+W001-W011-W101 > 0 (b) C2 (presence of organization innovation)
H1:

W111+W001-WO011-W101 = 0 (presence of organization innovation)

As we have also to test complementarities for edbbr pair of innovations forms, we have
to test conditional complementarity between produntd organizational innovation conditionally on
the absence or presence of process innovationtiathwo tests detailed in Table 6.

Last, we have to test conditional complementariggwieen process and organizational
innovation that implies to test the complementanitycertain circumstancese conditional on the
absence or presence of product innovation withtloeassociated tests (see Table 6).

After all these tests afinconditional andconditional complementarity and substitutability,
we are able to explore the following fateful tri¢ang
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3.3. Variables description

In the first stage of the analysis (trivariate ptommultinomial logit), the dependent variables
are whether or not a firm has innovated in eackhode categories of innovation, whereas in the
second stage (performance equation) these sanablriare used as independent variables. Product
innovation was taken from a question on both swsweywhether the firm had developed a product
that was new for their market. The question defipextiuct innovation as the market introduction of
a new good or service or significantly improved g@o service respective to its ‘capabilities’ (UK)
or ‘functionalities’ (France). New-for-the-marketniovation was defined in the UK as “your firm
introduced a new good or service onto your markébrie your competitors”, whereas in France the
definition was the same, except for that it allowed firms to declare their new-to-the-market
innovations that were available in other marketeeak.

Following the UK survey, process innovation wasirted as the use of new or significantly
improved methods for the production or supply obdm® or services. In France, the question was
phrased slightly more broadly to include technigqueshnology and new knowledge leading to
development of new processes or production metandsespondents were provided with a detailed
list of activities pertaining to process innovatiomth several examples. Although not providing
examples, the UK question specifies that processviation should exclude purely organizational or
managerial changes, whereas in France no spediitaigce is provided to respondents about the
exclusion of organizational and managerial changes.

To measure organizational innovation, our approbalids on the techniques used by
Schimdt and Rammer (2007) and Mol and Birkinsha®0@. Organizational innovation was
measured by using questions on the French and UK a&lout ‘wider innovation’ (UK) and
‘organizational and marketing innovations’ (Frande)the UK questionnaire, wider innovation is
taken to refer to “new or significantly amendednfsr of organization, business structures or
practices, aimed at step changes in internal effy or effectiveness or in approaching markets and
customers”. Respondents are provided with four steamd for this study we used three of these
items that corresponded with items on the Frenchesu These items include: ‘implementation of
advanced management techniques, e.g. knowledge geraeat systems, Investors in People’;
‘implementation of major changes to your organiaadi structure’; and ‘implementation of changes
in marketing concepts or strategies’, with exampbeseach. In contrast, the French survey is more
detailed in its treatment of organizational and keting innovation, including nine items covering
different aspects of this broad concept. In ordematch the two surveys, we used four of the nine
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items to create three overlapping actions, whichew& new or significantly improved system of
knowledge management’; ‘important modificationswadrk organization within the firm’ and the
combination of the items ‘significant modificatialesign and packaging of goods or services’ and
‘new methods or significant modifications of sat@sdistribution methods’. If a firm indicates it
undertakes any one of these three actions, itfisetbas being an ‘organizational innovator’.

We used this broad measure of organizational inthmvan order to ensure that the action
was consistent with the approach used in the Qi®raduct and process innovation. In the survey,
product and process innovation are also defineddbycand firms can declare that they have a single
innovation in either of these categories over thied-year period. To ensure consistency, we adopt a
similar approach for organizational innovation,oaling firms to be considered organizational
innovators if they were able to achieve at least ohthe three different actions. We also adopted
this strategy for pragmatic reasons to help to enthat we have a reasonable number of firms for
each of our seven potential actions.

To be sure, the measurement of organizational mtmv on the CIS begs many questions as
it concerns only a few areas of managerial practicakes no attempt to overlap with prior attempts
to measure organizational or managerial innovataomg provides only the faintest hit of the rich
organizational challenges of developing and deineother forms of innovation. In this respect, it
is poor and incomplete measure of what is a brgatlra&ch concept (AMR paper). In part, this
confusion is reflected in the"2version of the Oslo Manual (OECD, 1997) and in ynaolicy
documents, which refer to these forms of innovatsn'non-technological innovation’, which is
itself possibly misleading term as it defines sdrmgg by what it is not rather than what it is. Much
greater progress and attention will need to begolaan the measurement and conceptualization of
this form of innovation, if a greater understandofgts sources and impacts on performance are to
be realized in the future.

Our measure of labor productivity is based on #lessper employee in 2004, the last year
covered by the survey. Although highly imperfectaaseasure of performance, it has been used in
many other studies of the performance effects nbwation using CIS data (Crépon, Duguet, &
Mairesse, 1998; Griffith et al., 2006; Roper et aD08). Moreover, since our measure of labor
productivity is taken during the same time as ounovation data, it raises difficult questions about
the timing of the effects of innovation. It can bepected that the productivity benefits of an
innovation may take several years to be translatexd productivity gains. However, to enable a
direct test of the effects of complementaritiess itequirement to have a clear performance vagiabl
and therefore we have used this measure to alladw esplore this question.

In order to explore sources of each type of innowaand critical factors that might explain
innovativeness more generally, we have introducediraber of control variables into the model.
First, as size is a critical variable in determgnimnovative outcomes (Cohen, 1995), we have
controlled for firm size by using the share of futhe equivalent staff. Second, since investmants i
R&D are often a precursor to innovative outcomed #rey help firms more successful absorb
knowledge from outside their firm, we have includedneasure of R&D expenditures per FTE
employee for each firm (Cohen & Levinthal, 1990hird@, investing in training is a signal that firms
invest resources in improving the quality of themployees and therefore we have introduced a
dummy variable indicating if the firm invested maihing for innovation. Fourth, research has shown
that firms that cooperate with external organizatiare more likely to innovate and, given this, we
have included a dummy to measure if the firm hafdrenal collaborative arrangement with an
external organization (Ahuja, 2000; Tether, 20@2ith, as past research has found that firms open
to external ideas were more likely to innovate #md openness variable also appears to explain
management innovation, we have included a measwpemness (Laursen & Salter, 2004; Mol &
Birkinshaw, 2009). To construct this measure, weehased the same approach as Laursen and
Salter (2006), simply counting up the number ofetsna firms indicates it drew knowledge from ten
possible sources of external knowledge, giving uaréable that has a value of between 0-10. Sixth,
in the pursuit of innovation, firms can face marbstacles and past research has shown that how
firms perceive these obstacles can shape theionpesthce. In order to measure obstacles, we have
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used a measure of three different types of obstatiteancial, technological and market (Mohnen &
Roller, 2005). This measure was constructed bytiagéhree groups of two items from the question
on the CIS about barriers to innovation. We asgsigiine firm 1 if it indicated that this type of
obstacle was an ‘important’ and ‘very importanttixr. Seventh, since the mechanisms firms use to
protect their innovation may shape their abilitycapture returns from these innovative efforts, we
used two measures to capture firms approprialstitgtegies. The first of these measures the extent
of use of formal methods of protection, such asmst trademarks, design registrations and
copyrights and the second covers informal methedsh as lead times, secrecy and complexity.
Both measures involve coding the response of emoh for its use of each type of protection
method, with 0-4 measure for formal methods and3an@easure for informal methods. Moreover,
we have also included two variables to capturesthectural features of the firm, including whether
it is involved in international markets and whetitewvas a member of a wider group. Both variables
have been found in previous research to shape ativevperformance (MacGarvie, 2006). Finally,
as patterns of innovation may differ across indusind countries, we have included 10 industry
dummies and a dummy for whether the firm was French

4. Results

4.1. Descriptive statistics
(Insert Table 1)

Table 1 shows that French firms are slightly maredpctive, are larger and are investing
more in R&D. Cooperation is more in use in Fraraog] obstacles (financial and non financial) are
more frequent too. Finally, French firms are morespnt in the international market and they more
often belong to a group.

However, UK firms are more engaged in training,ytmve access to more sources of
innovation and they tend to protect more their iratmns.

(Insert Table 2)

Describing the three forms of innovation (Table @pcess innovation is broadly used by
firms in the pool sample as 68% of firms had inriedain process. 64% of firms introduced
organizational innovation whereas half of them ($18troduce product innovation. We have found
some differences between France and UK. Especi@nch firms are more prone to introduce
process innovation than UK firms. Three out of fBuench firms introduced process whereas half of
UK firms in the same period did so. Concerning argational innovation, 61% of UK firms and
66% of French firms respectively introduce thisviasf innovation.

Concerning the combinations of innovation formspamfirms with technological activities
the most frequent is the use of all the three foofrienovationi.e. product, process and organization
at the same time, and this suggests that therene salue in the complementarity theory. This
situation represents 26% of firms for the pool sl@npl % for UK and 30% for France. The second
most frequent state concerns firms using at theestme process and organizational innovation
without introducing product innovation respectiv@l$%, 16% and 24% for pool, UK and France
samples. Introducing no innovations representbernpbol sample 8.5%, 11% of UK firms and 6.5%
of French firms. Introducing only one form of inratn is around 5% to 12%. The most frequent
innovation form used alone is process innovatiore Wbw undertake to uncover the main
determinants of the different forms of innovati@onsidering first each form of innovation by a
trivariate probit, and then refining the analysysstudying each exclusive combination of forms of
innovation by a multinomial logit.

4.2.Determinants of the forms of innovation (Trivariate probit)
(Insert Table 3)
A large number of variables in CIS4 appear to gaicant determinants of the probability
of innovating at least in one of the three formsimafovation (Table 3). Note that a firm may
innovate in more than one form, and also that mmavation corresponds to trying or abandoning a
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technological innovation project — which means tha estimated effects are expected to be
generally weaker compared to a case where theerefersample would be composed of firms
having no activity in technological innovation.

Sze has a positive effect on both process and orgaoirtinnovation, but not on product
innovation, both in the pooled sample and eactheftivo countries. A positive influence could be
expected for reasons of returns to scale, but mtodifferentiation in large firms may explain the
absence of effect of size on product innovatiothenfirms today.

Internal R&D has completely different effects oe three forms of innovation. In the pooled
sample, it affects positively product innovatioegatively process innovation, and has no effect on
organizational innovatidn If the positive effect on product innovation waspected, the negative
effect on process innovation (non significant in JUkay be explained by the fact that process
innovation is new to the firm but not to the rekthe world, while product innovation in our stuidy
defined as new to the market. Therefore when iatdR&D is focused on product innovation new to
the market, it is possible and cheaper to buy py @me process innovations. Finally we note that
R&D has a positive effect on organizational innaaatn UK, while it is not significant in France.

Training has an important impact on both process@ganizational innovation, and this is
in line with the view that the implementation ok#e innovations requires adapting human skills,
while R&D expenditures cover researcher’s salara$ play a similar role for product innovation.

Cooperation with other firms or institutions hapasitive effect on all forms of innovation,
and this result confirms the importance of obtajnexternal information. The importance of the
quest for knowledge and openness of the firm idicoad by the positive effect of the variable
“sources” for all forms of innovation.

The lack of knowledge plays no role except for argational innovation where the variable
has a positive effect. The same odd result is obthifor the financial obstacles. The market
obstacles (barriers by incumbents to entry, unigcerteemand for innovative goods) have the
expected negative sign, but it is not always sigaift.

The degree of protection of the firm’s innovati@ain important theoretical determinant of
the effort to innovate. CIS is interesting in thegpect since it distinguishes formal and infor(oal
strategic) protection. Informal protection througécrecy, complexity of design or lead time on
competitors is always a very significant factor @thiencourages innovation. Formal protection is
definitely important for product innovation, relaly important for organizational innovation
(except for UK), while the effect is negative failopess innovation, at least in UK. This could be
expected, since the copy of processes is diffioultetect by the innovator.

Finally the French firms are more innovative, wkatethe form of innovation than the
British firms, in spite of controls for size andlirstries.

Most of these results are in line with establistiegbry and other researchers findings, yet
some are puzzling, and this could in part be dubedact that a firm may make different forms of
innovation at the same time, and it may build dpaor strategic for one form, while this factor is
not at all interesting for another form, and thiaymend up in fallacious relations —even though
estimation is simultaneous.

Overall the correlation of residuals displays dif& patterns in the two countries. In UK,
complementarities between process and organizationavation and also between product and
organizational innovation are observed, and ndiogldbetween product and process innovation. In
France complementarity between process and orgamaainnovation also occurs, while there is
no relation between product and organizational wation, and finally we find substitution between
product innovation and process innovation. The dempntarities are globally looser in France than
in UK. However these relations may be affected by unobkseheterogeneity and we use below
methods less subject to this criticism.

4.2. Determinants of the exclusive innovation combinations (multinomial logit)

2 polder et al.(2010, table 3b) in a CDM model disd a positive effect for R&D in product innovatidut insignificant
in process and management innovation.
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(Insert Table 4)

This analysis (Table 4) compares the effect ofvidugables studied above on the probability
of innovating in a given exclusive combination ofrhs of innovation whereas the trivariate probit
did not distinguish the firms who do different fanof innovation during the same period. The
reference situation is again the sample of firmglkry or abandon technological innovation.

An overall analysis shows that the number of sigaift factors increases in the number of
different forms of innovation done simultaneoudiis hints that firms need a more systematic use
of the diverse possible strategies when the aimnigvation in all forms. Only one variable, market
obstacles, is never significant, while it is coes&tl as important in innovation theory. R&D is the
most often significant factor, in line with theory.

Size becomes a positive factor in the two countnesnly when the firm wants to do all
three forms of innovation, and can be interpreted permitting factor for such a costly strategy.

R&D has now a positive effect on any combinationirofovations in the two countries
except for process only, for which it is negatimegking more precise the results of the trivariate
probit.

Training always increases innovation except whegrethis only product innovation (or
product combined with organizational innovationUK). Cooperation enhances the probability of
innovation, particularly when multiples forms ohwmvation take place. The recourse to sources of
innovation is important for Product innovation afat multiple innovations. The obstacles to
innovation do not influence innovation except thehcial obstacles in UK when several forms of
innovation are done. These financial obstacles adlgtuncrease the probabilities. Finally the
intellectual protection, formal or not, increasks probability of innovating, although much less in
UK.

The analysis shows fairly different patterns of amations and different determinants
between the two countries. The French firms inm@wvabre in all forms except in organizational
innovation alone. Cooperation is less often impurthan in UK. The obstacles of different sorts do
not influence innovation at all in France, where#sllectual protection is much more influential.
These differences hint to the existence of an @wging culture in many French firms, R&D
oriented and less sensitive to the influences efdkternal world. One of the explanations is the
stylized fact that French firms are more often nggaaby engineers trained in elite engineering
schools.

4.3. Testingcomplementarities-in-performance between forms of innovations
(Insert Table 5)

The results of the equation performance first shibat all the exclusive combinations of
innovation activities have a positive and significaffect on performance. The mere attempt to
innovate technologically without any innovation sess (W000) has a positive effect, but doing all
the forms of innovation at the same time (W111) thashighest effect. While size has no influence,
R&D has the expected positive effect on performai&eace innovation activity is controlled for,
this direct effect on performance gives credithte absorption capacity role of R&D. The financial
and knowledge obstacles have the right negative big are not always significant, while the
market obstacles are always significant and havegative effect. Appropriability methods have no
effect on performance, but they have normally besptured in the innovation equations. Finally
there is no Country effect.

(Insert Table 6)

Let us now turn to the tests of the complemenesdiin-performance. Using a triangle
between product, process and organization, thdtsesan be summarized in the following figure:
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The triangles present theonditional pairwise complementarities and substitutions. At fi
observation is that we do not finghconditional complementarity ounconditional substitutability
between the three forms of innovation simultanegusl there is no supermodularity in the three
forms of innovations. This is a standard negatesult in the econometric studies in this field. It
implies to look at pairwise complementarities betwénnovation forms.

We also observe that we do not obtantonditional complementarities between two forms
of innovation. However, we find a number of comuhital complementarities and three cases of
conditional substitutability.

Looking first at the pooled sample, we observetltinee sides of the triangle in turn and find
three results. First product and process innovati@nfound to be conditional complements when
(and only when) organizational innovation is nafroduced. This result is in line with previous
research dealing with complementarity between mbdad process. It appears as a strategy often
technically necessary to make a process innovatidie able to obtain a product new to the market,
but it does not require making an organizationabngfe — which has a cost- and this
complementarity raises performance. We can name shrategy the “technological strategy’.
Second, table 6 shows that product and organizdtimmovations are conditional complements
when firms do not use process innovatidere firms find it efficient to modify their orgazation to
obtain product innovation or make it performant.isTts a different practice from the process-
product strategy and can be termed a structuretedestrategy in the line of Chandler (1962)
Thirdly a substitution effect exists between pr@casd organizational innovation when firms use
product innovation. This suggests that rather tthaimg the three types of innovation at the same
time, a costly strategy, there are two alternasivategies which reach a similar performance, eithe
a process-product innovation complementarity, or @mganization-product innovation
complementarity. This result has useful implicasidor managers in order to choose the innovation
strategy and the relative magnitude of the coefits can guide the decision.

% See LAM (2010) for a survey of literature on imative prganizations and typologies of firms
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Comparing the triangles in table 6 for France aikd We found similar results concerning
conditional complementarities between product amdcess innovation when organizational
innovation is absent. This result has strong sjratamplications for French and UK managers as
introducing at the same time product and proces®viation does not request to introduce
organizational innovation for achieving complemeityaeffects. However, only for French firms,
product and organizational innovations are condéiccomplements when firms do not use process
innovation. This is not the case for UK firms whehere is no relation. UK firms should then
implement a process-product complementarity styatelgile French firms should consider also the
organization-product strategy. These somewhat rdifite results for the two countries suggest
considering other sample splits. It has long beated in the management literature under the term
of “contingency theory” that the most appropriagteicture for a firm is the one that best fits aegiv
operating contingency (Burns & Stalker, 1961). Thisans that there is no theoretical reason to find
a unique best complementarity strategy for allfimes of our sample.

Sample splits

We have conducted additional analysis to deternmioe the complementarities among
product, process and organizational innovationssheged by the resources and capabilities of the
firm. We used firm size and R&D activities as pexifor resource and capabilities respectively. In
the case of size, we used the common distinctitwd®n small and medium sized firms with less
than 250 employees and large firms greater thane?2y0loyees. The triangles (appendix 1) show
that the relations between the forms of innovatdfer. To make a concise comparison let us count
the number of each type of conditional relationtfue three samples (pool, UK, France). For large
firms, we find 3 complementarities, 15 non relati@md no substitubility. For small firms, we find 6
complementarities, 10 non relations and 2 subditat The substitutions occur between process and
organization innovation when product innovatiomiliesent. This is easily explained in terms of the
costs of a triple innovation strategy for small anddium firms. The corresponding conditional
strategies for the large firms show the opposikiosn, namely complementarity for the UK and the
pool samples, and no relation for the French samigie size split then shows that the small and
medium firm are responsible for the results of thik sample with two alternative strategies,
“technological”, and “structure oriented”. The lar§irms have a third strategy which combines
organizational change and process innovation. Jtnédegy is likely to be financially allowed by the
economies of scale that large firms have.
Let us look now at the role of capabilities in singpgnnovation strategies.Capabilities were capgture
by whether the firm had greater (or lower thanklswof R&D expenditures per staff member than
their industry average (using a 10 industry classifon (Appendix 2). For the high R&D firms, we
find 7 conditional complementarities, 11 non relat, and no substitutability. For the low R&D
firms we find 4 complementarities, 10 non relatioasd 4 substitutabilities. The differences in
strategies are here neater than along the size dglh R&D firms need more than low R&D firms
to undertake complementary strategies and thefoqmeance benefit from these complementarities.
If the pooled sample of high R&D firms shows tha¢ two preferred strategies are those displayed
in the full sample, “technological strategy” andrt&ture oriented strategy”, this result is drivgn
the French firms, and again the UK firms choose‘tbehnological strategy”. The low R&D results
show less coherence, which can be expected.

5. Conclusions, limitations and further research

These results on sample splits confirm that thareaof complementarities-in-performance between
forms of innovation is strongly dependent on theiomality, the resources and specially the
capabilities of the firm. They do not invalidateettheory of complementarities-in-performance —
showing that they are numerous. One of the maitriborions of the paper is that one has to go far
beyond the naive view that there could be one dmsplementarity strategy, one which would also
combine all innovations (“general supermodularityBuch a policy would obviously have high cost
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and might also have little effect in many contel®re precisely we show that the national context
is shown to explain strategies, and so are thairess and the capabilities of the firms.

Although this has helped to deepen and extend aderstanding of complementarities
between different forms of innovation within andass countries, many questions remain. First, our
study relies on information from a single wave leé CIS, and with the emergence of panels of CIS
data for some countries, it will be possible toesiwgate these relationships with greater stadilstic
precision and rigor. This approach will help toetatine the direction of causality, which can never
adequately be addressed in a cross-sectional aalyss analysis could also provide insights ia th
timing of the complementarities between differeotns of innovation and how the mixing and
matching of different forms of innovation shapebsequent performance. However despite the
allure of panels for improving estimations of theskationships, the cost of the use of such pasels
the loss of international comparability, which isrdical component of this study.

Second, the concept of organizational innovatiomeoed in this paper is a broad one and
measures used in the CIS to capture this concepyeamerally poor. Following the OECD’s Oslo
Manual Innovation researchers have often refereethis form innovation as ‘non-technological
innovation’, which is a vague and incomplete dggmn of a rich and varied phenomenon. Indeed,
defining something by something it is not can lea@n under appreciation of the specific features
of the thing itself. The concept of organizatiomatovation opens a range of questions about the
organization and design of the firm and how choied®ut what forms of practices and
implementation of these practices shape performanteomes, especially when combined with
product and process innovations, which can onlgumgested at in a study of this type. It would be
fruitful to link surveys focused on organizatiordasrganizational change to CIS dataurthermore,
it would be worthwhile to develop more robust measwof organizational innovation on future CIS
surveys as well as an extend the survey to expl@dactors that explain this form of innovation,
away from the current focus of the survey on exjyay only technological product and process
innovation.

Third, in our study we focus on one type of perfante outcome, labour productivity. The
selection of labour productivity was based on datailability and the desire to conform to past
research. However, there is a wide range of measafr@erformance that could be investigated,
subject to data availability, including firm growtreturn on assets, survival, profits and innowativ
performance. It may be the benefits of combininffedent forms of innovation drive different
performance outcomes.

Finally, we focus on three forms of innovation mststudy, but of course, researchers have
identified a wider range of innovation forms, imdilng business model innovations or branding
innovations. Of course, the greater the numbepoh$ of innovation, the more challenging it will
be to make sense of the complementarities that gameetween them. Attempts to measure and
discriminate between these different forms of irat@n could offer the potential to learn more
about the broad combinatorial nature of innovat@noriginally formulated by Schumpeter and
provide lessons for managers and policy-makershag tonsider the best ways of promoting
economic development.
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Table 1: Definition of variables and descriptive stistics

Name of Description All UK France
variables (9318 (3627 (5691
firms) firms) firms)
Product If the firm introduces a product that is new-foetimarket 28.40%  27.40% 29.03 %
innovation (0,1)
Process If the firm introduces a new process (0,1) 37.88980.63% 42.50 %
innovation
Organization If one of the following: new or significant improge 46.39% 43.64% 48.15%
al innovation organizational structure, system for managing kieoye,
or marketing activities (0,1)
Labour Sales per employee (in Euro and logs) 4.87 4.70 74.9
productivity
Size Log of number of FTE employees 4.33 411 4.46
R&D Amount of internal R&D expenditures per empley@ 0.47 0.37 0.54
Euros and logs)
Training Dummy for firms investing in training farnovation (0,1) 39.87 % 49.84 33.51
Cooperation  If innovation cooperation arrangemaeitis other firms or  33.33 % 20.10 48.33
institutes (0,1)
Openness Number of ‘important’ or ‘very importasdurces of 2.73 3.68 2.13
innovation: internal, suppliers, customers, corsul
competitors, universities, public research instisyt
conferences, scientific and trade publications, and
professional and industry associations (0-10)
Financial If lack of finance inside or outside the firm isehy 44.61% 31.07 53.24
obstacles important’ or ‘important’ (0,1)
Knowledge If lack of qualified personnel, lack of informaticm 46.94% 43.75 48.97
obstacles technology or lack of information on market arer{ve
important’ or ‘important’ (0,1)
Market If market dominated by established enterprisesncettain = 51.94% 49.79 53.31
obstacles demand for innovative good or services are ‘very
important’ or ‘important’ (0,1)
Formal Number of formal methods for protection for innovat 1.15 1.53 0.91
appro- including registration of designs, trademarks, ptand
priability copyrights (0-4)
Informal Number of informal methods of protection for innbwea, 1.10 1.72 0.71
appro- including secrecy, complexity of design or leaddim
priability advantage on competitors
International Dummy for firms operating in ‘European’ or 66.84% 61.79 70.07
market ‘International’ markets (0,1)
Group Dummy for firms belonging to a group (0,1) < 41.36 59.99
Industry Dummies for: Textile, Paper, Chemical sits and
rubber, Basic metals, Fabricated metal, Machinglggtric
equipments, Transport equipment and other for the
remaining firms.
French Dummy for French firms (0,1) 61.08%

Sources: CIS 4 (UK and France)
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Table 2: Descriptive statistics of forms of innovabns and the eight exclusive associated

combinations

All UK France

Product innovation
Process innovation
Organizational innovation

None (W000)

Product innovation only (W100)

Process innovation only (W010)
Organizational innovation only (W001)
Product and process innovation (W110)
Product and organizational innovation (W101)
Process and organizational innovation (W011)
All forms of innovations (W111)

Nb of firms with technological innovating activisie
(Product, Process and or Project)

2646 (50.74%)
3530 (67.69%)
3336 (63.97%)

994 (49.35%) 1@E261%)
1111 (55.16%) 24557%)
1217 (60633 2119 (66.20%)
445 (8.53%) 239 (11.37%)
374 (7.17%) 192 884
637 (12.21%) 22931%)
395 (7.57%) 29411.37%)
423 (8.11%) 37 (6.80%)

206 (6.44%)
182 (5.69%)
408 (12.75%)
166 (5.19%)
286 (8.93%)

47039%) 243 (12.07%) 228 (7.12%)
1G9294%) 323 (16.04%) 769 (24.02%)
1378 (26.42%) 42D(5%) 956 (29.87%)
5215 2014 3201

Sources: CIS 4 (UK and France)
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Table 3: Forms of innovations: Trivariate Probit

Pooled UK France

Coef. z Coef. z Coef. z
Product Innovation
Size 0,023 1,53 -0,037 -1,55 0,051** 2,60
R&D (log) 0,268** 1298 0,286*** 6,98 0,242***  1@0
Training 0,002 0,04 -0,016 -0,25 0,007 0,13
Cooperation 0,263** 6,59 0,378 578 0,181*** B85
Openness 0,021+ 2,21 0,026* 1,78 0,020* 1,64
Financial obstacles 0,043 1,11 0,065 1,03 0,031 20,6
Knowledge obstacles 0,027 0,71 0,083 1,34 0,004 8 0,0
Market obstacles -0,014 -0,37 -0,122* -1,94 0,058 141
Formal appropriability 0,109*** 7,45 0,097** 458 0,156** 7,09
Informal appropriability 0,170*** 9,49 0,098*** 34 0,220*** 9,95
France 0,212** 4,35
Constant -0,964*** -9 73 -0,579** -399 -0,936** -6,84
Process Innovation
Size 0,064** 4,15 0,082** 3,47  0,052** 2,51
R&D (log) -0,085*** -3,96  -0,031 -0,79 -0,115*** -89
Training 0,461** 11,56 0,462** 7,39  0,465*** 8,90
Cooperation 0,226*** 5,43 0,318*** 4,89 0,156** @5
Openness 0,018* 1,87 0,018 1,27  0,022* 1,68
Financial obstacles 0,011 0,28 0,001 0,01 0,011 10,2
Knowledge obstacles 0,064* 1,63 0,077 1,26 0,049 930,
Market obstacles -0,079*  -1,97 -0,063 -1,02 -0086 -1,61
Formal appropriability -0,051** -3,40 -0,049*+ .29  -0,036 -1,55
Informal appropriability 0,064** 3,40 0,004 0,14 ,100*** 4,56
France 0,644** 13,04
Constant -0,603*** -5 98 -0,705** -493 0,209 1,42
Organizational Innovation
Size 0,093** 6,05 0,119*** 485 0,071 3,55
R&D (log) 0,035 1,61 0,139** 3,36  -0,016 -0,61
Training 0,335*** 8,69 0,255*** 4,04  0,389*** 7,86
Cooperation 0,178** 4,40 0,221** 3,31  0,133* 285
Openness 0,055** 5381 0,039** 2,67 0,068** 540
Financial obstacles 0,079** 2,00 0,151** 2,36 0,054 1,06
Knowledge obstacles 0,156*** 4,02 0,125** 201 B¥* 3,46
Market obstacles -0,001 -0,01 -0,046 -0,74 0,017 340,
Formal appropriability 0,059*** 3,98 -0,011 -0,53 ,1@5** 5,92
Informal appropriability 0,057** 3,14 0,135*** 42  0,040* 1,74
France 0,230*** 4,74
Constant -1,010 -10,00 -1,154** -780 -0,728*** |15
Correlations of residuals
Product / Process -0,020 -0,87 0,019 0,54  -0,062** -2,06
Product / Organization 0,050** 2,17 0,079** 2,12 0,034 1,13
Process / Organization 0,226*** 9,43 0,185*** 496  0,265*** 8,18
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Sources: CIS 4
(UK and France),
Industry dummies
are not reported
Significance
levels at *** 1%,
** 5% and * 10%.



Table 4: Exclusive innovation combinations: Multinanial Logit

Pooled UK France

Coef. z Coef. z Coef. z
Product innovation only (W100)
Size -0,170*** -2,76 -0,278***  -3,13  -0,079 -0,89
R&D (log) 0,285** 3,28 0,444 289 0,181* 1,69
Training -0,222 -1,48 -0,179 -0,87 -0,295 -1,31
Cooperation 0,385** 2,32 0,648** 2,55 0,212 0,93
Openness 0,039 1,04 0,081 1,59 -0,023 -0,40
Financial obstacles 0,113 0,73 0,280 1,25 -0,064 ,29-0
Knowledge obstacles -0,126 -0,84 -0,018 -0,08 ®,22 -1,04
Market obstacles 0,026 0,17 -0,185 -0,87 0,273 1,24
Formal appropriability 0,168** 2,99 0,136* 1,86 ,2B5*** 2,81
Informal appropriability 0,206*** 2,90 0,151 1,47 0,318*** 297
France 0,389** 2,10
Constant -0,199 -0,54 0,237 0,50 -0,441 -0,67
Process innovation only (W010)
Size -0,034 -0,62 -0,056 -0,69 0,004 0,05
R&D (log) -0,370** -3.84 -0,309***  -1,564  -0,445* -4,02
Training 0,721** 551 0,825*** 4,15  0,692** 3,78
Cooperation 0,170 1,12 0,481* 1,89 -0,059 -0,30
Openness -0,017 -0,48 0,031 0,64 -0,062 -1,25
Financial obstacles 0,005 0,04 -0,021 -0,10 -0,025 -0,14
Knowledge obstacles -0,049 -0,37 -0,016 -0,08 ®,08 -0,48
Market obstacles 0,018 0,13 0,153 0,75 -0,028 -0,15
Formal appropriability -0,171** -3,11 -0,115 -B5 -0,158* -1,68
Informal appropriability 0,093 1,49 -0,019 -0,20 ,199** 2,08
France 0,982** 6,17
Constant 0,055 0,16 -0,051 -0,11  1,148* 2,15
Organizational innovation only (W001)
Size 0,018 0,30 0,018 0,23 0,024 0,26
R&D (log) 0,018 0,20 0,325** 2,14 -0,173 -1,41
Training 0,449** 3,07 0,502** 253 0,427* 1,93
Cooperation 0,413* 2,54 0,627** 2,59 0,309 1,34
Openness 0,101** 2,78 0,089* 1,84 0,107* 1,90
Financial obstacles 0,159 1,05 0,240 1,13 0,102 504
Knowledge obstacles 0,121 0,82 0,045 0,22 0,194 70,8
Market obstacles 0,144 0,96 0,191 0,93 0,049 0,22
Formal appropriability 0,141** 2,52 0,027 0,39 013** 2,90
Informal appropriability 0,040 0,57 0,189* 1,92 ,088 -0,74
France -0,006 -0,03
Constant -1,251** -3 36 -1,496**  -3,17 -1,311** 2;00

Continued in the next page...
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Pooled UK France

Coef. z Coef. z Coef. z
Product and Process (W110)
Size (logemp4) -0,006 -0,10 -0,088 -0,94 0,045 0,57
R&D (log) 0,212* 2,48 0,385** 2,32 0,085 0,85
Training 0,607** 4,16 0,690*** 291 0,613 311
Cooperation 0,708*** 4,46 1,142%** 4,34  0,412* 20
Openness 0,063* 1,69 0,074 1,33 0,045 0,89
Financial obstacles 0,095 0,63 0,080 0,33 0,066 30,3
Knowledge obstacles 0,120 0,82 0,222 0,95 0,034 701
Market obstacles -0,037 -0,25 0,062 0,26 -0,045 230,
Formal appropriability 0,100* 1,77 0,120 1,47 ®20 2,21
Informal appropriability 0,358** 5,21 0,163 1,36 0,493** 510
France 1,361** 7,34
Constant -2,181** 571 -2,098***  -3,69 -0,641 15
Product and Organization (W101)
Size (logemp4) 0,051 0,91 -0,011 -0,13 0,103 1,24
R&D (log) 0,368*** 4,48 0,569*** 3,94  0,233* 2,29
Training 0,443** 3,10 0,288 1,45 0,609*** 2091
Cooperation 0,249 1,57 0,628** 262 -0,124 -0,56
Openness 0,094** 265 0,108** 2,25 0,080 1,51
Financial obstacles 0,234 1,59 0,372* 1,76 0,169 800,
Knowledge obstacles 0,212 1,48 0,285 1,42 0,123 90,5
Market obstacles 0,108 0,74 -0,020 -0,10 0,231 1,09
Formal appropriability 0,194** 3,60 0,098 1,41 4Q8** 4,46
Informal appropriability 0,316*** 4,55 0,321*** 31 0,402** 3,98
France 0,543** 3,03
Constant -2,103** -5,73 -1,899**  -396  -1,793** -3,00
Process and Organization (W011)
Size 0,084* 1,69 0,168** 2,25 0,061 0,87
R&D (log) -0,262***  -3,25 -0,033 -0,21  -0,411** -84
Training 0,990** 8,12 0,820*** 4,39 1,089*** 6,40
Cooperation 0,414** 3,02 0,597*** 260 0,212 1,19
Openness 0,105** 3,39 0,109** 2,42  0,090* 2,04
Financial obstacles 0,160 1,27 0,337* 1,69 0,049 290,
Knowledge obstacles 0,265** 2,15 0,233 1,24 0,255 501
Market obstacles -0,058 -0,47 -0,091 -0,48 -0,017 0,10
Formal appropriability -0,019 -0,39 -0,126* -1,910,150* 1,80
Informal appropriability 0,143** 2,47 0,225** 2,55 0,196** 2,23
France 1,335 8,87
Constant -1,367**  -4,29 -1,928**  -428 0,238 0,48
Product, Process and Organization (W111)
Size 0,176*** 3,55 0,135* 1,84 0,201+ 2,88
R&D (log) 0,267** 3,58 0,607*** 4,37 0,077 0,86
Training 1,151** 9,17 1,130*** 5,79 1,206*** 6,92
Cooperation 0,993** 7,29 1,486*** 6,76  0,623** 36
Openness 0,132** 4,29 0,136*** 3,05 0,125*+ 281
Financial obstacles 0,215* 1,69 0,326* 1,65 0,129 ,740
Knowledge obstacles 0,279** 2,25 0,321* 1,72 0,237 1,37
Market obstacles -0,082 -0,65 -0,286 -1,51 0,061 300,
Formal appropriability 0,179*** 3,76 0,077 1,18 388*** 4,70
Informal appropriability 0,446*** 7,59 0,338*** 33 0,560*** 6,44
France 1,568*** 10,10
Constant -3,382** -10,26 -3,179*** 6,80 -1,781** -3,51

Sources: CIS 4 (UK and France), Industry dummiesat reported Significance levels at *** 1%, ** 58ad * 10%.
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Table 5: Exclusive innovation combinations and pedrmance

Pooled UK Erance Sources: CIS 4

Coef. yd Coef. z Coef. z I(rL1J dKusetlrnd dzrrirr:i?s,
WO000 0,808* 18.05 0,843+ 7.71 0,758** 535 _ " Otyrep orted
W100 0,779** 17.13  0,813** 745 0,723** 516 Significance
W010 0,826*** 18.47 0,876®* 7.97 0,759"** 523 |evels at *** 1%,
w001 0,812%* 17.73 0,866** 7.80 0,734** 516 **5% and * 10%.
W110 0,845** 18.27  0,903** 800 0,773** 533 Wik refers to the
w101 0,845*+ 18.33 0,878** 8.00 0,789** 547 _exclusive
Wwo11 0,827** 18.48 0,880%* 8.07 0,758%* 531 Combin'arlirgon"sa:‘t"t’r?e
wil1l 0,843+ 1857 0,886** 7.93 0,775 543 [ /.o .l o
Prod (2002) 0,862** 13542 0,833*** 3257 0,886** 53.89 innovations forms
Size -0,001 -0.19 0,009 1.25  -0,006 -0.78 (0/1, 0/1, 0/1)
R&D (log) 0,022*** 4.63 0,045+ 379  0,011* 1.81 reflect whether a
Training 0,011 1.16 0,020 1.25 0,005 0.52 firm has
Cooperation -0,001* -0.12  -0,012 0.74 0,004 0.42 introduced a
Openness 0,001  -0.68 -0,002 -0.49 -0,002 -o.5eroduct, g:}o(;fjs
Financial obstacles -0,049** 527 -0,013 -0.78 ,06** -4.06 organizational
Knowledge obstacles -0,022*** -2.28  -0,010 -0.54 0¥ -2.26  jnnovation.
Market obstacles -0,025* 274  -0,043*** -2.70 ,600** -0.97  All the tests reject
Formal appropriability -0,005 -1.17 0,003 0.52 1BO -1.52 the independence
Informal appropriability 0,001 026  -0,001 -0.19 003 059  between the
France .0.017 147 selection and the

: performance

equation.

Dropping R&D from this equation performance did nbange the results.
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Table 6: Testingcomplementarities-in-performance between forms of innovations

Pool UK FR
Chi2  Prob Chi2 Chi2  Prob Chi2 Chi2  Prob Chi2
HO: (a) C1=0 & (b) C2=0
3.39 0.184 1.83 0.399 3.21 0.201

¢ Organizational innovation = 0:
8 HO: (a) C1=W110+W000-W010-W100 >/< 0 ? 2.84* 0.092 1.81 0.178 1.89 0.169
g Complements (C1>0) / Substitutes (C1<0)COMPL. 0.954 COMPL. 0.911 COMPL. 0.915
§ Organizational innovation = 1:
8 Ho: (b) C2=W111+W001-W011-W101 >/< 0 ? 0.53 0.467 0.01 0.905 1.33 0.248
& Complements (C2>0) / Substitutes (C2<0) NONE 0.233 NONE 0.452 NONE 0.124
c HO: (a) C1=0 & (b) C2=0
2 4.49* 0.010 1.29 0.525 4 55** 0.010
@ Process innovation = 0:
'g HO: (a) C1=W101+WO000-W100-W001 >/< 0 ? 4 47** 0.035 1.07 0.302 4.53* 0.033
g Complements (C1>0) / Substitutes (C1<0)COMPL. 0.983 NONE 0.849 COMPL. 0.983
E Process innovation = 1:
E HO: (b) C2=W111+W010-W110-W011 >/< 0 ? 0.02 0.896 2.24 0.624 0.02 0.875
& Complements (C2>0) / Substitutes (C2<0) NONE 0.448 NONE 0.312 NONE 0.562
< HO: (a) C1=0 & (b) C2=0
2 6.42** 0.040 3.56 0.169 3.54 0.170
& Product innovation = 0:
S Ho: (a) C1=W011+W000-W010-W001 >/< 0 ? 0.01 0.920 0.29 0.592 0.50 0.478
g’ Complements (C1>0) / Substitutes (C1<0) NONE 0.460 NONE 0.296 NONE 0.761
P . |
¢ Product innovation = 1:
§ HO: (b) C2=W111+W100-W110-W101 >/<0?  6.41* 0.011 2.24* 0.072 3.03 0.082
& Complements (C2>0) / Substitutes (C2<0) SUBST. 0.994 SUBST. 0.964  SUBST. 0.959

Nb of observations 9318 3627 5691

Nb of uncensored obs. 5215 2014 3201

Sources: CIS 4 (UK and France)

Significance levels at *** 1%, ** 5% and * 10%

Wijk refers to the exclusive innovation combinagothe combination of innovations forms (0/1, @M,) reflect whether a firm
has introduced a product, process and/or orgaaizatinnovation.

All the tests reject the independence betweendleeiton and the performance equation.
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Appendix 1: Testing complementarities-in-performance between forms of innovations for small
and medium firms (less than 250 empl.) and largerfns (more than 250 empl.)

Pool sample — Small and medium firms |

UK sample —Small and medium firms ‘

Frenchsample —Small and medium firms
Product Product Produu.:t
Innovation Innovation Innovation
(Prod) (Prod) (Prod)
= _— _— Pradn .
Process e e Organizational  Process Organizational  procegs m Organizational
Innovation  _ _ _ _ _ _____ Innovation  Innovation Innovation |, ouation Innovation
(Proc) rod=1 (Org) (Proc) (Org) (Proc) —— (org)
Complementsrity Complementarity Complementarity
~  Substitutability = === Substitutability = Substitutability
Norelation No relation Norelation
Product Product Product
Innovation Innovation Innovation
(Prod) (Prod) (Prod)

Org=

roc=1

org=0

‘org=0

Process Prod=0 Organizational  procass . Organizational  process Drganiza‘l.ional
Innovation Innovation 1 0yation Innovation  |pnovation . Innovation
(Proc) Prod=1 (Ore) (Proc) Prod=1 (Org) (Proc) Pro (Org)
Complementarity Complementarity
= Substitutsbility

Complementarity

*  Norelation

= Substitutability = Substitutability
+ Norelation g

' Norelation
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Appendix 2: Testing complementarities-in-performance between forms of innovations for
and high RD firms

Product
Innovation
(Prod)

Process Organizational
Innovation Innovation
(Proc) Prod=1 (Org}

Complementarity
= == Ssubstitutsbility

No relation
Pool sample — High RD
Product
Innovation
(Prod)

Process Organizational
Innovation Innovation
(Proc) (Org)

Complementarity

- — = = Substitutability
No relation

UKsample —LowRD Frenchsample —LowRD

Product Product
Innovation Innovation
(Prod) . (Prod)

Proc=1

Process

Organizational  Process Organizational
Innovation Innovation  |pnovation  _ _ _ _ _ e Innovation
(Proc) Prod= (Org) (Proc) rod=1 (Org)
Complementarity ———— Complementarity
= = = = Substitutshility = === Substitutability
st Norelation Mo relation
Product Product
Innovation Innovation
(Prod) (Prod)

Process feday Organizational  Process orsini231_i0"3|
Innovation Innovation  Innovation ... Inmovation
(Proc) Prod=1 (org) (Proc) m— (Org)

Complementarity

Substitutability = Substitutability
Mo relation - Mo relation

Complementarity
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