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Abstract:

Using a sample of 46 000 EU firms from the Communitnovation Survey, this paper
analyses the drivers of innovation adoption. In tast to most empirical studies on
innovation diffusion in which a specific technologg analyzed, this study covers several
countries and industries in the European Unionlolahg Van de Ven and Van Praag (1981),
Heckman’s method is applied in a context of binangdogenous variable to explain the
choices made by firms regarding innovation. Didtores are made between the internal
generation of innovation and the adoption of inrimra produced by others, as well as
between different types of adoption (produst process and cooperation-based adoptmn
isolated adoption). The study is focused on theaithpf users’ features and their cooperation
with suppliers on the adoption choices. The requdigst out that cooperation is a key driver
of adoption choices. Usual determinants such as $ize, absorptive capability or exports
would foster generation of innovation instead adtebn.
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Résumeé :

A partir d’'un échantillon de 46 000 entreprised’Haquéte Communautaire sur I'lnnovation,
(CIS), cet article analyse les facteurs a l'origaee 'adoption d’'innovation. Contrairement
aux travaux empiriques antérieurs qui considerenlesnent une technologie spécifique, cette
étude couvre plusieurs industries et plusieurs gayldJnion Européenne. Suivant I'approche
suggérée par Van de Ven et Van Praag (1981), laadétd’Heckman est appliquée dans un
contexte de variable endogéne dichotomique afixpliguer les choix des entreprises en
matiere d’innovation. On distingue en particuliar dénération d’'innovation et I'adoption
d’'innovation produites par d’autres, ainsi quedtits types d’adoption (produit vs. procédé,
adoption basée sur la coopération vs adoptionsémlde maniére autonome). L’'étude met
I'accent sur I'impact des caractéristiques dessatiturs et de la coopération avec les offreurs.
Les résultats révelent que la coopération est wteda clé des choix d’adoption. Les
déterminants plus traditionnels tels que la talks entreprises, leur capacité d’absorption ou
leur niveau d’exportation apparaissent en revarmdrame déterminants de la génération
d’'innovation plutot que de I'adoption de technokgjexistantes.

Mots clé : Adoption d’innovation, Diffusion d’innovation, Engte Communautaire sur

I'Innovation, Adoption d’'innovation de procédé, Aztin d’innovation de produit

Codes JEL :031, 033



1. Introduction

Although it is usual in academic research to reflathnological change to R&D investments
or the generation of new technologies, needlessatp that it is only when these new
technologies are broadly introduced into the econtimat their benefits will be realized (Hall
and Khan, 2003). Thus, the diffusion stage of thehmological change process becomes
almost the foremost phase. An extensive literatbedonging to various research fields
(agriculture, health, economics and management gnuaihers) studies this process of
innovation diffusiorf In this process, a specific attention has beemteevto the adoption
choices, e.g. to the decision to start using a meshnology, this latter being product
innovation, process innovation or management iniovaA lot of empirical evidence has
been provided, pointing out the existence of am&ped curve in most cases, with a low rate
of adoption in the early stage, followed by a gsmate until a saturation point. In spite of this
common feature, empirical evidence points alsdéogreat variety of the speed of adoption.
The length of each phase can greatly vary, from tesBnology to another, but also for a
similar technology, from one country or one regioranothet. This raises the question of the
underlying mechanisms of the innovation adoptiomcpss. The theoretical literature
identifies several potential determinant of the @am choice. However, we still miss a
systematic empirical evaluation of these factorse €urrent literature is based on case studies
that do not provide a general overview. Most of émapirical studies focus on a specific
technology and very few cross country comparisonscross industry comparisons are

provided.

This paper tries to fill in this gap by providingrdcroeconomic analysis of the determinants
of innovation adoption covering several countried adustries in the European Union. More
specifically, the aim of the study is to analyse tiivers of innovation adoption through the
development of proper measures and the analystseaihain determinants of this process in
the European Union. Based on the Community Innomaturvey (CIS), we suggest an
indicator of innovation adoption at the firm lewehich is based on the distinction between

firms developing their own innovation and firms @emg that their innovations have been

2 See for instance Geroski (2000) for a review.

% See Massini (2004) for a review of recent refinetsein standard epidemic models and their empirical
estimation.

* See Canepa and Stoneman (2004) who use datadiérora a number of standalone surveys in different
countries and show the difficulties of comparastedies on innovation diffusion.



developed “mainly together with other enterprisesirstitutions” or “mainly by other
enterprises or institutions” Such an indicatorwlous to distinguish between different kinds
of adoption (procesgs. product adoption, collaboration-based adoptsnsolated adoption).
The adoption choices made by firms are then exgthby the users’ characteristics, together

with an assessment of the role played by cooperaiedween users and suppliers.

It is worth noticing however, that using CIS ergagome consequences. Firstly, the
information about adoption is available for innavatfirms only. Theoretically, we should
therefore consider the innovation diffusion processthe result of a two-step decision
process: being innovative or not, at the first stepd adopting external technologies or
producing them internally, at the second step. M@dhogically, this means that our
estimation is exposed to the well-known “selectimas” (Heckman, 1979) requiring an
appropriate estimation method. The probabilitiesatiopt new technologies are estimated
following the method of Van de Ven and Van Praa§8(). This approach applies the
Heckman’s method in a context of binary endogenauigble. It is extended in order to cope
with the double selection bias that arises whenirpavith the different types of innovation

adoption.

Secondly, when focusing on the analysis of theamsshat lead to adopt an existing product
or process, instead of developing it within thenfithe study suffers from some limitations.
The database does not allow us to cover all thenpael determinants of adoption. In
particular, supplier features but also cultural amgtitutional characteristics of the
environment are not included. These unobserveduresitare accounted for all together

through industry and country dummies, only thetrinBuence is therefore observed.

The remainder of the paper is organized as folloWse main theoretical hypotheses are
discussed first (section 2). Then, the model aeditita are presented in section 3. The results

are discussed in section 4 and the last sectiomsuires the main conclusions.

2. Related literature and main hypotheses

Different theoretical approaches have been pursuelkscribe the rationale behind the main
characteristics of the adoption process. Mainlyettgyed within the innovation diffusion

literature, they generally confuse the decisioninieovate with the decision to adopt an
external technology. We'll see however that they raostly adaptable to our own analytical
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framework which consists in distinguishing amongawative firms the ones which best
participate to the diffusion process by their clofo adopt external innovations instead of
developing them on their own.

Basically, three main conditions for innovation ption can be pointed odt:
- being aware of the new technology, which is sidsby epidemic models,

- being able to use and adapt the new technolotycharefers basically to demand
models, although is also related to the supply smElels (where the ability of
suppliers to improve their products or processet atevelop complementary inputs

foster the adoption process),

- profitability of adopting the new technology, whi depends on the price, on the
expected returns, and on the level of risk.

These three conditions rely primarily on the chemastics of the potential users, but also on
the actions and features of the suppliers of thve teehnology (Hall and Khan, 2003), as well

as on the interactions between users and suppher®n the regulatory environment.

2.1. Users’ characteristics as determinants of imation adoption

From the demand side perspective, several facterkaly to affect the ability to be aware of

the new technologies and the ability to use angbtatthem (what is referred to in the literature
as the absorptive capacity), as well as the exgaeteirns of adoption: user’s investments in
human capital and R&D, user’s organizational innmraand users’ size and market features,

among the main ones, as we analyse below in depth.

User’s investments in human capital

The investments made by users in human capital glesucial part in their ability to adopt
innovations. This human capital is often a conditio be aware of the new technology and to
be able to use it. Along with the specific insibatl framework of each economy, the role
played by human capital in the absorptive capaoitya firm or an economy is well
documented. Nelson and Phelps (1966) argue, fanpbea how imitation and adoption imply

® See also Rogers (1995) and Hall (2005) for diffepgesentations of these conditions.



an investment in human capital. Hence, the higheriuman capital of a lagging economy,

the faster will be its technological catchup.

For example, “reverse engineering” on which a abersible part of innovation diffusion
relies, is more likely to be performed by enginettran by low skilled workers. A more
formal discussion of this hypothesis can be foumdhie works of Benhabib and Spiegel
(2005) or Basu and Weil (1998) where the adoptioveoy different technologies may imply
an increasing difficulty for the follower. Humanpstl may facilitate the absorption of these

distant technologies acting as an enhancing fdotdhe diffusion of innovation.

User’s investments in R&D

Similarly, investments in R&D made by users carmphatiapting the new technology. The
change in the conception of knowledge points oeatrtle of R&D as an absorptive capacity
(Cohen and Levinthal 1989, 1990, Jovanovic and REB9). A firm’s absorptive capacity
largely depends on the level of prior related krexlgle owned by the firm. Also, the ability of
a firm or an economy to use the results of reseeaffonts made by other firms or other public
and/or private research establishments depends ability to understand them and to assess

their economic potential.

It is important to note here that while the litera&t on innovation diffusion and absorptive
capacity insists on the necessary innovative cépeabi (especially R&D capacities) of

adopting firms, it is also clear that firms thahadevelop innovations in-house are likely to
have higher innovative capabilities than firms thialty acquire new technology developed by
others (Arundel, 2007; Huang et al., 2010). Coneatly, human capital and R&D capacities
would have a mixed effect, positive on the capaittinnovate but negative on the adoption

choice.

® Nelson and Phelps (1966) argue hiitnis clear that the farmer with a relatively higavel of education has
tended to adopt productive innovations earlier thia@ farmer with relatively little education [.f¢r he is better
able to discriminate between promising and unpramgisdeas [...] The less educated farmer, for whitra
information in technical journal means less, is geut to delay the introduction of a new techniquotl tne has
concrete evidence of its profitability”



User’s organisational innovations

Adoption of innovation often requires organisatiomaovation ( ICT adoption is a striking
example). Thus, the ability of users to make org@ional changes may enhance their ability
to use new technology, and therefore improve intionaiffusion (see Battistt al 2007 on
the ICT case).

Moreover, the kind of organizational structure risimportant determinant of how knowledge
flows inter and intra-firms. Lane and Lubatkin (89%r Lenox and King (2004) analyze, for
example, how the organizational structure of a finfluence the internal communication

processes therefore shaping its absorptive capacity

Size of the user’s firm

Size may impact on the profitability of adoptiondéed, it reduces the level of risk since it is
distributed over a large number of products. lbasduces the financial constraint. User’s
financial means are required to be able to adapnh#éw technology and to lower the critical
level of profitability. Indeed, as argued by Mask@600), imitation usually takes the form of

adaptations of existing technologies to new markeigation and adaptation of leading-edge
technologies imply a cost for the technologicalldaker. This determines the extent of
technology flows from a best-practice technologicahtier to the rest of firms or countries.

The costliness of imitation is widely observed ac#nowledged in theoretical and empirical
literature. Maskus et al (2004), Mansfield et &81), Coe and Helpman (1995) or Behnabib
and Spiegel (2005) point out how the cost of bbthddaptation and imitation of technologies
discovered at the frontier (or in other technolagj®ectors) is usually positive but relatively
lower than the cost of innovation. The larger tinen f the higher the financial means devoted
to the adaptation and imitation of technologieshibuld not be forgotten however, that, when
considering the choice between adoption and intenmavation, the cost argument implies

that large firm are more likely to innovate intdipmahan to adopt technologies produced

elsewhere.

Furthermore, the size of the firm is usually regarchs an important factor shaping the
absorptive capacity. A good deal of empirical excke seems to show how larger firms are
more likely to exploit their existing internal kntedge in order to diffuse knowledge
internally and increase their productivity (i.e.virghal and March, 1993; Dougherty and
Heller, 1994). Based on a join analysis of intrad anter-firms technological diffusion,



Battisti et al. (2007) state however that, although large firmgpadinnovations more
frequently than smaller firms, once the technolegyadopted smaller firms use it more
intensively than larger firms. Consequently, lar§lems would be more likely to choose

internal innovation against adoption of externahtelogies.

User’'s market features

The main characteristics of the market faced byemial users are also likely to influence

their propensity to adopt new technologies. Therditure has pointed out the role played by
the market share of the user (Hall and Khan, 2008 larger the market share, the higher
the incentives to adopt, because a large markee shereases the ability to appropriate the
returns from adoption. In addition to market shdhe market dynamisms may also imply
higher rates of adoption. In probit or rank modelemand growth is stressed as a positive
factor of innovation diffusion, because it increaslee expected returns. It should be noted
however, that such arguments are globally relevaneéxplain the propensity of firms to

innovate. It is therefore, not obvious to anticgdheir influence on the choice between

innovation and adoption.

Previous adopters

Finally, based on epidemic models, we can statetliganumber of previous adopters on the
market plays also a crucial part in innovation uifobn. According to the epidemic models,
the use of new technology is constrained by thebmimof people knowing the existence of
the new technology. As time proceeds, the expeegiesfcusers leads to the spreading of
knowledge on the existence of the technology. These the probability of being aware of

one technology rises with the number of previouspéels. The information regarding how to

use the new technology is also becoming more alajlancreasing the ability of potential

users to adopt it. Moreover, the profitability melyange along the diffusion path. Indeed, a
high number of previous adopters may give riseigbdr expected returns. This would be the
case in particular if network externalities ari€@nversely, the risk associated with adoption
decreases with the number of adopters. Adopteterdgeneity however must be considered
as a factor explaining the disequilibrium naturetioé diffusion process although most

diffusion studies neglect this aspect (Massini,Z900



2.2. Suppliers’ characteristics and interaction eten suppliers and users as determinants

of innovation adoption

As they concern the suppliers of the new technekghese determinants are more specific to
the adoption process than those presented abowh wfien apply to innovation as well as to
adoption. Most of the supply side models do not deactly with the adoption phase of the
innovation diffusion process. They instead put #mphasis on the ability to diffuse a

technology. However, this can impact for a partl@madoption choice made by users.

According to Rosenberg (1972) on the supply sideetlare several important factors for the
diffusion of innovation, for instance, the improvemts made to the technology after its
introduction, the invention of new uses for the dkthnology, the development of
complementary inputs such as user skills and athpital goods, and the like. In a more
global approach, Rosenberg (1972) points also latcharacteristics of the institutional

context and the regulatory environment as influegdactors.

More recently, the theoretical and empirical litara on innovation diffusion and technology
transfers shows that interactions between userssapgliers are required for innovation
diffusion to occur and that the regulatory envir@mnis an influencing determinant of the

quality of these interactions.

Supplier’s innovative and financial features

New technologies are rarely commercialized in thary first version. They need to be
improved and adapted to the specific needs of u3és capability of suppliers to improve
their technology but also to provide users with ptementary products is very important.
Moreover, the price is often high at the first stag innovation diffusion. In order to ensure a
higher rate of diffusion, suppliers have to perfanmovation in order to reduce the costs. For

these reasons, the R&D and innovative capacityeaf technology suppliers is thus essential.

Supplier’s financial means are of course importartte able to adapt the new technology (to
cover the R&D costs) as mentioned above. But firdnoeans play also a role to inform

potential users, for instance as in Tonks (19869 whts the stress on the advertising costs.
The edition of users’ guide may also generate itaporexpenditures (in the aerospace

industry for instance).



As stressed by the epidemic models, these diffdeamors stemming from supplier features
(cost reduction, complementary products, etc) aalifated by the number of adopters
already present on the market. In other words, vahon diffusion may be driven by

suppliers and users interaction, as reviewed next.

Interaction between users and suppliers

An important result of both the theoretical and @roal literature is that technology transfers
do not happen spontaneously. The distinction magéRbdgers (1995) on hardware and
software indicates that some information is taand requires interpersonal contact to be
transmitted. Therefore, being aware of the techmpland being able to adapt it requires
effective contacts between suppliers and usersrdations between users and suppliers are
required for innovation diffusion to occur. Thestationships support two distinct kinds of

exchange between suppliers and users:

- Exchanges of tangible assets: Innovation diffasitay rely on flows of products and
services that allow imitation, reverse engineeritgghnology transfers, ... For this
reason, trade is an important driver of innovatiiffusion. Coe and Helpman (1995)
and Coe et al. (1997) argue that international Rfailovers are substantial and that
trade is an important channel of such spilloverarkdsen (1989), Verspagen (1997)
and Keller (1999) analyzed initially the impacttfde (and in particular of the import
of intermediates) on the diffusion of technologydannovation within and across
countries. Empirical studies such as Syrquin aneén€hy (1989) or Sachs and Warner
(1995) provided a solid evidence of the positivepatt of trade on technology
diffusion and growth.

- Exchanges of intangible assets: Ideas are nelyficcessible to everyone. They are
instead, at least partly, embodied into people 8syd988). Therefore, the diffusion
of tacit knowledge and their absorption would relg effective interpersonal
interactions. Studies exploring this issue consise main kinds of interactions:
the face to face relationship, on the one hand,thedcuman capital mobility, from
one institution to another or over space, on theeohand. More recent research
suggests that, beyond direct relationships, thegnation within networks is a key
factor for knowledge diffusion and thereby for ination diffusion (Autant-Bernard
et al. 2010).
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From this viewpoint, the organisational structufette economy as well as the regulatory

environment plays a crucial part.

Regulatory environment

A specific field of research refers to the roleygd by the intellectual property rights
regimé. We will not review it here. Let us just note thathas an impact on all the
conditions of the innovation diffusion: it producgsositive effects by improving
awareness about the new technologies, it also ghamntives to suppliers to improve the
technology or to develop complementary technolggieg on the opposite, it generates
negative effects on the price, since royalties htvebe paid. Therefore, its impact on
innovation diffusion is not unidirectional espebtyalvhen it is considered as an alternative to
internal innovation. If, on the one hand, incregdime protection of IPRs theoretically ensures
the innovator to be rewarded for its investmenR&D it is argued, on the other hand, how
strengthening IPRs protection significantly raisies costs of imitation and thereby hinders
adoption processes. The use of strategies to serappropiability is expected to increase
with the level of investment in activities that duze novel innovations. Therefore technology
adopters are expected to use fewer approprialstitgtegies that R&D performing firms
(Huanget al, 2010).

Other researches point that concentration faatdor suppliers to adapt the technology to
potential users (see Lundvall, 1992). At the samme,t competition increases adoption by
lowering prices. Market structures are also pointsd a determinant of the level of
interactions between users and suppliers. Thenrdbon and technology flows are favoured
by vertical and horizontal integration. This latiecreases effective contacts and the flows of
both tangible and intangible assets. Spatial canaton also facilitates for users to be aware
of the new technology, and reduces the risk byfeeiing local trust. The information and
communication technologies ease interpersonalioakttip and they give a better access to
information, thus facilitating awareness aboutribes technology.

The determinants of innovation adoption are theesfoumerous and not surprisingly, no

empirical study covers all of these potentials eir$f In order to provide a better overview of

" See Surinach et al. (2009) for a review.

8 Studies based on micro data generally considenskes and suppliers features and their impachoaoviation
diffusion whereas other studie®mre ofterbased on macrodata analyse the impact of the tegulenvironment
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the determinants of innovation adoption, the rew@inof this paper implements an
econometric model based on CIS microeconomic datarmg different EU countries and

several industries.

3. Methodology

Whereas existing analyses of the determinants onbvation adoption refer to specific
technologies, we will consider here the determimanft adoption of innovation in general

terms, without specifying any particular technology

Compared to previous studies, we also cover a warset of potential drivers of innovation

adoption. It will not be possible however to coa#iithe potential factors. The main feature of
the regulatory environment, as well as the supplieharacteristics cannot be accounted for
with a micro database focussing on potential adeplighe focus is therefore upon the users’
features and their cooperation with suppliers. \Wkele that the most important drivers are
considered here, but it is important to keep indrtimat the error term as well as the dummy
variables may bring together a set of other deteants of innovation adoption, for which we

will measure only a net effect.

3.1. Use of the Community Innovation Survey

This research work is based on a sample of 46 @%6reations coming from the CIS3 micro
anonymized dataset provided by Eurostat. It analys®vative activities carried out between
1998 and 2000 by EU firms.

In the CIS survey, the definition of innovation eos both the generation of innovation and
the adoption of such innovation. Therefore, it barused to analyse the process of innovation
diffusion, by identifying innovation that relies @m adoption process. We first explain how
we proceed to distinguish adoption and generatfoanmmvation. Then, we suggest indicators

likely to characterize the nature of adoption.

(IPR, competition and market feature, trade, FIt).eSome most recent studies include also thedotens
between users and suppliers. See Surinach e8i9)2or a review.

12



For each firm, the CIS gives information on the whag product and process innovations have

been developed. Firms have to choose betweendhsseers:

- innovation developed mainly by the firm

- innovation developed mainly together with othiemé or institutions
- innovation developed mainly by other enterprisemstitutions.

Therefore, we will consider that innovation adoptmccurs as soon as the firm declares that
its process or product innovations have been dpedlo“Mainly together with other

enterprises or institutions” or “Mainly by otherterprises or institutions”.

It is worth mentioning that our definition does rattictly account for adoption in the sense
that innovation developed together with other gntses can rely on knowledge sharing more
than on innovation diffusion. However, as mentioiethe literature review (section 2) most
studies stress the importance of effective collation to adapt the technology and make it
suitable for the adopter. This is thus relevantdosider that in many such cases, innovation

diffusion occurs.

Furthermore, firms are asked about their “main” wajnnovation. Therefore, some firms are

excluded from the definition above while they dtyren innovation adoption, but this is not

their main way of innovation (some firms answeritigat their innovations have been

developed mainly within the enterprises or the groway be at the same time adopters of
innovation developed elsewhere). We are therefovenl to consider that adoption is done by
the firms whose product or process innovationsdaeeloped mainly together with other

firms or mainly by other enterprises, and thattal information they provide regarding inputs

and outputs concerns this kind of innovation. Timplies also that, we do not have, for each
firm, the number of innovations that fits with thiefinition, which prevents us from

accounting for the extent of adoption.

In spite of these drawbacks, the CIS provides ub wilarge sample of microeconomic data,
covering 14 EU countri@ésand most industries, allowing for the first timesgstematic

evaluation of the determinants of innovation adwptvithin the EU.

° Belgium, Bulgaria, Czech Republic, Estonia, Sp&meece, Hungary, Iceland, Lithuania, Latvia, Noywa
Portugal, Romania and Slovakia.

13



3.2. Model

The dependent variable measures the fact thatithe fas chosen an adoption strategy
against the internal innovation strategy. More gedg, the decision to adopt an innovation
(product or process) is estimated by means of arpiohoice model. The profit associated
with adoption is considered to be the latent vd@iaBince a measure of this profit is not
available, a probit model is used where the depanviable takes value 1 if firmadopted

a product or a process innovation (developed bgrstbr in collaboration with others) and 0

otherwise. Adoption is assumed to occur if the eissed payoffs are positive.

For each firms, adoption is assumed to occur if amigt if the expected profit, noted, is

positive. So, the probability that adoption occurdirm i isP = P(1, > 0). For each firm,

the profit associated with adoption is given by:
(A.1) n, =V, +¢

whereV, is a function of all the characteristics of fiinlikely to impact on the decision to

diffuse. &, is a random perturbation. A linear expressiorhissen forV, :

(A.2) Vi =pX

where X, is the vector of the observable characteristicBriof i and S is the vector of the

parameters to be estimated.

Only innovative firms (in terms of product or prgsg are included in the sample, so that the
absence of adoption cannot be explained by thenabs# innovation. Therefore, the analysis
focuses upon the reasons that lead to adopt atingxiechnology or a process, instead of

developing it within the firm.

The firm features are drawn from the theoreticabligs detailed in section 2 of this paper.
Eight variables are included:

First of all, the equation of innovation adoptiocludes the turnover of the firms, (LNTURN)
in order to measure the firm size effect. As mergtbabove, a positive effect of this variable
can be expected on the propensity to adopt a témipovia the absorptive capacity of the
firms. However, a large size may also reduce thapgnsity due to the fact that we consider

here the choice to adopt against the choice tovameanternally.

14



The absorptive capacity of firms does not only retya size effect. It is usually associated
with the level of skill within the firm or with thResearch and Development investment made
by the firm. For this reason, we include in the an the number of workers with higher
education (LNEMPHI) as well as the total innovatespenditure (LNRTOT). A high level
for these two variables is likely to facilitate tadoption process. However, it also enhances
the capacity of firms to internally innovate. Esditions will allow us to better appreciate their

relative role in these two processes.

As specified above, IPR may also play a crucial pathe way innovation is likely to diffuse
across firms. The variable PATENT takes the valuietiie firm uses patent protection and 0
otherwise. Note however that this variable is obs@rat the firm level. Therefore it cannot
account for the impact of the IPR intensity thavails in the sector. This variable measure to
what extent firms with patenting policies are mbkely to adopt innovation than firms with
no patent policy. On the one hand, a positive frthe associated parameter can be
expected. Since adoption may lead to new innovatmatenting firms may have more
incentives to adopt. On the other hand howeveggative sign may also occur if there exists
a trade off between own firm innovations and adwoptin this case, patenting activities may
characterize firms that mainly innovate by themsg)whereas mainly adoptive firms would

have a low propensity to patent.

Adoption of innovation is also closely linked iretliterature to the ability of firms to adapt
their organizational structures. The dummy varidbRGA is introduced to account for this
potential effect. A positive sign of the associateéfficient is expected. Firms that introduce

organizational innovation would be more likely tboat new technologies.

The public financial supports have also been hgyitid as a positive factor for innovation
adoption. A dummy variable, labelled PUBLIC, acctufor this potential effect. A positive
coefficient is expected, even though this couldetelpon the relative weight of the diffusion-

oriented public aids.

In order to account for innovation adoption drivientrade, the level of exports of the firm
(LNEXP) in introduced. A positive impact would idite that the innovation diffusion effect
exceed the competitive effect due to internatiqgurassure. This latter might indeed incite

innovative firms to be leader instead of follower.

The interactions between users and suppliers andgal by a dummy variable (COOP) that
takes value 1 if the firm has been involved in caagion activities for its innovation.
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In addition to these variables, we also includ¢him estimation a dummy variable indicating
whether the firm belongs to a group or not (GP)lthough the literature does not stress this
point, it appears that this can affect the abiidyadopt an innovation. On the one hand, one
can consider that belonging to a group increase®piportunities to adopt technologies. On
the other hand, due to the way our dependent \arigbbuilt, a negative sign may be
expected. Indeed, innovations adopted from the iredea of the group are excluded of our
definition of adoption. Therefore, if firms thatlbeg to a group rely on innovation developed
by the remainder of the group, this will reduceirttehare of adoption based on external
innovation only (which is our definition of adoptip More practically, it is also important to
control for this characteristic because some firayinave answered certain items referring to
the whole group instead of the firm only.

Finally, both industry and country dummies are udeld. These variables measure the net
effect of all the industry and country specifictiegas (Competition, IPR system, geographical

distribution, etc.) that impact the innovation pess.

From a methodological point of view, adoption cleois only observed by the enterprises
which have decided to innovate. Our estimationhisré¢fore exposed to the well-known
“selection bias” (Heckman, 1979). Consequently,ceose to estimate the probabilities to
adopt new technologies following the method of @ Ven and Van Praag (1981). This

approach applies the Heckman’s method in a context of irsxdogenous variable.

For this reason, we estimate three main equatiBgsations i) explains the innovation
decision meanwhile equations ) and {v) explain the innovation adoption decision. Equatio
(i) can be referred as the selection equation. Tlodein() allows for the calculation of the
Inverse Mills’ Ratio (IMR) for the computation dii¢ model ify). Equation i) in Table 1 is
our main equation of interest. Equatiain)(is the model of adoption estimated by a standard
probit method, without selection bias correction, drder to allow the comparison with
equation i) including IMR. Equation i() is an alternative selection equation that was
estimated to check the robustness of equatjorit (s estimated to distinguish the effects of

exports (LNEXP) from the crossing variables of thedel ().

19 This is an item from CIS. A firm belongs to a goowhen more than 10% of its capital is owned bytlago
firm.

™ This method (also used by Sollogoub and Ulrich99)9includes a heteroscedastic correction for robus
standard errors.
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In order to respect identification condition, eqgoas () and (i) (related to innovation)
include variables that are different from the amguded in the adoption equatiomis andiv).
Concerning identification condition, at least oragiable of the model-{i) must be excluded
from model {ji-iv). EST is a dummy variable indicating that the fwas newly established
during the period 1998-2000. The variable EST issatered sufficiently correlated with the
innovation decision but not correlated with the @dmn decision. This variable is likely to
impact negatively the decision to innovate. Thidug to the definition of innovation retained
in the CIS. It is clearly mentioned in the CIS ugarde for the respondent that, in all cases,
the innovation or improvement must be consideretefarence to the enterprise. They may
not necessarily be innovations or improvementdhermarket or relatively to the enterprises
of your sector (or of any other firm). An additiém@m is devoted to product innovations that
are new to the market as well. Therefore, everoifes new firms are set up because they
provide new product or process compare to othemsfirthese innovations are not new in
reference to the firm previous activity. As a cansance, new established firms are unlikely
to be registered as innovating in the CIS. A firmthvonly one or two years of life is indeed

less likely to change its product or process tHderdirms.

Other structural changes faced by the firm duriveggeriod 1998-2000 are also included. The
variable TURNINC is a dummy variable that takesueal if the firm increased its turnover
by 10% or more, due to merger with another entegpar part of it. Similarly, the variable
TURNDEC takes value 1 for firms that experiencedearease in their turnover of 10% or
more due to sale or closure of part of the entegprA positive impact of TURNINC is
expected. The merger with another enterprise @tas together with a re-organization of the
production process and/or with a redefinition a# fhrm product range. Conversely, the sale
or closure of part of the firm is usually assodaiatgth a reduction phase of the firm activity,

rarely associated with dynamism in terms of innimvat

Following Mairesse and Mohnen (2002), a size végidhNWTURN) is also added in the
model (-ii). This variable captures the firm turnover. In@artb make the specification of our
innovation equation different from our adoption atjpn however, this variable is crossed
with the industry specific effects. LNWTURN is thtise enterprise sales weighted by the
share of sales generated by the industry to wiiierenterprise belongs. This measure of size
reflects access to finance, scale economies, affieratices in the organization of work.
Therefore, a positive sign of the coefficient asstec with this variable is expected. The

group membership variable (GP) is included as vtins that are members of a group are
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expected to benefit, for instance, from intra-gré&mpwledge spillovers and internal access to

finance.

This first stage includes also the variable LNEXRe rate of export is known as a factor that
stimulates competition pressure. Therefore a p@sitnpact on innovation is expected. The
other explanatory variables that are included in adoption equation (COOP, PUBLIC,
ORGA) cannot appear into this first stage. Thegeabbes are observed for innovative firms
only. Similarly, the industry dummies are not imuged in these first stage equations. The
correlation with LNWTURN is such that multicolinégr would arise in a specification

including industry dummies.

Estimations are first run on the whole sample. & is to study the determinants of the
adoption of an innovation, this latter being pradac process innovation. One can think
however that the underlying mechanisms are difteaecording to the nature of innovation.
In order to assess the very existence of suchrdiftes, estimations are then run separately

for product innovation and process innovation.

4. Results

In the first section, the determinants of innovatiadoption in product and process are
discussed while in the second section we commenintfiovation adoption according to the

nature of innovation.

4.1. Innovation Adoption in both product and proces

The preliminary results are reported in table holation equation results are reported in
columns {) and {i), while columns i(i) and (v) report the adoption equation results,
respectively without and with the selection biagection. We firstly briefly comment on the
innovation equation results. After that we focusagloption equations, our main equations of

interest.

Model () and (i) reveal that the firm size, measured by the fiumaver, weighted by the
industry turnover (LNWTURN) as well as GP (i.e. nimrship of a group) exert a positive

impact on the firm propensity to innovate. Thesults are consistent with those obtained in
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previous studies (Mairesse and Mohnen, 2002). énstime way, the number of workers of
higher education level (i.e. LNEMPHI) influencesspively and significantly the probability
to innovate. A positive effect is found for thenfirexportations (LNEXP). The crossing
variables of LNEXP with the type of market — lo¢aé. LOCMAR), national (i.e. NATMAR)
and international (i.e. INTMAR) — suggest a gredienefice of exportation with a higher
competition (i.e. NATMAR and INTMAR). This positiveole of foreign exposure is
consistent with the results obtained by MairesseMahnen (2005). Using a dummy variable
indicating whether or not the international marisethe main market or not, they observe a
positive and significant impact on innovation. llgshew established enterprises (EST) have
smaller probabilities to innovate. The variablesRNUNC'? (i.e. an increase of turnover of
10% due to merger with other enterprise) and TURNEE a decrease of 10% of turnover
due to closure of an enterprise part) have remékapbnmetric effect, respectively positive

and negative.

From the modeliy¢), the inverse Mills’ ratio is not significant. Thcorrection captures some
negative trends of intercept and the correctiorthenother variables is weak. Despite these
results, we choose to comment our results fraiw), Gince this model include a weak

correction of selection bias.

Our results suggest that the variables influenguogitively the probability to innovate
influence negatively the probability to adopt a rteshnology*®

The global quality of the model is not very high.eV8ucceed in predicting innovation
adoption behaviour for 63% of the sample only. $&vather specifications have been tested

but none of them increases the explanatory power.

The firm turnover (expressed in logarithm, LNTURM)erts a positive and significant
impact, supporting the idea of a positive size affan innovation adoption. The coefficient
associated with research expenditure (LNRTOT) s expected sign. The significance
however, disappears once the selection bias isuated for. The amount of R&D does not
appear as a specific feature of adopting firms, gama to firms that generate innovation.

On the opposite, the number of workers with a higdaication (LNEMPHI) has a significant
and negative coefficient. This is consistent witle tfact that only innovative firms are

considered in our sample. Firms that do not adopbvation are firms that innovate by

12 This variable also reflects a structure changepanbably a need of new technology.
13 This result is also confirmed by the sign of estied coefficient of the inverse Mills’ ratio.
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themselves. Therefore, they hire a larger numbdnigif skilled workers. Among innovative
firms, those with the lowest number of high skilledrkers are more likely to build their
innovative strategies on external knowledge, ang tb adopt innovation developed by other

firms.

The variable PATENT exerts a negative impact ad.vtms that base their innovation

strategy on legal protection are primarily thosewkenerate internal innovation.

[insert table 1 about here]

The coefficient associated with the dummy varigBR has a negative sign, which was the
expected sign. Firms that belong to a group haweldoates of adoption. This is due to our
definition of adoption. Within group adoption iscoeded as generation of innovation, and not

as adoption.

The idea of organizational innovation as a pre-i®tpi to adopt technology developed
outside is only partly confirmed. The coefficierfttbe corresponding variable (ORGA) is
significant at a 10% threshold only. This does m&an organizational innovations are not
necessary, but they do not play a very specifie mh adoption compared to “internal”

innovation.

According to the positive coefficient associatedhwthe variable PUBLIC, public financial
support would provide incentives to adopt. Pullieding of innovation would be efficient to
foster adoption of innovation, more than generatibmnovation. This could result from the
type of instruments used by policy makers, butam @lso result from a different level of
incentives associated with generation and adopifonnovation. One may hypotheses that
incentives to generate innovation (due to temparahopoly power) are high enough to lead
firms to produce innovation. Incentives associatéti innovation adoption would conversely

be more reduced, and public policies would haveoeeraritical impact on firm choices.

Regarding the channels through which trade may atnga innovation adoption, the negative
effect of LNEXP (the amount of exported sales egpee in logarithm) is unexpected.
Theoretical model as well as empirical studies hsivewn the positive impact of trade on
innovation adoption. Once again, we must be cardfulinterpreting this coefficient.

Compared to innovations developed within firms, @xp exert a negative effect on

innovation adoption. However, the global impact immovation remains positive. This
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interpretation is clearly confirmed by our firsagé estimation. In the innovation equation,
LNEXP has a positive and significant coefficienhefefore, it appears that exports impact
positively on both generation and adoption of irat@n, compared to the non innovative

choice.

The effect of cooperation on adoption is convergmgitive. Among innovative firms, the

ones with cooperation activities are more likelyabopt innovation, while non cooperative
firms are more likely to generate innovation. Thissult corroborates the theoretical
hypothesis. Cooperation is a powerful driver ofowation adoption. It should be noted
however, that the potential impact of cooperationtioe propensity to innovate cannot be

addressed here, since the cooperation variablessreed for innovative firms only.

4.2. Innovation Adoption according to the nature ofnovation

Innovation adoption may be driven by different @astaccording to the nature of innovation.
In order to evaluate these potential differentiagéfdcts, this second part explores separately
firms that introduce product innovations and thibse introduce process innovations.

Product Innovation Adoption

We consider here a sub-sample of firms, thoseitinatvate in product (being they innovative
in process as well or not). This way, we are gdm@gnalyse the impact of our explanatory
variables on the decision to adopt a product intiomaor to develop it within the firm.

Table 2 gives the results obtained for the sameifsgions as in Table 1. A selection bias
arises once again in this estimation. Informatiegarding product adoption is available for
product innovative firms only. Therefore, in a fistage, the propensity to innovate in product

is estimated.

The equation selection)(is estimated using all the observations in thea. It differs from
selection ) since the dependent variable takes value 1 iffitine has introduced product
innovation during the period 1998-2000 and O otlisew(e.g. if firm has not introduced
innovation at all, or if it has introduced proceesovation only). The lambda parameter
accounting for the selection bias is not significand the results obtained for equatior) (

and ii) are very similar.
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They show that the prediction power of the modehigher than on the whole sample.
Regarding the control variable, the effect of hurnapital (LNEMPHI), intellectual property
strategy (PATENT) and belonging to a group (GP)warehanged, with a negative sign. The
impact of R&D expenditures (LNRTOT) becomes sigrafit and negative whereas the size,
public policies and organisation innovation varegbl(LNTURN, PUBLIC and ORGA)
becomes non significant. The influence of exportdoees non significant. Cooperation is
confirmed as a key driver for product innovatiomjaiibn.

[insert table 2 about here]

Process Innovation Adoption

This subsection assesses the impact of our explgnaariables on the decision to adopt a
process innovation (see Table 3). We consider hesab-sample of firms that innovate in
process. The selection bias we have to deal with isedue to the propensity to innovate in

process.

The selection equationvi(i) does not differ from the one of product innovatiolrhe
determinants of product innovation are almost simib those of process innovatigxcept
for the size variable (LNWTURN) that exerts a p@sitimpact on process innovation, as it

was already observed for total innovation.

As already observed for the product innovation saimple, the explanatory power is slightly
higher than with the whole sample. This improvemsiitowever lower here than for product

innovation if we consider the equation correctadie selection bias).

Several differences appear compared to productvatiom. First of all, the size effect
captured by the variable LNTURN is significant. gar firms are more likely to adopt

process innovation than developing them by theneselv

Public funding is also significant. Public financsapport would foster process adoption more

than product adoption.

Similarly to product adoption, the coefficient asisted with the introduction of

organizational innovation is again non significant.

Concerning the exchange variables, Export is ngnifstant whereas cooperation remains
positive and significant. The coefficient is sligh$¢maller however, than the one observed on
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product adoption (the marginal effects that allesvte compare the value of the coefficients
are respectively 0.119 for product and 0.097 farcpss, and the difference is statistically

significant). Cooperation would favour product iration more than process innovation.

[insert table 3 about here]

Cooperation-based adoption vs. other organizatiasda adoption

Our definition of innovation adoption relies on tdiferent items regarding the way product
and process innovations occurred. The first onersefo “innovation developed mainly in
collaboration with other firms or institutions”, vida the second one deals with “innovation
developed mainly by other firms or institutionsThese two items pointed two different ways

of adopting innovation. Their determinants mayetiff

In order to examine this issue, estimations areen@mhsidering as dependent variable the
choice made by firms between the adoption develapeghly in collaboration and the

adoption developed mainly by other firms or indidns.

Therefore, two selection biases are faced. The dimg, as in previous estimations is due to
the rejection of non innovative firms. The selectiEguation is the same as the equatipn (
reported in Table 1. In addition to that, a secealéction bias can appear as our estimation is
conditional to the adoption of a new technologylded, in order to analyse the way adoption
occurs, we reject from the sample of innovativenfiy those firms that mainly develop their
innovations by themselves. To say it differentlglyoadoptive firms are observed in our final
equation. Therefore, two selection equations aed@@ to account for the two restrictions
imposed: only innovative firms, and among themyadoptive ones. The following diagram
summarizes the potential biases:
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Innovation Decision

NO

YES

Adoption Decision

YES

Selection Bias

NO

Selection Bia o ,
Other Organization-based Adoption

Cooperation-based Adoption

The second selection bias is corrected using estimdiv). Consequently, modelxi{)
estimates the probabilities to adopt a technologyetbped by other organizations or
institutions (modelxj) is estimated without bias selection to allow camigon)** In order to
respect the identification condition, the LNTURNradle is assumed to influence the choice
to adopt an innovation, and not the way adoptianasle “in cooperation” or “in isolation”.

The estimations are reported in Table 4 below. €oning the selection equations, lambda is
significant. The inverse Mills’ ratio captures usebvable effects included in the intercept
suggesting that correction is needed. The selediias is positive, which means that the
unobserved characteristics affecting positively phebability to adopt influence positively
the probability to adopt product or process devedbjpy others. Conversely, they affect
negatively the probability to adopt by cooperation.

Equation xii) shows that several significant differences appesaween adoption made in
cooperation and in isolation. Four explanatory afales influence significantly the way
adoption is made. The higher the level of highlyeded workers and export, the lower the
propensity to adopt innovations developed by otk&nsl hence, the higher the propensity to
adopt innovations by cooperation). Similarly, bgmy to a group and using patent
protection reduce the probability of adoption madeisolation (and hence, increase the

probability of adoption made by cooperation).

14 See Guironnet (2006).
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[insert table 4 about here]

The correction of the second selection bias magigbstantially the level of significance of
the variables that account for organizational iraimn (ORGA) and cooperation activities
(COOP). This means that, once the selection biacd®unted for there is no significant
impact of these two variables on the choice betwaspting innovation in collaboration or
adopting innovation developed by others. This mightinexpected for the variable COOP. A
positive impact on the propensity to adopt in dmdia@tion would be more intuitive. This
result may come from the specific definition of pecation used in the CIS. It refers to formal
R&D cooperation whereas adoption would rely maioty non R&D and/or more informal
relationship.

5. Main conclusions

Considering the diffusion stage as the foremoggestaf innovation, many innovation public

policies have focused on this stage and tried forawe the adoption process. There is no
doubt however, that the global rate of diffusionthvi an economy is dependent of the
innovative strategy of firms and especially, whieeytinnovate, of their choice to innovate on
their own or to acquire innovation made with ordifier organisations. Using data from the
Community Innovation Survey, this paper assessesripact of different determinants on the

adoption of innovation by firms. Several conclusi@mise.

Once taken into account the variables which explaéir innovative nature, several internal
characteristics of the firms produce a positive actpon their choice to adopt external
technologies. The size of the firm positively imigathe choice to adopt external innovation.
But its effect is due to process innovation andsdoa& occur for product innovation diffusion
showing a higher importance of internal capacitteghe adoption of process innovation than
for product. This means that among the innovatined, this is the smaller ones that mainly
choose to internally develop their own process wation whereas the larger firms mainly

adopt process innovation produced elsewhere.

Public financial support acts as incentives to ad&upblic funding of innovation appears

efficient to foster adoption of innovation, morathgeneration of innovation in itself. This is
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certainly due to the use of numerous transfer-tegkpolicy instruments and this is especially

true for process adoption.

The capabilities of firms to introduce organizaibohanges is also positively associated with
adoption, but weakly significant. Consequentlyisitertainly a facilitating factor but it does

not appear as a strategic factor in the choicelopton.

On the contrary, other users’ characteristics prtedunegative impact on the choice to adopt.
This is the case for membership of a group andrpbge capabilities measured by highly
educated workers, while R&D expenditure have a tneg&ffect for product innovation only.
This runs counter traditional theoretical modeietl as empirical studies. This is due to our
specific sample that covers only innovative firm$ie selection equation highlights that a
positive impact occurs on innovation. Among thdedtént ways of innovation however, they
foster internal generation of innovation insteadadbption which is quite understandable
given the importance of the internal opportunivésliffusion and exploitation of innovation
offered by groups well endowed with skilled workeFbe patent variable has also a negative
effect which is not surprising. Intellectual protyestrategies are generally associated with a

high rate of internal innovation.

The role of trade as a channel of innovation diffass measured though the export variables.
In most cases it shows a negative effect on thieigiliin of innovation. This runs counter
traditional theoretical model as well as empiristidies but, once more, it is probably due to
our specific model which distinguishes effects mnovation from effects on the diffusion of
innovation. As usually supposed trade has a pesiind significant effect on innovation.
However, among firms which have innovative actestitrade has no significant or
significantly negative effect on the choice to adoystead of generate innovation. As no
variable accounting for competition has been iratgt within the estimation, one can also
assume that the export variable gathers interrdtigmenness as well as competitive pressure
effects on firms. As competition often appears asfavorable for cooperative innovation,

this might explain the results.

Indeed cooperation has a clear positive effedndteases the ability to adopt both product
and process innovation. The impact is however higimeproduct adoption than on process
adoption. Let us note also that this variable do&simpact differently the choice between
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adoption made in cooperation and adoption madsalation. Cooperation would thus be an

important characteristic of adoption, whateverwhas this adoption is made.

Finally it should be noted that, contrary to cogpen, many factors impact on the way
adoption is made. Higher education, legal protect{patents), ownership by a group,
organizational changes, public funding of innovat@nd exports are the main drivers of

cooperation-based adoption. They conversely inftaeregatively adoption made in isolation.

All in all, we have disentangled the effects ofigas determinants of diffusion at different
stages of the microeconomic processes of innovaiitmption. When defining public policies
instruments aiming at enhancing the rate of innowadiffusion within an economy, it should
not be forgotten that they impact, at the same,tonethe mere decision to innovate, on the
one hand, and on the decision to adopt externhhtdogy instead of producing it, on the
other hand. Concerning patents policy for examgiatvit is important to bear in mind is the
balance between innovation production (boostedhbyenforcement of patent strategies) and

innovation adoption (slowed down by patent stragyi

Apart from the cooperation factor which positivepmet appears whatever the circumstances,
the role and the importance of these determinatéstified vary according to the type of
innovation (producvs. process innovation) or to the type of adoptionhage considered (by
cooperation or through direct purchase from otlvend). Policy makers should keep this in
mind for example, when elaborating policy instrutseaiming at enhancing the absorptive

capacities of firms or their export and organizagiogperformances.
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Table 1. Total Innovation Adoption

Variables Innovation  Innovation Adoption eq. Adoption eq.
Selection eq. Selection eq. without correction with correction
(i) (i) (iii) (iv)
Intercept -1.535%** -1.076*** -1.109%** -0.627*
(0.063) (0.046) (0.141) (0.257)
LNRTOT nc nc 0.015* 0.0002
(0.007) (0.003)
LNTURN nc nc 0.047*** 0.044+*
(0.010) (0.009)
LNEMPHI 0.200*** 0.232%+* -0.058*** -0.075*
(0.006) (0.005) (0.012) (0.023)
PATENT nc nc -0.176*** -0.178***
(0.025) (0.024)
GP 0.190*** 0.184*** -0.229*** -0.250***
(0.019) (0.018) (0.028) (0.031)
ORGA nc nc 0.076* 0.061*
(0.031) (0.029)
PUBLIC nc nc 0.096*** 0.110***
(0.028) (0.027)
LNEXP nc 0.024*+* -0.006** -0.008**
(0.001) (0.002) (0.003)
COOP nc nc 0.496*** 0.487*+*
(0.027) (0.026)
TURNINC 0.109*** 0.105*** nc nc
(0.028) (0.027)
TURNDEC -0.105** -0.105** nc nc
(0.034) (0.033)
LNWTURN 0.057*** 0.023*** nc nc
(0.005) (0.003)
LNEXP*INTMAR 0.021%+* nc nc nc
(0.001)
LNEXP*NATMAR 0.029*+* nc nc nc
(0.002)
LNEXP*LOCMAR 0.014%* nc nc nc
(0.002)
EST -0.232%** -0.361*** nc nc
(0.036) (0.033)
Sectoral Dummies (7) no no yes yes
Country Dummies (14) yes yes yes yes
Lambda nc nc nc -0.210
(0.148)
Percent concordant 77.5 76.9 63.8 63.4
Likelihood -23996.31 -24027.49 -9223.66 -9222.63
LR test (Beta=0)* 9848.80***  9786.45*** 841.55%** 843.62%++
LR test (dummies=0) 2287.84***  2323.87*** 150.26*** 152%**
Observations 46010 46010 14445 14445

Note: LNRTOT : Total innovation expenditure of the firaNTURN : turnover of the firmsLNEMPHI: higher
education-skilled workforcePATENT: takes the value 1 if the firm uses patent protectiad 0 otherwiseGP:
dummy variable indicating whether the firm belotigsa group or notDRGA: dummy variable for organizational
structurePUBLIC : public financial supportd,NEXP: exports as in CISCOOP: firms cooperate in innovation,
LNWTURN : Firm turnover weighted by industry turnovéNTMAR : mainly international markeNATMAR :
mainly national market, OCMAR : mainly local marketEST: dummy for new established firm.

t-ratio are given in parenthesis level of significa: * 10%, **5%,***1%
(Columns i and iii: without correction of selectibias. Columns ii and iv: with correction of seleatbias)

5 The LR statistics is compared to a Chi2 with thenher of constraints as degree of freedom.
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Table 2. Product Innovation Adoption

Variables Product Innovation Product adoption eq.  Product adoption eq.

Selection eq. without correction with correction
(v) (Vi) (vii)
Intercent -0.977*** -0.961*** -0.884***
P (0.048) (0.166) (0.119)
-0.024*** -0.020***
LNRTOT NC (0.004) (0.003)
0.008 -0.0007
LNTURN Ne (0.011) (0.009)
0.188*** -0.043* -0.040**
LNEMPHI (0.006) (0.015) (0.014)
-0.137%** -0.124%**
PATENT Ne (0.034) (0.032)
GP 0.185%** -0.147*** -0.139%**
(0.018) (0.038) (0.036)
0.060 0.053
ORGA Ne (0.040) (0.038)
0.028 0.011
PUBLIC Ne (0.040) (0.038)
-0.004 -0.004
LNEXP Ne (0.003) (0.003)
0.504*** 0.504***
coop Ne (0.036) (0.034)
0.089***
TURNINC (0.028) Nc Nc
-0.086**
TUNRDEC (0.034) Nc Nc
0.004
LNWTURN (0.004) Nc Nc
0.021%**
*
LNEXP*INTMAR (0.001) Nc Nc
" 0.029***
LNEXP*NATMAR (0.001) Nc Nc
" 0.016%***
LNEXP*LOCMAR (0.002) Nc Nc
-0.248%**
EST (0.034) Nc Nc
Sectoral Dummies No Yes Yes
Country Dummies Yes Yes Yes
-0.001
Lambda Nc Nc (0.022)
Percent concordant 73.9 68.1 62.8
Likelihood -22495.67 -4476.78 -4933.63
LR test (Beta=0) 6141.91%** 695.72*** 721.30***
LR test (dummies=0) 1402.67*** 323.52%+* 359.04***
Observations 46010 11658 11658

Note: LNRTOT : Total innovation expenditure of the firhiNTURN : turnover of the firmsLNEMPHI:
higher education-skilled workforcdRATENT: takes the value 1 if the firm uses patent protecémd O
otherwise GP: dummy variable indicating whether the firm belerig a group or noORGA: dummy variable
for organizational structur®UBLIC: public financial supports,. NEXP: exports as in CISCOOP: firms
cooperate in innovationLNWTURN : Firm turnover weighted by industry turnoveNTMAR : mainly
international marketNATMAR : mainly national market, OCMAR : mainly local marketEST: dummy for
new established firm. t-ratio are given in paresthével of significance: * 10%, **5%,***1%

(Columns v and vii: without correction of selectioias. Column vi: with correction of selection Bias

32



Table 3. Process Innovation Adoption

Variables Process Innovation Process Adoption eq.  Process Adoption eq.
Selection eq. iii) without correction (ix) with correction (x)
Intercept -1.226*** -1.615%* -1.561***
(0.048) (0.162) (0.144)
LNRTOT N 0.012** 0.007
(0.004) (0.004)
LNTURN N 0.067*** 0.064***
(0.0112) (0.009)
LNEMPHI 0.209*** -0.039** -0.032**
(0.006) (0.013) (0.012)
PATENT NG -0.199%** -0.210%**
(0.030) (0.029)
GP 0.159*** -0.269%** -0.254***
(0.019) (0.034) (0.032)
ORGA NG -0.016 0.002
(0.036) (0.033)
PUBLIC N 0.128*** 0.119*+*
(0.033) (0.032)
LNEXP N -0.004* -0.003
(0.002) (0.002)
COOP NG 0.323*+* 0.336***
(0.033) (0.031)
TURNINC 0.117** Nc Nc
(0.028)
TUNRDEC -0.060 Nc Nc
(0.034)
LNWTURN 0.023*** Nc Nc
(0.004)
LNEXP*INTMAR 0.022*** Nc Nc
(0.001)
LNEXP*NATMAR 0.031*** Nc Nc
(0.002)
LNEXP*LOCMAR 0.017** Nc Nc
(0.002)
EST -0.378*** Nc Nc
(0.034)
Sectoral Dummies No Yes Yes
Country Dummies Yes Yes Yes
Lambda NG Nc 0.001
(0.019)
Percent concordant 76.8 65.1 64.8
Likelihood -22556.51 -5734.57 -6340.55
LR test (Beta=0) 8342.67*** 614.80*** 653.24***
LR test (dummies=0) 2104.58*** 246.98*** 257. 7%
Observations 46010 12530 12530

Note: LNRTOT : Total innovation expenditure of the firlANTURN : turnover of the firms . NEMPHI:
higher education-skilled workforcdRATENT: takes the value 1 if the firm uses patent protecémd O
otherwise GP: dummy variable indicating whether the firm belerig a group or noORGA: dummy variable
for organizational structur@UBLIC: public financial supportsl.NEXP: exports as in CISCOOP: firms
cooperate in innovationLNWTURN : Firm turnover weighted by industry turnoveNTMAR : mainly
international marketNATMAR : mainly national markel, OCMAR : mainly local marketEST: dummy for
new established firm.

t-ratio are given in parenthesis level of significa: * 10%, **5%,***1%

(Columns viii and ix: without correction of selemi bias. Column x: with correction of selectiond)ia
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Table 4. Cooperation-based adoptions. other organization-based adoptiof"l6

Variables Total Adoption made in isolation Total Adoption made in isolation
without correction (xi) with correction (xii)
Intercept 0.266*** -0.600
(0.070) (0.412)
LNRTOT -0.007 -0.005
(0.005) (0.005)
LNEMPHI -0.058*** -0.066***
(0.015) (0.015)
PATENT -0.278*** -0.370%**
(0.040) (0.063)
GP -0.094* -0.201**
(0.044) (0.069)
ORGA -0.129** -0.091
(0.047) (0.049)
PUBLIC -0.096* -0.031
(0.045) (0.053)
LNEXP -0.007* -0.008**
(0.003) (0.003)
COOP -0.352*%** -0.086
(0.044) (0.133)
Sectoral Dummies Yes Yes
Country Dummies Yes Yes
Lambda Nc 0.817*
(0.384)
Percent concordant 67.8 67.9
Likelihood -3275.12 -3273.40
LR test (Beta=0) 7062.26*** 513.47***
LR test (dummies=0) 182.56*** 187***
Observations 5599 5599

Note: LNRTOT : Total innovation expenditure of the firhfNTURN : turnover of the firmsL.NEMPHI:
higher education-skilled workforcdRATENT: takes the value 1 if the firm uses patent protecémd O
otherwise GP: dummy variable indicating whether the firm belerig a group or noORGA: dummy variable
for organizational structur®UBLIC: public financial supportsl. NEXP: exports as in CISCOOP: firms
cooperate in innovation

t-ratio are given in parenthesis level of significa: * 10%, **5%,***1%

® The selection equation is not reported here kmecituis the same equation as the equatipmeported in
Table 1. Moreover, results for total adoption madeooperation are not reported since they aretBxapposite
to the one obtained for total adoption made iraiSoh (the dependent variable being dichotomous).
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Appendix:

Table 5. Descriptive statistics

Mean Std. Dev. Min Max Num. Obs.
LNRTOT 4.97C 5.9t 0 22.17¢ 2901(
LNTURN 14.27¢ 2.21: 0 24.53: 4775¢
LNEMPHI 1.747 1473 0 10.073 47045
PATENT 0.21: 0.40¢ 0 1 4775¢
GP 0.21t 0.41: 0 1 4879(
ORGA 0.50¢ 0.50¢( 0 1 4775¢
PUBLIC 0.070 0.255 0 1 47759
LNEXP 6.50(C 6.723 0 23.98: 4532«
COOP 0.29: 0.45¢ 0 1 14215
TURNINC 0.110 0.313 0 1 49064
TUNRDEC 0.067 0.25! 0 1 49061
LNWTURN 12.80¢ 2.46: 0 23.86¢ 47712
LNEXP*INTMAR 3.20¢ 6.00¢ 0 23.98: 4532
LNEXP*NATMAR 2.239 4.855 0 21.184 45324
LNEXP*LOCMAR 1.03¢ 3.34¢ 0 20.97¢ 4532«
EST 0.04¢ 0.21¢ 0 1 4913¢
Adoption 0.125 0.331 0 1 49139
Product adoption 0.041 0.199 0 1 47759
Process adoption 0.059 0.235 0 1 47759
Cooperation-based 0.277 0.447 0 1 14145
adoption
Other 0.126 0.332 0 1 14145

organisations-
based adoption




