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Abstract. In the context of economic globalization and of tinternationalization of
R&D activity, innovation is becoming one of theosh important assets for corporations
in developed and emerging countries as well. The @fi this research is to analyze the
main determinants of technological innovation ofniBian firms on the basis of the
innovation survey conducted by Tunisian MinistrySzfientific Research, Technology and
Skills Development in 2005. Precisely, we analyreéffects of the external technological
factors and In house R&D effort variables on inrtawa performances of Tunisian firms.
We, then attempt to explore these relationships sewl if they are affected by other
moderator variables linked to exportation intensityd foreign capital share. In our
estimation, we utilize the binomial logit model. Qureliminary results show that R&D
activity is not the only explanatory factor of thovation. In addition, Tunisian firms
with high export ratio as well as firms with signént foreign capital participation are
found to be not innovating since they depend piisnan the innovations conducted
abroad.

Keywords. Technological Innovation, R&D, Developing Counsii€Estimation, Logit
Regression, Interactive variables, Exportationnstiy, Foreign Capital share.



1. Introduction

During the two last decades, the R&D activity hasdme a crucial indicator to
measure the development of firms and hence natams countries. The most
important firms in the world, from different indusi or service sectors, have their
own labs where they can do research in order @tenmew products and processes
or simply improve the ones they already have. Cogusetly this activity has been a
must for these firms to maintain their position the market as well as their
competitiveness. Many scholars have shown in theioretic and empirical studies
that the economic growth is strongly linked to tR&D activity. For instance
Guellec and van Pottelsberghe (2004) show in thdicle that the long-term
impact of private and public R&D investments edevant. Moreover, R&D
investments enable firms to take advantage of R&ilosers from public and
foreign R&D as well. In other words, R&D activityak not only a direct effect on
the economic growth but also an indirect effectalihis measured in terms of
absorptive capacity. Besides, R&D cooperation hasrged as a potent way to
cope with cost pressures and technological compleas it makes knowledge a
more public good. The cooperation networks can lievdoth local and foreign
research institutions as well as local and foreiggetomers and suppliers. These
interactions are affected by the existing instin® framework generally called «
National System of Innovation » (Nelson (1993).

The literature of National System of Innovation nsore concerned by the
innovation’s borders in the industrialized courdgrighan the technological
adaptation capacity in the developing countrieszeéxieless, the concept itself can
be adopted in these countries (UNIDO 2003, Edanst McKelvey 2001). In fact,
even though the R&D activity has first emergedhia tleveloped countries, some
mechanisms of the National innovation System caerially be adapted in some
developing countries and lead to efficient embrgominovation systems. Such
adaptation is supposed to generate a National &troyv Capacity and has to be
founded on four basic objectives:

* The identification of the key economic sectors éddvored by the system.
* The promotion of the incentives of innovation aedhnological diffusion.

e The definition and implementation of adapted fugdipolicies and
Cooperation R&D arrangements.



» The definition of global networking programs in Ré&activity especially
for the emergent sectors.

In theory, the configuration of a specific innowatisystem depends particularly on
the sectoral specialization of the country or thgion. The Sectoral System of
Production and Innovation advanced by Malerba (20PQ04) provides an
understanding of the complex articulation that ®xibetween the innovation
systems and the sectoral specialization. It istaoksaew and established products
for specific uses and a set of agents carryingloitnecessary interactions for the
creation, production and sale of those productdeMa underlines the fact that the
Sectoral Systems undergoes processes of changeaasfbrmation through the co-
evolution of these interdependent various elemiectading technologies, markets,
organizations...etc. Nevertheless, R&D is still thesinimportant component of
this system ad concerned as determinant of Inmmvatiat's why the relation
between R&D and sectoral Innovation particularlyuld be well established in
order to define the appropriate instruments devdtedoromote technological
innovation and hence sustain a better competits&ne

In developing countries, where modern, emergentteaditional sectors co-exist,
the R&D activity is crucial. For traditional secsowhich are characterized by a
high potential in terms of competitiveness and @awplent opportunities,
Innovation can be efficiently practiced due to é&xperience and the culture issues
of the local economic system. Otherwise, the netemqg@lly innovating sectors
have to be promoted in such a way that equilibribetween them and the
traditional strategic sectors can be establishbd.t@rgeted equilibrium then occurs
when there is a consideration of the differencesinimovation practices and
strategies required when we move from traditional eémergent sectors. In
traditional sectors, firms do not need to createcsh R&D units or labs, the
innovation is much more incremental and continuousme. Concretely, products
or production processes are improved in order tontmia good quality and
competitiveness or simply to enlarge the produchgea and introduce
differentiation. Consequently, the innovation imstbontext is not disrupting and is
enrolled in strategic policies of the firm as a vwayain in productivity and acquire
new market sales. On the other hand, in the emesgetors, the evolution is very
fast and complex which induces the necessity obeerstructured R&D. Firms are
concerned by radical innovation to their produatsl @roduction processes that
undergo a total modification from a generation areasion to another and hence
require remarkable evolution in professional skillee structured R&D allows the



accumulation of knowledge and the improvement ohtelogical learning which
constitute the key factors to enlarge the absoeptapacity. This process takes time
and is proved to be costly compared to the otheovation practice. For this
reason, it has to be supported by continuously avgxt infrastructures (especially
in the field of Information and Communication Teologies), very solid funding
programs and a stable and efficient governancemsyst

All these innovation features are to be examinepravide a better understanding
of how to conduct with efficiency this risky R&D tagty especially in the
developing countries.

In the context of Tunisian economic globalizatiow f the internationalisation of
R&D activity, innovation is becoming one of theosh important assets for the
Tunisian corporations. Indeed, the free trade agee¢ with the European Union,
and the progressive dismantling of the tariff bersj create for the young Tunisian
industry a situation in total rupture with the m@dionist orientation which
prevailed until the end of the eighties. One ofrtiest remarkable characteristics of
this new competitive environment is the shorterohghe lifespan of the products
and the processes, and the acceleration of thevedémed the diversification of the
ranges. Under these conditions, it is impossibteafcompany to be competitive if
it is unable to integrate the innovations, andrsuee the strategic management of
its technology. R&D, technological agreement withiversities, laboratories, and
foreign research organisations ensure the progpefithe firms by consolidating
their competitiveness, and by improving their pgaddility, their performance and
their positioning within both traditional and nevarkets.

Actually, the major orientation of Scientific an@dhnological Innovation policy of
the Tunisian government consists of encouragingrpnses and industrial support
institutions to integrate innovation, technologarsfer and R&D in their strategies.

In Tunisia, since the resources are limited, tlemit to implant technoparkall
over the country to establish the ties betweemitrgj research and production, to
support start-ups and favour the incubation andtime of innovative enterprises
by promoting the results of research. Besides thedemization and the
improvement of the competitive capacity of the owdil industrial system, this

! Tunisian Government has planned to create 10 technoparks (with average of one technopark per year).
Actually 8 technoparks has been established. Moreover many measures have been taken for the devel opment
and privatization of ICT (Information and Communication Technology) sector considered as a determinant for
the prosperity of the Knowledge Economy



policy makes possible the integration into the firaele zone planned with the
European Unionor Tunisia, as for LDC'’s, the analysis of innogatperformance
and the determination of the key factors that gamaace innovation ability is one
of the most interesting topics for contemporandmusness orientation.

In this paper, we are concerned by studying theaohpf the capital opening to the
foreign investment as well as the exportation isityron the innovation activity of
Tunisian firms on the basis of innovation surveyndawcted by the Tunisian
Ministry of Research for the period 2003-2005. R&lg, we will examine the
effects of the common innovation determinants sush R&D, firm size,

cooperation...etc on the innovation activity and ex@lhow these effects are
moderated by the intensity of exportation and treign capital share.

This paper is organized as follows: Section 2 mtesia brief description of the
R&D activity and innovation in the South Mediteremm countries and more
particularly in Tunisia. Section 3 presents a éitare review on internal and
external determinants of innovation. Section 4odtices the methodology used for
the empirical study including data and economespecification. Eventually,
section 5 contains concluding remarks and enunoerati the main results of the
study.

2. Innovation in South M editerranean Countries

None can deny the existing gap in the R&D and imtion sector between the
North and the South. The performance of researchiamovation of firms and
universities from the North bank is very high anghamic compared to the other
bank. As illustration the portion of the Maghrebedaot exceed 0.2% from the
global scientific publications (all disciplines lnded). Research, then in this part
of the world is limited and does not really conttdd in the accumulation of
knowledge and enhancement of the productive sydteiilgeria, for instance, the
budget dedicated to Research represents 0.35%tfr@i@DP in 2004. Research is
almost totally funded from public organizations libere are not any tools or
programs to make it concrete and valuable. Thetioreaf innovating firms is
exclusively the mission of large Algerian enteresis(Sonatrach, Sonelgaz,
Electricité d’Algérie..) (Khalfaoui ,2006). For Macco and Tunisia, despite the



existence of programs to incite for R&D and valueavation, research is
facilitated mostly by public sectdts

As far R&D output is concerned, only few patent laggions from these three
countries of the Maghreb are deposited in the Erappffice of patents. They are
totally absent in the American Office (OST 2006he$e figures resume the R&D
situation in the Maghreb where the integrationrofavation and research in the
private sector is not a part of their businessrjiigs due to the specialization of
these emerging nations in the mass production mrow technological intensity
sectors. Nevertheless, the major orientation ofer@idic and Technological
Innovation policy of the Tunisian government cotssisf encouraging enterprises
and industrial support institutions to integratadmation, technology transfer and
R&D in their strategies. For Tunisia, as for theestcountries of the Maghreb, the
analysis of innovation performance and the deteation of the key factors that
can enhance innovation ability is one of the masteresting topics for
contemporaneous business orientation.

Furthermore, during this first decade of the™2Entury, there is a trend of
globalization of R&D all over the world of which ghtransnational firms are
considered the main actors. In these firms, the R&@resents almost half of the
global R&D and more than 2/3 of firms R&D activiaidvalued at 450 billion

dollars) (UNCTAD 2005).

The consequence of R&D globalization is immediatdgtected through the
dynamicity of R&D activities in the developing cduas. In fact, the transnational
R&D in the emerging countris has increased from iB%4.996 to reach 18% in
2002 with a remarkable concentration in Asia andeargarticularly in China and
India (with respectively 35, 3% and 25% of foreigivestments). For South
Mediterranean countries, the only country that édghe transnational R&D is
Israel with 4,4 % of actual investments. Recentiig Maghreb has become a
destination for the transnational firms that intéadnvest in R&D in modern and
emerging sectorsbesides the strategic sectors (Petroleum, agrieu)t In this

2 |n Tunisia 78% of total R&D is funded by public sector,12.5% by private sector and 9.5% by foreign
investments.

% The French firms QLI (Software) and Eolane Electronics has respectively installed their R&D centers in
Morocco in 2003 and 2004. In the automobile industry sector, Pinfarina/Matra (Italy) has established its R&D
center in Morocco in 2004. More recently, during 2008 the German firm Kromberg & Schubert has installed the
first R&D center in Tunisia in component sector and is planning to invest 700 K euro by 2010.



Region, the establishment of the free trade zom the R&D globalization

constitute the most important assets to strengtiienechnological abilities of the
local corporations and enhance the developmenewices and products with a
high added value. The foreign Direct InvestmenRi&D then contributes in the
strengthening of the innovation system and modatitiz of different industries
and technologies through the R&D spillovers and kakage of knowledge.
However, these spillovers are not valued automigtitarough foreign R&D and

require economic capacity absorption from the lwosintry in order to contribute
in its development (UNCTAD 2005).

3. Literature Review

In general, the innovation activity depends onahsorptive capacity of the firm in
creating and acquiring the necessary knowledge dbates not only, at creating
inventions but at marketing and launching thesewations. This creative capacity
of the firm stems from its expertise in resolvirtg internal issues as well as its
external productive capability of creating strategilliances and forging solid
partnerships with its suppliers and its buyers.

In this context, many research studies have providasons for the success of the
innovation activity by identifying some key factor$hese successful factors
include the firm’s sector of activities, its sizedathe type of the innovation.
However, some studies based on the Schumpeteriaools@argued that the
correlation between the firm’s capacity to innovatel its market power is yet to be
founded.

But the most important factor of innovation is dnmv by the R&D activity.
However, the value of the R&D activity is directlglated to the core competencies
of the firm as well as to its efficient innovatipeocesses. The studies by Baldwin
& Hanel, (2003) and Duget, (2000), have proven thatfirms which spent more
resources on R&D activities have the most competiidvantages in the radical
innovation and claim more inventions rights. HalBagchi-Sen (2002) studied the
relationships among R&D intensity, innovation measy and business
performance in the Canadian biotechnology indusétyveen 1994 ans1997. Their
research findings are mitigated. In deed, they dothat R&D intensity correlates
with patent measures as proxy of innovation. Howetleere is no significant
correlation between R&D intensity and product argass related innovation. Sher
& al (2005) investigates the effects of variousessp of innovative capability on



firm performance in electronics Taiwan industry.eyhdemonstrate that R&D
activities accelerate innovations development msitie company leading to
realization of superior financial performance. TE005) examine the impact of
R&D on innovative performance as measured by fatabr productivity and found
that the efficiency of R&D expenditures in both dinaad large firms is significant
in achieving higher productivity and competitivevadtage.

Besides, R&D, the cooperative strategies with dgfife actors in the industry can be
decisive factor of the performance of the innovatactivity. Fritsch & Lukas
(2001) argued that the cooperation depends priyannl the specificity of the
innovation, the size of the firm and its human talpi

Other studies, related to the business managerpriiach, focused on the internal
characteristics of the firm as critical factors tbe innovation behavior. These
internal characteristics stem from the resourcas the tangible and intangible
cumulative capabilities of the firm which make-up core competencies. These
resource-based competencies include the technalogampetencies due to the
intensive R&D activities as well as the human reses competencies based on
skillful and cumulative know-how capabilities. Othefactors, such as
organizational competencies based on the internatfomance of the
communication process contribute to further streeging the resource-based
competencies of the firm and stimulate its innavagctivities.

These aggregated resources allowed the firm tolojeven innovative strategy
based on its internal strength as well as on tharogpiation of the external
technology-based knowledge. Cohen & Levinthal (398&ined the results of the
research as a process that included any origirdaluaaful knowledge acquired for
and by the public domain, whether it was a radinabvation or a cumulative
knowledge. These spillovers would be felt when Ré&fibrts deployed by those
firms create externalities that can impact the watiwe decisions of other
organizations and other actors of production. Bwiy can those firms benefit
from those spillovers? Cohen & Levintahl, (1988)ued that research activity can
facilitate the dissemination of the knowledge pded by the external sources and
consequently, in house R&D, and the external R&bBhglement each other.

The adoption of the new technologies requires asorgbve capacity of the
innovative firm. Hence, if the outcomes of R&D le&a the flow of the non



incorporated technologies, otherwise, it is theogttsve capacity of the firm that
determines the effective level of the R&D acti\gtieutcomes. Firms are destined
to learn from these external technologies throuigéirtintangible investment
processes. These investments represent essemtiaisfaf the firm’s absorptive
capacity of the external technologies, in particubose information technologies
that are of public domain and are of complex andudative nature.

Other studies highlighted the importance of leagnbyy interacting. This is a
learning process through knowledge sharing andytgie firms to other actors of
the socio-economic environment. These interactiariten lead to trustworthy
cooperative ties that facilitate the exchange a@fulsinformation between firms
and their clients and other stakeholders as weies€ interactions led to the
creation of networks of synergies based on cunwdastudies and shared
knowledge among the members of the same netwohlesél networks grew out of
structured performances based on the transfereofi¢fiv knowledge. Such transfer
led to the flexibility and the fluidity of the exahge of information and knowledge
available in hybrid structures made up of a madanomy in one extreme and
administrative hierarchy on the other. The learrbggnteracting can involve many
actors including clients, rivals, suppliers, resbacenters, consultants, and centers
of knowledge transfer.

In conclusion, the precedent studies of the ratatigp between the learning process
and the innovation pinpointed the different fornighe learning curve. Among the
most prevailing forms of the learning, we cite the leaghby learning and the
learning by interacting. Furthermore, these studlighlighted the importance of
the innovation to the activities of the firm. Thesmovations are tributary to
external factors favorable to the learning processl belonging to certain
productive industries. Other attributes of the m&ay process are related to the
firms’ sizes, their exporting activities, their wttures, and their productive
resources. All these factors are vital to the iraimn process of the firm.

4. Empirical study

4.1. Data Description

Our empirical study is based on the innovation syrgonducted in 2005 by the
Ministry of Scientific Research, Technology and ISkDevelopment in Tunisia.
The survey measures the innovation intensity ofi§ian firms for the period 2002-
2004. A sample of 586 firms was mailed and askere$pond to a questionnaire



that include, besides their characteristics (récremt, turnover, exportations,
foreign capital share..), several items relatedR&D activities, employees skills,
level of innovation and innovation obstacles. Boaincludes information about
R&D cooperation with universities, research centi@doreign investors as well as
information about government mechanisms and tovolsrder to value innovation
and promote R&D in Tunisia. In our study we aresrasted only to manufacturing
firms. After eliminating companies in service aityivwe obtain a sample of 543
(Appendix 1)

4.2. VariablesDescription

The variable INNOV is a dichotomous, qualitativeiable which takes the value 1
if the firm has undertaken process or product imtion during the period 2002-
2004 and the value 0 otherwise. For the produaivation, there is no distinction
between innovation for the firm or for the market.

R&D is measured through two variables. RD whicta idichotomous, qualitative
variable takes the value 1 if the firm has R&D wtyiand O otherwise. In case of
existence of R&D activity, and in the same orientatof Hall & Bagchi-Sen
(2002), Nieto & al. (2005), Shefer & al. (2005), define RDI (R&D intensity) as
the share of R&D costs in the total of expendituttedicated to innovation. This
variable is codified over an ordinal scale of OWe have restrained the total
expenditure of innovation as a basis for our caltoihs instead of the turnover
because the Tunisian firms dedicate only a vetig lgroportion of the turnover to
innovation activities. The total expenditures ofnamation include patents
acquisition, costs for training and for technolagitearning methods and tools as
well as product improvements...

As for cooperation, the partners considered in sunvey include universities,

research laboratories, research centres, foreigportions and firms. COOP

(technological cooperation) is a variable scalednfi0-5 to measure the number of
firm’s partners.

SIZE is a multinomial variable to measure the sizthe firms and is codified aver
an ordinal scale 1-4. It represents the level @f fibm turnover relative to the
industrial sector in which it operates. Rather thasting the Schumpeterian
hypothesis, the objective is to check if there tegisparities in the size impact
from one sector to another or not.



SKILL is a variable that measures the skilled labiotensity and is calculated on
the basis of the proportion of qualified employéemnagers and high qualified
personnel in the administrative, technical and R&&partments) over the total
number of employees. Its value is codified ovepatinal scale ranged from 0-5 (5
for the highest skilled proportion and O for thevést proportion). This variable
indicates the capability of the firm to mobilizeetmecessary qualifications for
innovation development and new technologies adiprisi

FKI is a variable that measures the foreign camhare and is codified over an
ordinal scale ranged from 0-5 where 0 stands feeate of the foreign capital
share in the firm and 5 for a total foreign capitdlhis variable is integrated into
the innovation equation in order to verify if thpem capital of the firm to foreign
investment leads to more innovating performancesoar

Same is for EXI which the variable that measuresdhare of the firm turnover
dedicated to exportation. It is also codified oaarordinal scale ranged from 0-5.
This variable is considered in the innovation emumto examine if it has a
positive impact on firm’s innovation activities. tretically, exportation activities
constitute a real motivation for firms to innovatmce the opening to foreign
markets creates business opportunities and reqoicgs dynamism in terms of
innovation and research.

In addition, we consider other moderator variabl[EECH is one of them. It
represents the technological intensity of the seetccording to the OCDE
classification. It is codified over an ordinal seabnged from 1-4 with 1 for low
technological intensity sectors (LT), 2 for middibev technological intensity
sectors (MLT), 3 for middle-High technological instty sectors (MHT) and
finally 4 for High technological intensity sectdisT).

4.3. Econometric Specification and Estimation Techniques

As for the econometric purpose, we utilize the mrad logit model due to the
qualitative nature of the dependent variable (mscer product innovation).
Precisely, we deploy the logistic regression sitite endogenous variable is
dichotomous whereas the exogenous variables drer gjtialitative or quantitative.
Therefore, it allows us to estimate innovation grgty of the firm as a function of
its in-house R&D effort, its external technologidattors such as cooperation as
well as moderator variables. In our modelling, whiee estimated coefficient of



the explanatory variable is positive, then it af$goositively the probability that the
explained variable INNOV takes the value 1. In metuwhen the estimated
coefficient is negative, then this probability édluced.

In order to examine the different hypotheses o$ ttesearch, we suggest five
different econometric models.

Model 1:

INNOV = AL+ /2 (RD) + 33 (COOP) + 34 (SIZE) + 5 (FKI) + (36 (EXI) + 7 (KILL) + /38 (TECH)

The first model considers the sectoral charactesishs explanatory variables
besides the specific characteristics of the firmOQP, SIZE, RD, FKI, EXI,
SKILL and TECH). The objective is to estimate, foe totality of the sample, the
impact of each variable on the probability of inaten in the Tunisian firm

Model 2 A:
INNOV = AL+ 2 (RDI) + 33 (COOP) + 34 (SIZE) + /55 (SKILL) + 6 (TECH)

Model 2 B:
INNOV = 1+ 2 (RDI) + 33 (COOP) + B4 (SZE) + 5 (KILL) + 6 (TECH) + 7 (FKI) + 38 (EXI)

In models 2A and 2B, we keep only 224 firms thatehR&D activities during the
period 2002-2004 and we propose to estimate the sguation but we replace the
dichotomous variable RD by the quantitative vagaBDI* which reflects the
intensity of R&D and hence represents better thevation process in general. In
the model 2A, we try to explain the endogenousaédei only by the variables
RDI, COOP, SIZE, SKILL and TECH. Then in 2B, we addl and EXI which
represent respectively the share of the foreignitalagnd the intensity of
exportation. The main purpose is to compare th@sanodelling and evaluate the
impact of capital opening and exportation intensityinnovation performances.

4 Many firms declared in the questionnaire that they have undertaken R&D activities but their R&D
expenditures are null. In fact, these firms do not have an R&D account in their accounting system. These
activities are then funded by another budget.



Model 3:
INNOV = 81 + B (RDI) + 83 (COOP) +4 (RDI) *(FKI) + 5 (COOP)*(FKI) + f6 (SKILL)*(FKI) +
BI(SZE)

Model 4:
INNOV = AL+ [ (RDI)+ 33 (COOP) + 4 (RDI) *(EXI) + 45 (COOP)*(EXI) + 36 (SKILL) *(EXI) +
57 (SZE)

In models 3 and 4, we propose to estimate the imphdr&D intensity and
cooperation with partners on innovation while cohlitng this impact through
specific variables that represent the exportatidenisity and the foreign capital
share. To examine the moderator effects of theaotwe variables of FKI and
EXlI on the relationship existing between innovatioR&D intensity and
cooperation with partners, we proceed as Tsai (R@OBI Nieto (2005). We
calculate these interactive variables by multipjythe moderating variables (FKI
and EXI) by the moderated variables (RDI and CO@y)doing so, we have an
indication on the impact of the R&D intensity andoperation on innovation
performances when the exportation intensity orifprecapital share is increased
by one unit (a little increase).

When the corresponding estimated coefficients ebéhinteractive variables are
significant, we can confirm that the effect of R&D intensity and cooperation on
innovation depends on exportation intensity anditpr capital share.

4.4. Results

Table 1 presents the results of the regressiorysemfor each of the four models.
In general terms, the econometric specificationgehan acceptable predictive
power. The percentage of correct predictions excé8®B% for all models.
Moreover, the Chi-2 values corresponding to eachlehare significant which
allows us to reject the null hypothesis that allapaeters, except the constant, are
null. Eventually, we notice that the integrationioferactive variables (RDI*FKI)
and (COOP*FKI) in the model 3 and (RDI*EXI) and (OB*EXI) in the model 4
improves the explained variance since the tefrivi® Fadden increases from 0,27
to 0,31 and 0,33.



The results of model 1 show that for industrial iBian firms, the common effects
of R&D, cooperation and size are verified. R&D mskeossible not only the

creation of new products and processes but alslitdses the absorption capacity of
the firm to adapt and acquire new technologieaddition, when a firm cooperates
with partners (universities, research centres,idgareorporations...), its probability

of innovation is positively affected. Big size fisnare more tempted by innovation
than small size firms. For Tunisian firms qualified SME and that suffer from

limited financial resources, innovation stronglypdeds on bank funding which is
not easy for them especially for risky innovatiatiaties.

Furthermore, our estimation reveals some surprigesults in the model 1
concerning the effects of the variables SKILL an@iCH. The qualification of
employees and the technological intensity affecgatigely the probability of
innovation in Tunisian firms. The situation in Tai@ can be then interpreted as
follows: the Middle or Low technological intensifyms are more motivated to
innovate. This innovation does not require highlyalified personnel and
mobilization of costly R&D resources. The negatsign of the variable SKILL
puts into doubt the role of managers and qualiBedcutives in the innovation
process. They are not able to stimulate innova#dod their vocation is rather
limited to operational tasks that slow down innawafperformances

Another surprising result consists in the negagéiffect of exportation and foreign
capital share on innovation for Tunisian firms. Estimated coefficients of theses
two variables are negative and significant whigkats the idea that they constitute
incentives for innovation in Tunisia.

The estimation of the model 2A, confirms the resoftthe model 1 concerning the
expected effects of R&D intensity, cooperationmfisize, personnel qualification
and technological intensity. Moreover, when weadtrce the variables FKI and
EXI into the model 2B, the results show that thestimated coefficients are
negative and significant but COOP and RDI are neensignificant. Once again,
our estimation proves that exportation intensityl dareign capital share have
negative effects on innovation for Tunisian firngatt declare undertaking R&D
activities. Thus the innovation probability of expog firm is less than innovation
probability of a non exporting firm. In the samewa local firm has more
incentive to innovate than a non resident firm.



Table 1: Results of the logistic regression analyses

Model 1 Model 2A Mode 2B Mode 3 Mode 4
I nter section -4.765 -5.673 -5.673 -4.762 -5.876
RD 1.098
COOP 1.143* 0.342* (ns) 1.102** 0.876**
RDI 0.453* (ns) 0.766* 0.453*
SIZE 0.277** 0.245** 0.325* 0.324* 0.325*
SKILL -0.123* -0.321* (ns) (ns) (ns)
TECH -0.415** -0.357 * * -0.342** (ns) -0.254**
EXI -1.186* -0.122**
FKI1 -1.089* -0.142*
RDI*FKI -0.213**
COOP*FKI -0.342*
SKILL*FKI (ns)
RDI*EXI -0.124*
COOP*EXI -0.342*
SKILL*EXI (ns)
Mc Fadden R 0.23 0.27 0.25 0.31 0.33
LR statistics 739.657 934.123 765.34 876.671 998.876
Overall % of correct pred 76.45% 68.31% 71.34% 74.14% 77.23%
*significant at 1%; ** significant at 5%, (ns): naignificant

The models with interactive terms (model 3 and rhddlemphasize these results
since the estimated coefficient of the interactiggable is negative and significant
for both FKI (in model 3) and EXI (in model 4). mther words, the effect of
cooperation and R&D intensity on innovation perfarmoes is reduced when FKI
or EXI increase by one unit. These effects arafjedtby the nature of activities of
exporting firms in Tunisia. In fact, the average fofeign participation in the
capital of Exporting Tunisian firms is about 70%heBe firms are either affiliates
of foreign business groups or simply subcontracfings which totally export
abroad. In the first case, the affiliate firms imunisia do not conduct R&D
activities since they primarily depend on innovatamnducted abroad either in the
parent firm or in any other attractive region ot tworld in terms of R&D



execution. In the second case, the subcontradtimg fare just asked to respect the
predefined specification and are not allowed toeutake any research activity.

5. Conclusion

The main concern of this study is to examine thgniBcance of two main
determinants of innovation such as the in-House R&pPenditures and the outside
absorbed knowledge via the technological cooperatgreements. Then, it permits
to explore how the relationship between innovat®&D intensity and cooperation
is moderated by exportation intensity and foreigpi@l share. Several results
derive from this study and are of interest in expha the innovation level of
Tunisian manufacturing firms. First, the signifitastimates in the logistic model
suggest that Tunisian firms have to deepen théartefin innovation by internal
R&D activities and by improving the efficiency okiked workers as well as by
adopting external know how via technological cotiedtion agreements. Second,
the efficiency of innovative efforts could dependgatively on the exporting
intensity and the foreign capital share. This resatresponds to the reality of the
activities of foreign direct investment and expotits Tunisia which are
concentrated in the low intensive technologies@sctThus, the opening to the
foreign capital and the opening of the economy rtl lead, so far, to reinforce
innovation incentives in Tunisian manufacturingteex

The preliminary conclusion of our study is a setreéommendations to policy
makers and organisations aiming at further streargtiy the innovation process of
the non resident firms and the reinforcement ofdbevities of innovation in the

high tech sectors. It is worthwhile to mention #teengthening of tools for the
creation of partnerships and mutual visibility b&tforeign and Tunisian research
systems, the reinforcement of regional cooperatioMediterranean level, and the
development of project management capabilitiep@idential Tunisian participants
in future research and technological developmesistim the world.
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APPENDI X

Table Al: Distribution of Firms in the Sample (MRSTDCQC)

Sectors No of firms | % of Total
Agro-alimentary 89 16%
Chemicals 32 6%
Electrical and electronic material 100 18%
Mechanical and Metal 64 12%
Textiles and clothing 110 20%
Leather and footwear 16 3%
Wood and cork 16 3%
Publishing and Printing 10 2%
Rubber and plastics 24 4%
Mining and energy 11 2%
Constructional material, pottery and glass industry 43 8%
Other not specified industries (Autres) 27 5%
Total 543 100%

Table A2: R&D Conducted by Resident and Non Resident Firms in Tunisia

R&D No R&D Total
Non Resident (*) 36 125 161
Resident 188 194 382
Total 224 319 543

(*) Non resident firms are firms where the share of the foreign capital is higher than 50%




