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1. Introduction

This publication is the result of a two year research proje¢R&D cooperation in Latin American
innovation strategies: empirical evidence and policy implicatioom National Innovation Surveys”.
The project has been carried out by the United Nations Econasnienision for Latin America and
the Caribbean (ECLAC) with the financial support of the maépnal Development Research Centre
(IDRC). The project has benefited from the collaboration aedtigagement of a team of researchers
from Latin American countries and from the collaboration afidbhal Statistical Offices.

Innovation policy gained growing attention in thev@rnment Agenda of Latin American
countries in the post-Washington consensus era.ridmg political consideration for innovation dafor
the policies to support it, entailed a shift in grevailing policy paradigm from a minimalistic eabf the
State in the economy to the recognition of a broddenain for State intervention. At the same tithe,
political acceptance of the need for public potizysupport innovation brought about a growing deinan
for evidence in terms of innovative behaviour dadratg, their preferences, and their performance.

The evidence provided in the articles published in this repamtributes to increase the
knowledge about the functioning of national innovation esyst and the behaviour of innovative
agents in Latin America. At the same time, this collectiontofliss represents the first effort to
validate national innovation survey data in a comparative pergp@tthe region and offers a critical
analysis of the quality and the capacity of firm-level dataraattnal innovation surveys to inform
the policy debate, and better design and evaluate innovatiaegoli

Innovation surveys in Latin America are recent and the courntrigee region lack the
practice and the accumulated collective experience of developed countradislating and analyzing
data for policy purposes. The starting point is that natiomnovation surveys might represent a useful
source of information for policy oriented research. In fadeeper and renewed understanding of the
innovative conduct of firms, of entrepreneurial behaviour ahthoov, when and through which
channels Latin American enterprises innovate is necessary to indreasgpacity of designing more
effective policies. Firm-level data can be used to better analyagdtion conducts and the impact of
innovation on firms’ competitiveness and productivity. Na#ll Innovation Surveys can provide
useful insights for analyzing innovative conduct in the negidentifying patterns of technical change,
and for learning and detecting taxonomies of innovationmestand patterns. However, information
coming from those surveys needs to be complemented withiceddiand more aggregate data on
production specialization and technological and scientific profilthe country, and much attention
needs to be paid to the methodologies and hypothesis usgatdcanalysis.

The following articles provide the results of the analyg$isnnovation surveys in 5 Latin
American countries: Argentina, Brazil, Chile, Mexico and Urugddose countries account for the
80% of total regional manufacturing value added and offer @ goaxy of regional manufacturing
performance. The diversity and the heterogeneity of these coumti®s to grasp eventual
asymmetries in innovative conducts and National InnovationeB8ws between small and big size
economies, different specialization patterns, low and medium maaronomies and to take into
account potential differences between growing and lagging economies

The results presented in this issue represent a step forwirdespect to existing literature
about innovation in the region. They provide an analysisomiperation and innovation in Latin
America in a comparative perspective from different angles exgdhia variety and heterogeneity of
innovation surveys between countries and they contributihgoanalysis of the determinants of
cooperation and innovation at the firm level in the case oplperal countries. In addition, the results
contribute to express a call for strengthening the innovatieasurement agenda in Latin America to
improve the contribute of micro-level data analysis for yadiesign and evaluation.
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2. Cooperation and innovation: a topic of rising re levance in
empirical analysis and in policy making

The concept of National System of Innovation and the evoltyohterature contributed to define
innovation as the result of the interaction between differentsaigen settings, stressing the relevance
of collaboration and cooperation as key features of the inmevatocess (Nelson and Winter, 1982;
Kline and Rosenberg, 1986; Nelson, 1993; Dosi and Cih8b4; Patel and Pavitt, 1994; Metcalfe,
1995; Cimoli, Dosi, Nelson and Stiglitz, 2006). Itwidely recognized that firms do not innovate in
isolation. Sectoral, firm-level and managerial studies confinat tollaboration, interaction and
cooperation are key for innovation and technological change anthtimafation is increasingly the
result of a combination of a multiplicity of actors andrses.

Since the late 1990s, advanced countries carried out empiricalenaligich contributed to
increase the knowledge regarding the innovative behaviour ro$ fihanks to national innovation
surveys (OECD, 2009; OECD, 2010). Firm level analysesnoovation are recent, but rich, and
rising in depth and complexity. Cooperation and the relatfdnnovative firms with external agents
and with the environment have been a key topic in those analyses.

The literature, which provides evidence mostly for advanced amapBan countries, focuses
on the determinants of the decision of a firm to cooperatarioration and the impact of cooperation
on innovation performance (Cassiman and Veugelers, 1999, P@@rdoorn et al., 2000; Fritsch
and Lucas, 2001; Leiponen, 2001; Tether, 2002; Cincera 08B, Belderbos et al, 2004; Negassi,
2004; Bonte and Keilbach, 2005; Schmidt, 2005 AschhoffSetunidt, 2008; Arranz and Fernandez
de Arroyabe, 2008). Those studies follow different approaamesfocus on different determinants of
cooperative behaviour of innovators. Some focus on the diffeseiin choices and impact of
cooperation by type of partner -clients/suppliers, competit@search institutions- (Tether, 2002;
Belderbos et al., 2005; Arundel and Geuna, 2004). Othalgzanthe impact of capital ownership and
the propensity to cooperate of national and foreign firmsigRard Schmidt, 2007). Some studies
focus on the impact of size in determining openness to extsonates and the role of absorptive
capacities in determining the willingness to collaborate (Cassand Veugelers, 2002). The capacity
of appropriating returns form innovation i.e. the appaiplity strategy of firms and the tacitness of
knowledge involved in innovation are also identified as kegrd@hants of collaborative patterns
(Cassiman and Veugelers, 2005; Chudnovsky, Lopez and R068i, Graversen and Mark, 2004).

In Latin America, national innovation surveys are a new expegiedcholars have started to
explore that data only recently. Available analyses tend to facusnovation performance, market
structure and the role of multinationals, instead of sysiealigt analyzing the functioning of
innovation systems in the region (Crespi and Katz, 1999ad@s, et al., 2001; Arza, 2005;
Benavente, 2006; Chudnovsky et al., 2006; Marin and B&g20

On the policy side, in Latin America, during the last yedmre has been a growing
consensus regarding the necessity to design and implemerdesaigth technology policies to foster
catching up and long run development (Cimoli, Ferraz, PA609). Today, in line with the tendency
of frontier economies in which much of public interventionihinovation focuses on promoting links
among institutions and agents, the new innovation pdiggnda in Latin America focuses on
designing policies to support networking and cooperatiomgrtite agents of the innovation system.

How to support innovation cooperation among heterogeneoesstsags a major policy
concern in the region. Actually, most countries designed pslim support cooperation. There has
been a growing interest on networks of excellence, public-prigattnership for R&D, research
consortia, etc. However, the performance of those policies isdraxd there is a lack of micro-
evidence regarding firms’ behaviour in that respect.

In this scenario, a sound analysis of the cooperative behafiourovative firms is crucial to
support the design and implementation of better policiesvhtion surveys appear as a rich source of
information to investigate innovative behaviour of firm&wéver, this is easier said than done, and
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much work, attention and theoretical reflection is needed to adwaio®vation analysis at the firm-
level in the region. The papers presented in this issuethesidirection.

3. Exploring cooperative behaviour in Latin America
evidence from innovation surveys

This report includes six chapters based on the rationovation surveys of 5 Latin American Countries

(Argentina, Brazil, Chile, Mexico and Uruguay). Tfiest five papers are country case studies which
analyze a specific aspect of cooperation for intiomaprofiting from the differences between the

surveys and in response to primary policy challengegsaich country. The sixth paper presents a
comparative analysis of the determinants of cooperaiihatin American countries.

The evidence presented in this volume is particularly rich siawdh country case study
focuses on a specific aspect of cooperation and innovation. Hiea€ study analyses the
determinants of R&D cooperation and the impact of public poli€iie Brazilian analysis
differentiates the determinants of cooperation by type of pariier Mexican survey allows for
testing the determinants of cooperation in the case of prododt process innovation. The
Argentinean study analyzes the role of international versus ¢otiaboration. The Uruguayan case
studies combines’ evidence from different types of surveysanuses on the role of human capital in
determining firm’'s openness. The comparative paper is theaftesnpt to carry out a comparative
analysis based on innovation surveys in Latin America. Theyshighlights similarities and
differences in cooperation between countries, and shows the tifrthe comparability of data as they
are collected nowadays. It concludes by identifying some reconatiensl to improve the
comparability of innovation surveys in the region.

TABLE 1

REFERENCES: INNOVATION SURVEYS BY COUNTRY
Country Survey
Argentina National Innovation Survey 1998-2001
Brazil 3rd Technology Innovation Survey (PINTEC, 2005)
Chile 4th Innovation Survey (2005)
Mexico 2nd Innovation Survey (2001)
Uruguay 2nd Innovation Survey 2001-2003

Source: Own elaboration.

The determinants of cooperation and the impact of p ublic policy

The article on “Cooperation partnerships in manufacturing:eeie from Chile” by Jose Miguel
Benavente and Carmen Contreras analyzes the determinants of technesbtiom agreements in
Chile. By estimating biprobit and poisson models and congdor selection bias, the authors
confirm the hypothesis that larger firms tend to innovateema Chile, technical cooperation appears
to be inversely related with firm size suggesting that lafigers tend to vertically integrate their
R&D activities. Results show that radical innovations are healdpendent on the existence of
technical cooperation contracts and that public support enhanceg&adooperation among firms.
Public support enhances technical cooperation among firms #mdinwersities and research centres
not only in quantity but also in quality. The authorewtihat sectorial behaviour may have a relevant

4 The comparative paper analyzes the determinantooperation in 4 countries. Mexico is excludednfrthe

comparative study for the lack of harmonisationgudstions on cooperation.

10
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effect, affirming that it is possible to identify “differences cooperation culture among sectors.”
Firms receiving public support for their R&D activities shhigher probabilities to sign cooperation
agreements. This is quite tautological considering that colifiba is required as conditionality for
receiving public support for R&D spending. What is intengsis that the authors show that firms
which receiving public support for R&D tends to increasertmmber of contracts they sing. R&D
subsidies would hence on the one hand impact on R&D performaucelso, indirectly they would
promote linkages in the innovation systems.

The determinants of cooperation by type of partner

David Kupfer and Ana Paula Avellar analyze the Brazilian case iartivée entitled, “Innovation and
cooperation: evidence from the Brazilian Innovation survey.”f&uand Avellar identify the reasons
why Brazilian firms engage in innovative cooperation, emphagitia relation between the types of
partners using the PINTEC 2005. The authors run foalipmodels to identify the determinants of
cooperation in general and then by type of partner (science amibkegy infrastructure, clients,
suppliers and competitors and other firms of the groupp @uthors highlight that cooperation
strategy is in its early stages in the Brazilian manufacturicgtlaat there are few innovative firms
(50%) of which only 15% are engaged in cooperative agreemenB&Dr The Brazilian analysis
also confirms the existence of a sectoral culture for innovatimwing that the pharmaceutical, the
chemical and the transport industry are those with the higmeentration of R&D collaborations.
With respect to the type of partner, the chemical and tranggmidrs concentrate on cooperation with
S&T infrastructure. The study confirms the literature foraabed economies in which absorptive
capacity affects cooperative behaviour. Firms which carry out R&R continuous basis increase
their chances to engage in cooperative arrangements for R&D.

Differences between cooperation for product
and process innovation

Celso Garrido and Ramon Padilla Perez analyze “Cooperation fovation in the manufacturing
industry in Mexico.” The authors start by recognizing tbabperation for innovation in Mexico’s
manufacturing industry is scant and, when it occurs, it takee mainly between firms. The Mexican
case study focuses on the differences in cooperative behavioprofiwct and process innovating
firms. This distinction provides original econometric testhat contrast and complement the existing
literature: size and appropriability are associated only witlpe@dion for process innovation, while
sectoral specificities and origin of capital are significant dolyexplain cooperation for product
innovation. Size is not significantly associated to cooperdtonproduct innovation. This paper
shows that the characteristics, needs and benefits of cooperatipmaetably not only among
industrial sectors, but also between the object of cooper@iioduct vs. process innovation).

The role of international versus local collaboratio n

Valeria Arza and Andres Lopez analyze “The determinants of firm&rdigollaboration: evidence
from Argentina 1998-2001". This study starts with thenpise that firms’ international collaboration
is positive for technology development and innovation. Ttigal hypothesis is that international
cooperation requires stronger technological capabilities amas’fiopenness. Authors’ findings
confirm the hypothesis. By testing a multinomial logddel they test the determinants of cooperation
as a function of proximity (national versus internationadxeign firms or those that trade intensively
are more likely to cooperate abroad. Skilled labour intensivasfiand firms that allocate more
resources to innovation activities show higher probalidlfitiorming international partnerships. Arza
and Lopez contribute to the ongoing debate on local versusatitaral collaborations. The authors
point out that in developing countries, fostering purklgal collaborations may perpetuate the
innovation systems backwardness and their lack of diverstficatrather than promoting
technological dynamism. International agreements should be @dnso as to avoid the trap of
interacting within a community of firms with low technoiogl capabilities.

11
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The role of human capital and skills in
determining cooperation for innovation

The article entitled, “Make, buy and cooperate in innovation: eenmid from Uruguayan

manufacturing surveys and other innovation studies” byl8litz, Natalia Gras and Carlos Bianchi
takes a peculiar perspective and explores the role of human dapiigtermining cooperative

behaviour complementing the information coming from innavatsurveys with other firm-level

sources of information. The main assumption is that “cooperdtr innovation is a knowledge

exchange process driven by people”. Results confirm that R&Dogegs, especially scientifically

and technically trained employees- are among the most relevant detetrrof cooperation for

innovation within the Uruguayan industry, confirming timportance of the Cohen-Levinthal
“absorptive capacity” concept (Cohen and Levinthal, 1990).

Cooperation for innovation in Latin America
in a comparative perspective

The comparative paper by Primi and Rovira analyzegdeterminants of cooperation for innovation in
the manufacturing industry in 5 Latin American Coi@s (Argentina, Brazil Chile, Mexico and
Uruguay). Innovation surveys in Latin America defin@meration in different ways. An analysis by
type of partner is included, differentiating: a) cergiion with (S&T) Scientific and Technological
infrastructure, such as universities and other reBagenters; b) cooperation with other firms, inahgd
cooperation with suppliers, clients and other ingtins that are not part of the group, and c) eoajon

with firms of the group. In Latin America, on aveeaghe percentage of firms engaged in cooperative
activities for innovation is residual, ranging fron7% of total firms in Chile to 13.9% in Argentina. In
Chile, Brazil and Mexico, innovative firms tend tmoperate more with other firms (client and/or
suppliers) rather than with science and technologgjtiites or other firms of the group. In Argentind an
Uruguay, the preferred partners of innovative firmes an the contrary, the S&T research centers and
institutions. In terms of capital ownership, forefgms cooperate more than domestic ones. As fex, siz
bigger firms show a higher propensity toward coafien with respect to small ones.

4. Improving innovation surveys to better inform po licies:
towards a new research agenda

Innovation is gathering increasing attention by the regionanuenity of business analysts, experts
and policy makers. There is a rising and varied demand for nmegasmnovation efforts and
performance and for capturing the impact of policies. Measuringvation through surveys is a
recent and ongoing process in Latin America. The ECLAC-IDR{ept represents a first exercise.
Results show that there is much room for improving thea@ifp of surveys to capture innovative
dynamics in the region, to increase comparability between cesintand to refine models and
approaches to data analysis in order to draw meaningful camusi support decision makers.

The research behind the results published in $bisei represented an important learning process
for the region. One of the main strength of our apginchas been the decision of looking critically into
the data matching firm-level econometric analysis wita &vidence coming from more aggregate
innovation and production structure analysis. This heen possible by establishing a dialogue and
community of practice between experts in industtighamics and innovation in the region, which
looked into firm level data with the broader lenskthe structural and sectoral approach.

In synthesis, national innovation surveys are useful unsnts for increasing awareness
regarding the innovative conduct of firms. However, more vimrkeeded to consolidate information,
harmonize data collection and data processing in the regionisTaisnid-long term process which
requires a permanent dialogue between experts, statisticians lasydpakers. There is a need to
capitalize on current efforts, but also to improve the curresigd of innovation surveys in order to

12
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increase comparability between countries and to increase the capaafptofing innovative
dynamics and the capacity of policy makers to use the datapaigpety. Strengthening the regional
and participating in international dialogue on the issuerial.

Working with innovation surveys entails a series ofiessregarding confidentiality. Actually,
there are some restrictions on the side of NatiStetistical Offices to provide access to microdaienfr
innovation surveys. This project has benefited frbendollaboration and direct involvement of National
Statistical Offices. It is desirable to simplify peslures for accessing and processing micro-data which
also respect confidentiality issues in order to ineeehe usability of this relevant source of infornmatio

At the same time, it is important to recall that innovatiorveys are only one of the sources
to analyze innovative behaviour in the region. Their use f@nwing policy making should be
cautious and done with “cum grano salis”. Econometric analyseseid, but the technique needs to
be matched with sound theoretical approach. Innovation sustheydd be used to explore the variety
and diversity of firms strategies and analyses should aedidcing firm-level based studies in an
analysis of the behaviour of the “the representative firm”. Thearsidge of national innovation
surveys is to show differences in behaviours for helpiolicy makers understanding the type of
reality in which their policies are going to be implementedwHo do it is an open and urgent issue.
We hope that these studies will constitute a good startimg feo working in this direction.
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lI. Cooperation Partnerships in Manufacturing:
Evidence from Chile
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Abstract

In this paper we study the determinants of techmicaperation agreements in a less developed country.
By estimating biprobit and poisson models and corrgcfor selection bias we confirm previous
evidence that larger firms tend to innovate more. Howedeehnical cooperation is inversely related
with firm size suggesting that larger firms tend/éotically integrate their R&D activities. Resusisow,
however, that public support enhances technical catiperamong firms. This is especially relevant
when results also show that radical innovations ameong other things, heavily dependent on the
existence of technical cooperation contracts.

1. Introduction

It is now well accepted that innovation is a systemienpimenon. The concept of National System of
Innovation (NSI) stresses the importance not onlagents who participate in the innovation process
but particularly on the relations among them. Today,trmbthe new agenda for public intervention on
innovation is focused in promoting links among inrtaxearelated institutions rather supporting the
institutions themselves.
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It is interesting to note, however, that most of the aggeemetovation indicators do not
account for the richness of those links knowing that sucdessfavations heavily depend on the
development and integration of new knowledge into the innmvatiocess.

As suggested by the NSI literature (Lundvall, 1988) pctide firms are at the heart of the
innovation system where markets that sanction what have lesetoped is useful. Therefore, firms
not only need to read tastes and needs from consumers butnalsstand new techniques and
knowledge that may help them satisfies these needs in a peofitaip.

There is a vast literature documenting the importance of exteooates of information and
knowledge and how firms decide to use it (Jaffe, 1986; Bamand Nadiri, 1988). Information and
knowledge flows are also relevant for aggregate economic perfornfRoces(, 1990: Grossman and
Helpman, 1991). But, as traditional information theoryggsgs, knowledge can only be useful if there
exists relevant capabilities at the recipient level who could utaahet&.

Technological cooperation is one of the channels on how finag learn from external
sources. Tacit knowledge, scientific and productive experienceerpyo rights enforcements,
confidences are all issues that characterise the quality of the meldis among partners. Relative
costs, knowledge availability and expected impact are also isaiesh#dpe these interactions. And, in
this area we know very little. Especially for countries whs lagtting on innovation as a fundamental
source for economic prosperity (Benavente, 2005).

In this paper, we aim to characterize technologicalperation mechanisms among innovative
firms in the case of a less developed country,eCll particular, we seek to study the determinahts
formal cooperation among firms and the strengtthe$e agreements in the manufacturing sector where
a major share of the innovations takes place (CNIG8RMWe are also interested in the type of partners
Chilean manufacturing firms would sign cooperatagreements with and the importance of foreign
contractors among them.

To characterise these relationships we asked over a thousandgblauntstheir innovation
performance, sources of technical information, types of cooperatiol other relevant variables
following the OCDE guidelines documented in the Frascati esid @anuals.

By estimating biprobit and poisson models and ctirrg for selection bias, we confirm previous
evidence that larger firms tend to innovate morwelver, technical cooperation is inversely relatét
firm size suggesting that larger firms tend to ically integrate their R&D and/or other innovative
procedures. Lack of long term confidence relatigpsshproperty rights enforcement problems and the
existence of high transactional costs may explagdattern, thus confirming what interviewers rant
as main obstacles to innovate.

Results show, however, that public support enhances teckpimaération among firms and
with universities and research centres not only in quantityalso in quality. This is especially
relevant when results also show that radical innovations amngather things, heavily dependent on
the existence of technical cooperation contracts.

Following this introduction, in the next section we presanrief summary of previous
studies concerning technical cooperation among firms although ahthem are done for developed
countries. Then, in the third section we describe the swsey for this research and present data
relating innovation, size and technical cooperation. To exploeeimpact of these and other
observable characteristics of the firms, we present and estimate mymetoc model in order to
establish which firms are more likely to sign formal technmadperation contracts as well as the
persistence of them. All this is presented in the forth @eckinally, we summarize the main results
and suggest avenues for further research.
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2. Related literature

Theory and evidence on technical cooperation has yraclised on the determinants of R&D contracts
among firms. Based on the importance of informatilonvs, incoming spillovers, appropriability
conditions and relative costs are among the reldganes considered on the probability of signing a
cooperation agreement.

Evidence suggest that firms have a higher propensity to coepetan they can absorb
(receive and use) external public knowledge and when they can dpfd@rowledge generated by
their own innovative activities (Cassiman and Veugelers, 2002).

Results show that the ability of the firm to appropriaterdéturns from innovations also plays
a role in signing cooperation agreements (Lopez, 2004) budegkend on with whom the agreements
are signed (Mark and Graversen, 2004). For example, Atalla®b)2ggests that firms tend to
cooperate among those with similar capabilities while Schr@i@g®g) shows that firms with high
intramural R&D budgets are more likely to cooperate with ensities and research institutions than
with suppliers and customers. Spillovers also play a aslesuggested by Vencatachellum and
Vesaevel (2006).

On the other hand, previous studies found that a positipadt of R&D cooperation on
innovation performance may depend again on partners (Aschhbffehmidt, 2008; Cincera et al.,
2003). Cooperation with competitors may increase cost reduyatibile cooperation with research
institutes is beneficial if the firm wants to develop produww to the market. These results show that
the type of cooperation matters for the kind of innovatasuits obtained.

International cooperation has also been analyzed. It has bessdditat foreign partners
could increase expected spillovers especially for those receiveateditbehind the technological
frontier. However, international cooperation can increase traosattcosts due to coordination
problems, some of them in relation to the geographical dstérhuillery and Pfister, 2009).

3. Data description

In order to characterise the technical cooperation agreements of Ghitegnve extensively use the
database constructed from the Chilean Innovation Survey. Theysuas designed following the CIS
structure and is compulsory for respondents (Benavente a&spiCi996), conducted according to the
OECD instructions defined in the Oslo and Frascati Manuatscaltected by the National Institute
of Statistics.

In the case of Chile, the survey was designed to capture quelitzriations in the
innovation activities of firms. Among the objectives of tharvey was to identify the factors
underlying these changes and to evaluate the efficacy and efficiénpybbic policy towards
innovation and its related activities.

Cooperation in the Chilean survey is defined as the existenemyoformal cooperation
agreement for any innovative activity performed by the firme Shrvey also explores cooperation
with different partners like universities, public researcbaaizations (PROs), private R&D labs,
competitors, clients, suppliers or firms belonging tosiéime economic group.

Table 1 reflects the basic description of the Fourth verdidheoChilean Innovation Survey
that will be used in this studyThere are 3,122 firms in the dataset of which 1,494 (4igatp

" The fourth version performed during 2005 has atersid firms from the manufacturing, mining, eneand

services sectors.
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declared to have carried out innovations during 2003 an@@t. ’hese numbers are quite significant
once compared to other countries, even developed ones (Hall &<d@jr2006).During these two
years, the most innovative enterprises in Chile were those tihe mining sector with a 58% of
innovative firms while Services showed the lowest level wd3% of innovative firms.

TABLE 1

SAMPLE STATISTICS
All simple firms 3,122
Innovating firms 1,494
Percentage of all firms 47.85%
Manufacturing firms 1,269
Innovating manufacturing firms 640
(Percentage of manufacturing firms) 50.43%
Energy firms 150
Innovating manufacturing firms 72
(Percentage of energy firms) 57.81%
Mining firms 64
Innovating mining firms 37
(Percentage of mining firms) 57.81%
Services firms 1,412
Innovating services firms 613
(Percentage of services firms) 43.41%
Cooperating firms 185
(Percentage of innovating firms) 12.38%
Non-cooperating firms 1,309
(Percentage of innovating firms) 87.62%
Firms cooperating with universities 106
(Percentage of innovating firms) 7.1%
Firms cooperating with competitors 93
(Percentage of innovating firms) 6.22%
Firms cooperating with consultors 93
(Percentage of innovating firms) 6.22%
Firms cooperating with costumers 166
(Percentage of innovating firms) 11.11%

Source: Own elaboration.

Survey information shows that of all the innovative firmsluded in the sample, only a
12.4% of them have cooperated with others in order to peiftnovation and/or R&D activities. For
example, firms that cooperate with Universities are 106 reprageati 7.1%, while firms that
cooperate with Competitors are 96 representing a 6.2% of thleiriaovative firms. Firms which

8 Main innovation statistics based on previous warsiof the Chilean Innovation Survey could be found

Benavente (2005) and CNIC (2008).
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cooperate with Consultants are 93 (6.2%) while 166 firmpe@de with Customers representing an
11% of the innovating firms.

As suggested in the previous section, there are several elethahtsnay explain the
existence of technical cooperation among firms and/or other ificienstitutions. Despite that, this
issue will concentrate our attention during the remaininthefpaper on analyzing innovation, firm
size and cooperation. These variables are presented in graph 1.

FIGURE 1
SHARE OF INNOVATIVE AND COOPERATION AGREEMENTS BY S IZE (SALES)
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Source: 4th Chilean Innovation Survey.

As noted in the graph, there exists a positive relationsdiyween innovation and size. This
result is consistent with evidence elsewhere where size, measusrdbgitmployment or sales tend
to have a direct impact on the probability to invest in R&l#g, amount of R&D resources invested
and with the probability of performing innovation aciiedt’ However, in the case of Chile,
cooperation agreements seem not to have a close relationshigizgittMoreover, in relative terms,
micro firms tend to have tighter links with other agentseothey innovate. Of course we are in the
presence of size selection bias but it is interesting to natekittowledge specificity, property rights
enforcement, transactional costs and spillovers in general ceylthying a role and larger firms are
more aware of them.

In order to go one step further in analysing thbémiss of cooperation links among Chilean
firms in Table 2, we present variables constructednfithe survey most of them related with the
obstacles for cooperation agreements. We have ditidesample in several sub samples depending on
the sort of cooperation agreements. It is worthngothat categories in the last four columns are not
excluding. That is, firms may have sign several codizeragreements either with universities, private
labs and/or suppliers or customers.

Before moving to the results showed in the table, we nee@faelplanation of the variables
used®® Incoming spillovers measure the importance of non formal agmsnas source of codified

9 An extended survey about the relationship witmfize and R&D, innovation and related activitiesld be found

in Benavente (2002).
10" In the appendix an explanation of all variablescuand how they were constructed is presented.
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and some tacit form of transmission mechanism for innovaf@nformed at the firm. They include
professional conferences, exhibitions, meetings and access to acaddmrofessional journals. The
next three variables —easy imitation, lack of information and/rtsls are ordinal variables which

accounts for their importance as relevant obstacles for innovdtegal protection stands for a
categorical variable regarding if the firm has registered patensigned knowledge agreements.
Finally, employees and R&D intensity are presented to cofutr@cale and innovation characteristics
by the respondent firms.

TABLE 2
MEAN OF MAIN VARIABLES
Non- ’ Cooperation Cooperation Cooperation Cooperation
Sample cooperating Cotf)i;r)r?]rsatmg with with with with
firms universities competitors consultors customers
(N=3,122) (N=1,309) (N=185) (N=106) (N=93) (N=93) N<166)

Incoming 0.655 0.653 0.686 0.707 0.741 0.752 0.698
spillovers
Ealsy‘ 0.727 0.725 0.726 0.783 0.806 0.795 0.771
imitation
hﬁgk of 0.283 0.289 0.183 0.160 0.182 0.150 0.174
Cost-risk 0.223 0.224 0.2 0.235 0.236 0.225 0.198
Legal
protection 0.198 0.189 0.340 0.405 0.333 0.408 0.349
Employees 461.5 240.1 3,704.2 507.8 624.9 7028.2 09943
R&D
. . 0.012 0.011 0.021 0.032 0.020 0.020 0.158
intensity

Source: Own elaboration.

Starting with incoming spillovers, it is interestingrtote that informal as opposite to formal
cooperation agreements, like professional conferences, subs&ijatispecialized journals or the like
are more relevant for those which have formal cooperation agreecoenpared to non cooperative
firms. That is, learning by looking or learning by inteir@gtconform another mechanism on how
firms interact to their environment, searching for ideas, kedge and opportunities. It seems that
interaction formally or informally, is an attitude and firtesd to exploit all forms of it.

From the obstacles point of view, evidence suggests that #iesady experiencing a formal
cooperation contract are more aware about the imitation problemacednpvith their isolated
partners. Up until now, it is not clear that the imitatiesue explains why they have ended in a formal
contract or as a result of the cooperation experience they havesatetdwow important the topic is.

Concerning information, results presented in Table 2 sugjgesformal contracts may act as
a relevant source of knowledge. But again, we do not knowojperation agreements are signed in
order to close informational gaps or as a result of the agrégfirems realized how much knowledge
they posses and their potential. It seems that cost andgssks are not making an important
difference among those with formal contracts compared to thélseuvihem.

Finally, it is interesting to notice that formal cooperai®nelated with knowledge protection
and with R&D intensity. The econometric exercise that will lesgnted in the next sections may help
to understand the relevance of each of these factors controltisgrfee other observed characteristics
of the firms.
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4. Econometric modelling and results

In order to analyse in more detail the relationship between tmthoboperation and firms

characteristics, in this section we estimate empirical models whlate perceptions, actions and
decisions together with some observable firm characteristicsthgtprobability of signing technical

cooperation contracts. We will also analyze if differences exigriBpg on the institution that the
contract is signed to as well as the number of contracts that enfy have signed.

4.1  Signing technical cooperation agreements

We start by analysing the determinants of signing formal teehoooperation agreements in general
despite whom they are signed with. Nevertheless, before mowing is important to note that the
structure of the Fourth Innovation Survey in Chile hasititonvenience that many questions are only
answered by firms which have done at least one innovationv@time firms). In particular, all
questions referring to cooperation activities are answered grithose innovative firms.

As suggested in the previous section, this feature of #te dould lead to bias when
analysing cooperation of firms. To solve this problem, wiemese the probability of signing formal
cooperation contracts considering that a selection bias is in pMeelo so by estimating a probit
model controlling for selectivity under a Maximum Likelihooahtext. The dependent variable is that
either the firm has agreed to a formal technological cooperatie@ermgnt outside their own firm or
not. Results are presented in Table 3.

TABLE 3
DETERMINANTS OF THE PROBABILITY OF TECHNICAL COOPER ATION AGREEMENTS.
RESULTS FROM THE PROBIT ESTIMATION WITH SAMPLE SELE CTION

Cooperate (Selelcr;ir:)?\vgfqiation)
Size -0.728%* 0.746**
(0.268) (0.105)
Size squared 0.069*** -0.057***
(0.028) (0.0112)
Experience 0.001 0.003***
(0.002) (0.001)
Dummy Exports 0.470%+*
(0.057)
Public support innovation activities -0.142
(0.189)
Public support in R&D 0.442**
(0.194)
Information from public sources -0.031
(0.122)
Innovations new to the market 0.243*
(0.134)
Have patents 0.258
(0.166)
(Cost and risk are an obstacle for innovation 0.047
(0.152)

(continued)
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Table 3 (concluded)

Cooperate (Selelcr:irz)%vggeuation)
Lack of qualified workers as an obstacle for inrmra 0.009
(0.126)
Financial access as an obstacle for innovation 60.16
(0.136)
Lack of information as an obstacle for innovation 0.177
(0.154)
Easy of imitation as an obstacle for innovation 205.
(0.138)
Percentage of cooperation by sector 4.328*+*
(1.485)
Legal protection index by sector -0.916*
(0.533)
Constant 0.457 -3.124
(1.060) (0.552)
Sectorial dummies included Yes Yes
athrho -0.728*
(0.391)
rho -0.622
(0.240)
Wald test of indep. eqgns. (rho = 0):
chi2(1) 2.74
Prob > chi2 0.098
Log pseudolikelihood -957.99
Wald chi2(29) 47.70
Prob > chi2 0.0000
Observations 1260
Censored obs 569
Uncensored obs 691

Source: Own elaboration.

Note: Robust standard errors in parentheses.
*** gignificant at 1%.

** significant at 5%.

* significant at 10%.

Starting with the selection equation, results show that wenaeed in the presence of
selectivity* That is, there exist some firm characteristics that systengptafféct the decision to
innovate. Given that cooperation issues are only answered kg thbo have innovated, not
considering this selection mechanism may bias the results (Fdecknd MaCurdy, 1985).

Results shown on the last of column of Table 3 suggesfithasize, and both production
and exporting experiences play a significant role in the decisidirms to innovate. These are
consistent with previous studies which stress the relevancxadé and experience on Chilean
innovating firms (Benavente, 2005; Alvarez and Lopez, 2005).

1 The null hypothesis of no selection is rejectethat91% of confidence as indicated by the p-vathe Chi square

test reported in Table 3.
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Moving now to the cooperation determinants, reported reshitsv no major effect of
traditional obstacles in signing these agreements. There isidene& that costly and/or riskier
innovations, the lack of qualified workers, or even how eagynovation may be imitated act as a
systematic obstacle in the probability that a firm agreed fot@shhical support from outside.

What is interesting to note is the positive link betweeretip\and cooperation. Results show
that radical innovations —those which are new not only ferfilm but also for the market— are
linked with formal cooperation contracts. But it has to bed that there are firm characteristics that
are pro cooperation agreements. First is size. Results shoaftdratontrolling for selectivity, smaller
rather than larger firms tend to have more chances of having aratiop link.

This interesting result is suggesting that largengiin the Chilean manufacturing sector tend to
vertically integrate their research and innovative d@i It seems that this result is not related with
property rights regime since in the estimation weshzontrolled for the sectorial legal protection index.
Moreover, the negative impact of this later variaiiethe probability of signing cooperation contracts
shows that sectors that register more patents ahdi@ more know how agreements tend to have less
technical agreements.

On the other hand, since we are controlling for non obslengsutorial differences through
the respective dummies, it seems that the lack of a relevany afments could explain why larger
firms find it difficult to delegate their innovative actiéfi. This issue has been documented for the
Chilean context elsewhere (Benavente, 2005). However, results talm very interesting aspects
related with the probability of technical cooperation amongsfirm

Firstly, sectorial behaviour may have a relevafgctf Results clearly show sectors with more
cooperation agreements are having a positive effethhe chances that a firm which belong to thetbse
signs a technical cooperation contract. We carkspiedifferences in “cooperation culture” amongtees
Moreover, the correspondent estimator associatthistoariable is by far the largest compared éortst,
as seen in Table 3, suggesting that this sectarlre is indeed a fundamental element explaifimgs
cooperative behaviour.

Secondly, the impact of public support in building linksong different agents in the
innovation environment. Results reported in Table 3 shawthivse firms receiving public support for
their R&D activities show higher chances to sign cooperagmeements. This should be obvious
since public support demand this links compulsory —as ¢letax credit law passed during 2008 in
Chile. But it also may reflect that R&D is not a routinagfivity among Chilean firms, especially the
smaller ones, and prefer to subcontract it if a public greawéded to them.

4.2  Strength of the Interactions: number of technic al agreements

We want to move further in analysing the factors that affect firovg cooperate among them and/or
with other agents of the N&i.In the following econometric exercise we explore the determivfant

the number of cooperation and the type of partners. Avaitidike allows us to construct a variable
which counts the number of cooperation that a firm has vifithreint partners. It has to be noted that
these partners could be firms of the same economic group, éargeatients, suppliers, universities,

research centres or public research institutes, national onatitaral. In Table 4, we present results
of a Poisson estimation procedure which relates firm characemstd innovation obstacles with the
number of technical cooperation agreements that a firm signed be?@@&mnd 2004.

12 It is important to note that due to the lack offisient observations we were not able to disaggtegamong
different institutions that firms may have techhicaoperation contracts (e.g. universities, prived@sultants or
other firms).
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TABLE 4
DETERMINANTS OF THE NUMBER OF TECHNICAL COOPERATION
AGREEMENTS. RESULTS FROM THE POISSON ESTIMATION

Coefficients Marginal Effects
Size -0.007 -0.002
(0.377) (0.129)
Size squared 0.006 0.002
(0.042) (0.015)
Experience 0.0019 0.001
(0.005) (0.002)
Public support innovation activities -0.507 -0.147
(0.440) (0.110)
Public support in R&D 0.982%** 0.514*
(0.342) (0.263)
Information from public sources 0.160 0.054
(0.276) (0.091)
Innovations new to the market 0.889*** 0.309***
(0.283) (0.100)
Have patents 0.700** 0.314*
(0.315) (0.179)
Cost and risk are an obstacle for innovation 0.490 0.152
(0.344) (0.097)
Lack of qualified workers as an obstacle for inrt@a 0.201 0.071
(0.263) (0.094)
Financial access as an obstacle for innovation 660.0 -0.022
(0.317) (0.106)
Lack of information as an obstacle for innovation 0.434 -0.133
(0.364) (0.098)
Easy of imitation as an obstacle for innovation 589** -0.180**
(0.288) (0.079)
Percentage of cooperation by sector 5.183 1.772
(6.053) (1.999)
Legal protection index by sector -0.507 -0.174
(1.766) (0.603)
Constant -2.016*
(1.190)
Sectorial dummies included Yes Yes
Log pseudolikelihood -90.165
Wald chi2(29) 83.43
Pseudo R2 0.1673
Observations 691
Predicted number of events 34.2%

Source: Own elaboration.

Note: Robust standard errors in parentheses.
*** significant at 1%.

** significant at 5%.

* significant at 10%.

In terms of intensity, there are fewer variables that explaén nhmber of cooperation
agreements that Chilean firms have compared to those relatedheithrabability of signing a
contract.

On the one hand, radical innovations appear to promote artighk with other agents
suggesting the more you introduce important innovatidmsirtore relevant are cooperation contracts.
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This is an interesting point especially in countries whemevation may expect to raise if conditions
and incentives are in place.

On the other hand, public support also has a permanent effet.isT firms which have
received public support for their R&D activities tend to inceetiee number of contracts they sign.
This is also very interesting since it seems that publip@tips not only closing informational gaps
normally argued for why states should partially subsidiz&RRojects but is also promoting a tighter
relationship among NSI agents. If we believe that severalnalitsgs may increase the larger the
number of linkages among technical demanders/suppliers, we hateeranoyument in favour of
public R&D incentives.

Results do not show, however, that firm size may have a&ctesh the number of formal
interactions. As reported previously, size is important plaamring the probability of cooperating but
here we found that has no impact on their intensity. Thermigever, one obstacle that the evidence
cites as important in explaining the number of cooperativeeagents and —that is how easy
imitation could be. Results show the higher the chances ohdndree riding behaviour — that is,
expecting someone else to develop the innovation and later intitafee less the number of
cooperation firms will tend to have to do the same. Becauskeo$ymmetry of the econometric
model, with other things being equal, it is harder todteitan innovation we would expect to have
contact with a larger technical cooperation.

This last result raises the point about property right®reafment since for countries
producing non-sophisticated innovations, we may expect ihied bmong NSI to be weak and
maintained that way in time. A vicious circle may arise sinc®R&d innovation markets will find it
difficult to emerge and mature. This may have an impact oneggtg indicators like TFP and
economic performance at last.

4.3 Disentangling technological partners

The third model analyzes the type of partner chosen for coop®#vatelassified partners by their
national or international feature. Considering that Chileais ffom the world’'s best practices
especially in the manufacturing sector (Katz, 2000) we may exXpgctdoperation with international
partners could result in innovations where higher level ofn@olgy is involved or closer to the
international production frontier. In this case, there coudd different features that affect the
probability of cooperating with international partners compéwealith national ones.

These types of cooperation could be complements rather thaitugabstt will be the case
that some technological cooperation is already available at a localaledgbrobably cheaper and
other kind of knowledge probably more sophisticated andssr ¢ostly could be available abroad.

Given that these complementary and/or substitution effecisexiat, we control for it by
using a Bivariate Probit model. Maximum Likelihood Estimat{MLE) is performed assuming that
these two alternatives have a joint distribution functbbm this model we have two dichotomic
dependent variables. One of them modelling the decision moasipoperation contract with a local
agent whiles the other reflecting the decision of signing a eratipn contract with a foreign
institution. Results of the Bivariate Probit estimatioogedure are presented in table 5.

13 We do not impose that they are complements ortisutes. We just control that decisions of signazmpperation
agreements with local and/or foreign partners cbeldelated.
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TABLE 5
BIPROBIT ESTIMATION, TYPES OF COOPERATION
National Cooperation Ig?g;:f;ﬂ,?:
Size -0.450* -0.322
(0.248) (0.252)
Size squared 0.053** 0.041
(0.027) (0.028)
R&D Intensity 0.259 -4.019**
(1.050) (2.040)
Public support innovation activities -0.221 -0.137
(0.219) (0.206)
Public support in R&D 0.560** 0.534**
(0.205) (0.215)
Information from public sources 0.014 -0.122
(0.140) (0.155)
Innovations new to the market 0.299** 0.401**
(0.145) (0.163)
Have patents 0.335* 0.304*
(0.180) (0.182)
Cost and risk are an obstacle for innovation 0.129 0.140
(0.173) (0.176)
Lack of qualified workers as an obstacle for inrtava -0.038 0.069
(0.140) (0.147)
Easy of imitation as an obstacle for innovation 156. -0.303**
(0.151) (0.154)
Percentage of cooperation by sector 3.327 12.608**
(2.604) (4.522)
Legal protection index by sector -1.472 0.549
(1.312) (1.357)
Constant -0.821 -2.666***
(0.705) (0.825)
Athrho 32.621%**
(1.946)
Rho 1
0
Likelihood-ratio test of rho=0:
Chi2 (1) 236.592
Prob > chi2 0.0000
Log likelihood -240,82036
Observations 692

Source: Own elaboration.

Note: Robust standard errors in parentheses.
* significant at 10%.

** significant at 5%.

*** significant at 1%.

Results show that there is statistical evidence to suppatt vriables which identify
cooperation with national partners and cooperation with iniemadt partners have a jointly
distributed function. Moreover, results clearly show thaséhtwo decisions are complements rather
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than substitutes. That is, a firm that has higher chancegrioceoperation agreements with local
partners also has higher chances to sign agreements with foagigars.

This last result is in line with the argument that coopemaorather a cultural behaviour.
Moreover, results presented in Table 5 clearly show that the pegeenf cooperation at the sectorial
level has a positive effect on both kinds of agreements. Tleeruttural aspect is not only relevant in
explaining cooperation decisions despite to whom they arensigrbut sectorial pattern also matters.

We also find that public support for R&D is relevant in lekgng both types of cooperation
as well as if innovations are clearly a major advance for localatasdBoth variables, public support
to R&D and innovations that are new for the market has pesénd significant effects on the
probability of signing cooperation contract despite the pastoeigin.

It is interesting to note that there are some differences betvegbkrdbcisions. On the one
hand, how easy an innovation could be imitated only plagteaant role in firms signing agreements
with foreign partners. A similar result is observed forR&tensity. Both variables have a negative
and significant effect on the probability of having technimabperation contracts with foreigners.
Although we do not have a clear idea on why this is, we mgyeathat more R&D intensive firms
and/or those who are more aware about the imitation probleor example, larger local owned
natural resources intensive firms, tend to perform moreusd R&D avoiding cooperation contracts,
especially with foreign partners where unexpected and relevant ¢bonpetay arise.

Finally, results show that firms that patent also have highances of signing technical
agreements both with foreign and local partners, confirmiagcboperation is a cultural pattern.

5. Concluding remarks

Innovation is without any doubt a collective pracddowever, knowledge needed for innovation surge
partly could be subcontracted from abroad. Coas@momics suggest that this decision will depend
mainly on transaction costs.

By using a rich database, we demonstrate thatanc#ise of a less developed country, peer
behaviour seems to be very important while decittingutsource technical activities. Confidencesstir
and respect for property rights are different esgimns of these transactional costs that in Chilese are
highly relevant in explaining the probability thafirm may sign a cooperation agreements as wétieas
amount of these technical contracts.

It is interesting to note that size plays no mage tin the establishment of formal links with
technology providers. Moreover, we find that larfjens tend to have lower probabilities of signihgse
contracts. Results clearly show, however, thabifryfirm is in a sector where technical cooperatsn
frequent and the legal protection of knowledgeidscé, then firms tend to interact more. Resuks al
suggest that novelty plays a role since radicabvations are normally the result of a collectiviomf
Evidence then supports the idea that a virtuoatedetween novelty and knowledge flow could arise.

But would these virtuous circles emerge from scratch? Reslalsly suggest a positive
impact of public support in R&D in creating these cooperatigreements. This could sound obvious,
but what is new is how effective this effort is since theber of agreements rise because of public
help. Again, transaction cost including information gagenss to be reduced due to this support.

The question is now on the efficiency side. Suppgrtdirectly R&D and/or technical
cooperation rather than the institutions themselvayg deliver better results. Recently an R&D tax
credit law passed in Chile. The major differencthwither tax exemption initiatives is that the resear
must be done between the beneficiary firm and a est#ftientific centre. What the exception covers is
an estimation of the transaction cost.
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Annex

Variable Definitions

< Easy Imitation: Variable which takes values of 0 if possibiitation is not an important
obstacle for innovating, and takes values between 1 (low) &nigl) when imitation is
declared to be an obstacle for innovating. It was rescaled betwigahlly relevant) and
0 (not relevant).

« Incoming Spillovers: Variable which takes value$ @f innovation ideas are not originated
by Professional conferences, exhibitions, meetingg@urnals, and takes values between 1
(low) and 4 (high) when this activities are declatedbe sources for innovating ideas.
Rescaled between 1 (high) and 0 (not relevant).

* ‘Basicness’ of R&D: Variable which takes values of O if innawatideas are not
originated by institutional sources (Universities, Publgs@&arch Centres, etc.) and takes
values between 1 (low) and 4 (high) when institutional cesirare declared to be
important for generation innovative ideas. Rescaled betweent) érid O (not relevant).

* Lack of Information: Variable which takes values @fif lack of information is not an
obstacle, as declared by the firm, for the inneegtirocess, and takes values between 1 (low
importance) and 4 (high importance) when the latkntormation is an obstacle for
innovating. Rescaled between 0 (not relevant) afigh).

« Legal Protection: Variable that takes values of 0 if the firmriwmpatents or know-how
agreements and 1 in other case.

» Cooperation: Variable which takes values of 0 if the firmrditlcooperate in innovative
activities with any other agent (like suppliers, clients, ostitgrs, consultants,
universities, research institutes) and takes values of 1 ffirthedeclared to cooperate
with at least one of the agents mentioned above.

« Cooperation with competitors: Variable which takekies of 1 when the firm has declared
to cooperate in innovative activities with at least ofiits competitors, and takes value 0 in
other case.

« Cooperation with Consultants: Variable which takakies of 1 when the firm has declared
to cooperate in innovative activities with private saltants or R&D laboratories, and takes
values of 0 in other case.

« Cooperation with Suppliers or Customers: Varialiéctvtakes values of 1 when the firm has
declared to cooperate in innovative activities \itggtsuppliers or customers, and takes value 0
in other case.

« Cooperation with Universities: Variable which takes values offlen the firm has
declared to cooperate in innovation activities with universitespublic research
institutes, and takes value O in other case.

¢ Cost-Risk: A variable constructed with the sum of the ingmme of the following
declared obstacles for innovation: Difficulty of finding dimce sources; High cost of
innovate; High perceived risk; Payback period too long. Theegabf this variables are
between 0 (not relevant) and 4 (very important obstacle),eseattiable constructed had
values between 0 and 16. The variable constructed was rescaled befwetre®vant)
and 1 (highly relevant).

¢ Industry Level Imitation: Mean of the variable ‘Easy Imitatiéor each industry. The
industry has been defined with a 2-digit classification.
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¢ Industry Level of Incoming Spillovers: Mean of the varialtfeoming Spillovers’ for
each industry. The industry has been defined with a 2-dagsitication.

¢ Industry Level of Legal Protection: Mean of the variable ‘LeBadtection’ for each
industry. The industry has been defined with a 2-digit fleason.

« Industry Level of Cooperation: Mean of the variable ‘Coopenafior each industry. The
industry has been defined with a 2-digit classification.

« Industry Level of Cooperation with Competitors: Meanhsf variable ‘Cooperation with
Competitors’ for each industry. The industry has been defindth a 2-digit
classification.

« Industry Level of Cooperation with Consultants: Meanhef Yariable ‘Cooperation with
Consultants’ for each industry. The industry has beenetiivith a 2-digit classification.

¢ Industry Level of Cooperation with Suppliers or ©uosers: Mean of the variable
‘Cooperation with Suppliers or Customers’ for eauustry. The industry has been defined
with a 2-digit classification.

¢ Industry Level of Cooperation with Universities: Mean loé variable ‘Cooperation with
Universities’ for each industry. The industry has been defiméth a 2-digit
classification.

¢ R&D Intensity 2004: Ratio between intramural R&D expenditamed turnover.

e Size: Logarithmic function of ‘number of employees’ of thenfi This variable includes
the contracted and sub-contracted workers.

e Size squared: square of the variable ‘Size’.
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lll. Innovation and Cooperation:
Evidence from the Brazilian Innovation Survey

Ana Paula Avellar **

David Kupfer *

Abstract

Innovative Cooperation is regarded as an interesting alterriatigefirm that is trying to improve its
innovating performance in the market. Since the 1980s there degs dn increase in cooperative
activities between firms and institutions. The size, the setirappropriability regime, and the types
of partners are investigated as motivating elements of the @dimpenctivities in the innovative
firms. Based on data from PINTEC 2005, the aim of thidysts to identify the reasons why Brazilian
firms engage in innovative cooperation emphasizing the reladtwmeen the type of partners and the
choice of cooperation for innovation.

1. Introduction

During the last decades, the intensification of the innowdislsed competition process among firms
and the consequent acceleration of R&D efforts have stimulates fir adopt increasingly aggressive
innovative strategies. In this context, innovative cooperatiemveen different institutions can be

considered an important way for firms to carry out techrick@ctivities in order to remain in a good

position in market leadership.
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Since the beginning of the 1960s there has been an increasenuantber of firms using
innovative cooperation strategies. However, it is in the decatemsthé 1980s where the biggest
increase in cooperative activities can be observed, when it becameocfgarst that their internal
expertise were no longer enough to obtain an innovative imsdrtithe market (Hagedoorn, 2002).
Thus, cooperative activities started to represent opposdsnitf access to knowledge and
complementary technological resources to accelerate the innovatoespraf the firm as well as to
cost and risk sharing (Faria and Schmidt, 2007).

Facing this reality, many authors have been trying to identifough empirical studies, the
motives that lead to cooperative activities for innovation ayrfoms and different institutions, such
as universities, research institutions, clients and/or sergpli

The aim of this paper is to identify the factors that lead Baazinnovative firms to
innovative cooperation, emphasizing the relation between the typsataers for cooperation (firms,
universities, research centers, clients and suppliers) and thesdasdhe choice of this strategy by
Brazilian manufacturing industry.

To reach this objective, this article has been divided into $ossctSection 2 brings a brief
review of literature on innovative cooperation, emphasizing #raeaits that motivate the company to
choose the cooperation strategy for innovation. Section 3 psesgme characteristics of innovative
firms that cooperate in Brazil, taking into account the sizia@fcompanies and the industrial sectors
they operate in. Section 4 shows the econometrical model wehithopted, some the characteristics
of the sample and the results obtained during the studyvdsatarried out to identify the variables
that lead the firm to the decision to cooperate, and to dhewdrrelation between these variables and
the type of partners. And finally, in section 5, some commhgsof this study are presented.

2. Literature review

The innovative cooperation may be regarded as a fairly fast acieémfivay for a firm to get external
technological expertise and, thus, attempt to become a marketile#uefield of technology.

Since the 1980s, and more intensely in the 1990s, innovatioperation activities have
become very popular especially in the sectors of biotechnology ifidnation technology
(Hagedoorn, 2002). Based on this, with the aim to idemtffich elements are related to the decision
of the firm to cooperate with other companies, universitigentsl and suppliers, to engage in
innovative activities, there has been an expressive increase ircamgindies on this phenomenon
(Tether, 2002; Cassiman and Veugelers, 1999, 2002; Nega84i, Zchmidt, 2005).

Hagedoorn (1993) systemizes the specific motives of a firoaiy out R&D activities. Box
1 presents some motives that justify innovative cooperatmmbtain scale and scope benefits in
R&D, the need to incorporate complementary technology, coatinghin R&D projects, absorption
of the partner’s tacit knowledge and reduction of the innovatjele.
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BOX 1
AN OVERVIEW OF MOTIVES FOR (STRATEGIC)
INTERFIRM TECHNOLOGY COOPERATION

I. Motives related to basic and applied researchsmme general characteristics of technologicatidgwment:

-Increased complexity and intersectoral nature @i riechnologies. Cross-fertilization of scientificsciplines and fields of
technology, monitoring of evolution of technologiéschnological synergies, access to scientifiolkedge or to complementary
technology;

- Reduction, minimizing and sharing of uncertaimyR&D;

- Reduction and sharing of costs of R&D.

Il. Motives related to concrete innovation processe

- Capturing of partner’s tacit knowledge of tecluggl technology transfer, technological leapfroggin
- Shortening of product life cycle, reducing theipe between invention and market introduction.

Ill. Motives related to market access and searclofportunities:

- Monitoring of environmental changes and oppottesi

- Internalization, globalization and entry to fapeimarkets;

- New products and markets, market entry, expansigmoduct range.

Source: Based on Hagedoom (1993, p. 373)

With the objective to find new elements that explain the madinadf firms to cooperate,
besides the motives presented by Hagedoorn (1993), autlabras Tether (2002) defend the thesis
that innovative cooperation is more closely related to thedfpeovation the firms carry out than to
their characteristics. Based on data from innovative firmsarithited Kingdom, the author presents
evidence that firms which concentrate on radical innovation are meolved in cooperation and
innovation than firms that concentrate on the developmentdrimental innovation.

Cassiman and Veugelers (2002) advance the debate and test thes$igpbtt the decision
of a firm to cooperate with other institutions is parthsed on the flow of information that enters and
leaves the firm. They show that in order to take advantageisofnformation flow, the firms need
internal technological expertise, specifically R&D expertise. Thexgeguently discuss the existence
of complementarity (or replacement) between internal and external iR8&@urces presented by the
choice of the company between “making or buying” R&D activitiésugelers and Cassiman, 1999).

These authors show that firms which are more likely to coapenat those who have the
knowhow to efficiently receive and use the external expertise.dEbate is based on the concept of
“the absorption capacity” developed by Cohen and Levinthal (2@B&h they define as the capacity
of a firm to incorporate and successfully use the flow of eateinformation or spillovers for the
development of innovative activities for its own benefit.

With the aim to advance this debate, Cassiman augj®ers (2002) built a model to identify to
what extent the “incoming spillovers variable” ahd “appropriability variable” affects the probatyilof a
firm to cooperate with innovative activities, basgddata for firms of the Belgian Community Innaeat
Survey. In this survey they come to the conclusfiam “incoming spillovers” and “appropriability” f@cts
the propensity of the Belgian companies to coopesdth R&D and also affirm that the effects of thes
variables can be different when the types of cajperpartners are taken into account.

Similar to the work done by Cassiman and Veugelers (2@2ymidt (2005) analyses the
R&D cooperation determiners for the German firms, based on fdata the Third Community
Innovation Survey (CIS 3). Not only does the authod fn positive relation between the flow of
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expertise and cooperative activities, but he also tests thehegmthat the choice to cooperate is
related to the type of partnership that is established. Bastitisdhcan be observed that firms with a
big intramural innovative capacity are more likely to cooperatéh whiversities and research

institutions than with suppliers or clients.

In the several researches that have been done, Veugelers and Cassphasize that in
order to understand the motives of a firm to cooperateg#dential that its heterogeneity is taken into
account. Firstly they consider the important factors that affeciprobability of a firm to engage in
innovative cooperation as well as the size of the firm anchthestrial sector it operates in.

Regarding the size of the firm, a positive relatimiween innovating and size is considered.
(Dachs et al, 2004). Veugelers and Cassiman (199@) foawd evidence in his study that big Belgian
firms that employ more than 500 workers, are mdylito carry out internal innovative activities and,
at the same time establish cooperation partnershige small firms choose to carry out exclusively
internal innovative activities, or to buy externallyother words they cooperate to innovate.

Besides the company size variable, it is suggested that théoddoisooperate and innovate
also depends on the characteristics of the industry. The liiadisstctor variable plays an important
role in the process of understanding the behavioural dioensif the firms as regards the probability
to cooperate, such as technological opportunities of the famas the cumulativity of expertise.
(Veugelers and Cassiman, 1999; Tether, 2002)

Besides considering variables such as company size and indsesttiad, these authors also
include in their analyses the appropriability conditions ascehdeterminers for the firm to cooperate
or not. However, there is little consensus in the intemakititerature regarding the relationship
between appropriability and cooperation.

Cassiman and Veugelers (2002) continue the debate and create grriapitity indicator
considering two types of protection: legal protection, suchpatents and copyrights; strategic
protection, such as secrecy and complexity. Using a probahitisdel, the authors conclude that the
more developed the appropriability capacity of a firm is, teentikely this firm is to cooperate with
clients and suppliers. However no evidence about the decisi@odperate with universities or
research centers is found in the research.

Thus, a new point of discussion is brought up: is #pe of partner relevant to explain the
reasons for a firm to opt for innovative cooperation?

Tether (2002) believes that understanding the motives fopecation is related to the
identification of the type of partner. Belderbos et al (208ISp regard the type of partner as an
essential element to understanding the motives of firm&Rk&D cooperation. They conclude that
firms who cooperate with competitors and suppliers focusiaemental innovation and productivity
growth, while firms that cooperate with universities andeaesh centers concentrate on radical
innovation to increase market sales of products and services.

Some authors like Faria and Schmidt (2007) investigate wisictors specifically induce
companies to cooperate with foreign partners, located in othetrimsuto carry out innovative
activities. They find that German firms with external insertare more likely to cooperate with
foreign partners. Dachs et al (2004) test the same hypotesisport firms, in other words, those
who operate on the international market

Another element presented in the literature is related to thelating role of the government
in projects of cooperation by means of policies aiming absfithat are interested in making
partnerships. Negassi (2004) carries out a micro economettichl with 3,801 firms in France,
between 1990 and 1996, 46% of which were classified as innevatthis period. The author shows
an increase in the number of companies engaging in cooperativgescivith other companies when
supported by the government. In this debate, Dachs et al)(2@0#tls out for being one of the few
studies in the literature that presents no evidence of a gos#iation between the participation of
governmental R&D plans and an increase in cooperative activitiesgainms.
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In the following sections, this paper intends to describectaracteristics of innovative firms
that cooperate in Brazil and to identify the motives that éedfirms to engage in innovative
cooperation activities. Based on this, the paper also aimdentify the existence of a relation
between appropriability and cooperation as well as to investigad¢her the type of partner (other
firms, universities, research centers, clients and/or supplieflsences the choice of firms to
cooperate in innovation.

3. Characterization of innovative firms and (others )
those that cooperate to Brazilian innovation

Based on the theoretical referential regarding the motives fqrecation for innovation presented in
the previous section, the aim of this section is to charactemzeptofile of the firms that are
considered to be innovative and carry out activities of cooperér the innovation of the Brazilian
Industry of transformation, by means of empirical research.

The analysis is based on data collected during the Research of bgatalolnnovation
(PINTEC 2005) for the Brazilian firms between 2003 an@520'he concept of “innovative firm” is
used for firms, which between 2003 and 2005, carried owwvation activities aimed at the product
and, or the process. In Brazil, PINTEC (Pesquisa Indusigalnovacdo Tecnoldgica /Industrial
Technological Innovation Survey), from IBGE (Braziliantinge of Geography and Statistics), is a
survey that collected information on technological innovatdnBrazilian industrial enterprises,
which follows the methodology by the “Oslo Manual”.

This Brazilian survey contains information about) (he characteristics of firms and their
innovative efforts (expenditures for innovative idties, expenditure of internal and external R&D,
acquisition of R&D, if the firm has R&D departmetite qualification of the employees, etc.); (2) kivel
of innovation (to the market or only to firm); @}he firm realized some cooperation and the gastrd) if
the firm participated of the some public policyoiler to finance the innovative activities, etc.

It must also be clarified that according to PINTEC “cooperadioth innovation” are regarded
as the participation of the firm in R&D projects as well agqats of innovation in cooperation with
other organizations, firms or institutions, which does imply that those who are involved obtain
instant commercial benefits. It can be verified in the literataréhis subject that the type of partner is
of great relevance to explain the accomplishment of this actiVhis study considers 3 types of
partners for cooperation:

(a) Cooperation with (S&T) Scientific and Technological infrastuoet such as universities
and other research centers;

(b) Cooperation with other firms, including cooperation witipgliers, clients  and other
institutions that are not part of the group.

(c) Cooperation with firms of the group

In order to be part of a group of studies coordinated b ALE a sectoral classification that
is different from the one used by PINTEC is employed,tireiowords, the 23 constituent industrial
sectors of the National Classification of Economic Activi{@8lAE) are aggregated in 14 sections as
shown in Box 2.
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BOX 2
SECTORAL CLASSIFICATION
SECTORS CLASSIFICATION — STUDY SECTORS PINTEC — CNAE — BRAZIL
14 sectors 23 sectors

D.3: shoes and leather products Shoes and leather products
D.4: wood and paper Wood

Paper

Furniture
D.5: edition and impression Edition and impression
D.6: oil and derivatives Oil and derivatives
D.7: chemical Chemical (excluded pharmaceuticals)
D.8: pharmaceuticals Pharmaceuticals
D.9: minerals no metals Minerals no metals

Metallurgy
D.10: metals products Metals products
D.11: machinery Machinery

Office Equipment
Precision Equipments to hospitals and to industrial

automation

D.12: electrical machines Electrical machines

D.13: transportation material Transportation material

D.14: others manufactures n.e.c. Plastic and rubber products
Electronic products to communication
Recycling

D.1: foods, drinks and tobacco Foods and Drinks
Tobacco

D.2: textiles and clothes Textile

Clothes and accessories

Source: Own elaboratic

According to the results presented at PINTEC 2005, the BnazZilransformation Industry
predominantly consists of non-innovative firms. It can bsfied in chart 1 that of the 12,009 firms
present in the research about 50% (5,964 firms) can be regardedoaative firms. Among these
firms a small number declares to have carried out cooperatiorntiestiirrespective of the partner
between 2003 and 2005, or in other words, 15.2 % ohtievative firms cooperate with R&D.

The most distinguished types of partners for cooperationndrtestries, such as suppliers,
clients and other firms out of the group with 12.14 %hef innovative firms, or in other words, 724
innovative firms are involved in this type of cooperatiam.second place is the cooperation with
Scientific and Technological infrastructure (S&T) (490 firmspresenting 8.22 % of the innovative
firms. The least representative type of partners are the fifntheogroup (283 firms) with a
participation of 4.75 % of the innovative companies.
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TABLE 1
CHARACTERIZATION OF INNOVATIVE BRAZILIAN FIRMS
THAT COOPERATE - PINTEC 2005
(Number and Patrticipation)

Number and (%)

Firms (Observations) 12,009
Innovative firms (% all firms) 5,964
(49.66)
Cooperating Firms (% of innovative firms) 907
(15.21)
Cooperating with STI (% of innovative firms) 490
(8.22)
Cooperating with other firms (% of innovative 724
firms) (12.14)
Cooperating with firms of the group (% of 283
innovative firms) (4.75)

Source: Own elaboration.
Note: This includes cooperation with suppliersemts or other firms
outside the group. It includes competitors.

Initially, it is important to comprehend the Brazilian spefiits about the innovative
behaviour of the Brazilian firms, and then to discuss albeutotives that firm choice to cooperate in
innovation. Some studies analyzing the innovation of Brazihianufacturing firms suggest that their
technological behaviour is related to sector, technical systgmodfiction, capital foreign and size
(Kupfer and Rocha, 2005; Kannebley Jr, Porto and Pazzéld) 20

The innovation rhythm of Brazilian industry presents sp@bifby sectors, because it is more
related with the sector than OECD countries. The R&D activiiti®razil are concentrated on sectors
intensives in scale (including foods, textile, and shoes) gpecialized suppliers of mechanical and
electrical machinery (Zucoloto and Toneto, 2005).

Table 2 shows the heterogeneity about the innovative and ediepdoehaviour by sectors.
The 907 firms that cooperate with some type of partner2{® of the innovative firms) are
distributed in 14 industrial sectors as shown in tabl&H?s table presents in decreasing order the
pharmaceutical sector (D8), the chemistry sector (D7) , and #resfortation material sector (D13)
as the sectors that most carry out most cooperation activitiespective of the partner, among the
innovative firms, with participations of 28.68%, 27.18%¢ 23.70% respectively.

TABLE 2
PARTICIPATION OF THE INNOVATIVE FIRMS THAT
COOPERATE BY ACTIVITY SECTOR

Pocty  BRIET wee
D.1: foods, drinks and tobacco 939 128 13.63
D.2: textiles and clothes 642 44 6.85
D.3: shoes and leather products 276 33 11.96
D.4: wood and paper 712 63 8.85
D.5: edition and impression 192 23 11.98
D.6: oil and derivatives 66 9 13.64
D.7: chemical 379 103 27.18

(continued)
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Table 2 (concluded)

Pty Fome % @/@
D.8: pharmaceuticals 136 39 28.68
D.9: minerals no metals 437 78 17.85
D.10: metals products 383 39 10.18
D.11: machinery 706 124 17.56
D.12: electrical machines 223 49 21.97
D.13: transportation material 346 82 23.70
D.14: others manufactures n.e.c. 527 93 17.65
Total Firms 5,964 907 15.21

Source: PINTEC 2005.

Regarding the size of the firms that innovate and carry oyieration activities in order to
innovate, it can be verified, through table 3, that the PINEB@ple mostly concentrates on small
firms. Of the 5,964 innovative firms, 2,648 employ I#san 100 workers, and the 1,186 firms with
more than 500 employees are innovative firms.

Verifying the participation of the cooperating innovative 8trim relation to the total number
of innovative firms, it can be noticed that the large firmsehamuch greater participation. Among the
innovative firms, the cooperative firms represent about 398tesk firms.

TABLE 3
PARTICIPATION OF THE INNOVATIVE FIRMS THAT COOPERAT E BY SIZE

By Size

e RS G ey
10-49 1,551 98 6.3
50 -99 1,097 94 8.5
100 - 249 1,306 145 11.10
250 - 499 824 109 13.23
> 500 1,186 461 38.87
Total Firms 5,964 907 15,21

Source: PINTEC 2005.

An important indicator that shows the internal effort to yaat innovative activities and
which must be considered refers to the number of workergipating in R&D activities in relation
to the total number of workers of the firm. Considering total number of firms in this research, the
number of workers engaged in innovative activities in innegdirms is 0.46% of the total number,
whereas in cooperating innovative firms this number reach&80].@r in other words, the ratio of
workers engaged in innovative activities in cooperative fisrabout 1/100.

In chart 4 it can be observed that the ratio of workers engage&D activities to the total
number of workers of the firm shows similar characteristicall the sectors: in the cooperating
innovative firms the ratio of workers engaged in cooperadistvities is superior to that of the
innovative firms. This can be justified by the fact that coafey firms show greater internal
innovative efforts than other firms which characterizes cooperaititwities as complementary
activities of the internal effort and not as replaceable activities.
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However, an important heterogeneity should be emphasized arhengettors of the
Brazilian transformation Industry. According to chart 4 it edso be observed that the cooperating
innovative firms among all the sectors show distinct charatitarias regards this relation.

TABLE 4
NUMBER OF EMPLOYEES (NE) IN R&D IN RELATION TO THE TOTAL NUMBER OF
EMPLOYEES OF INNOVATIVE FIRMS AND INNOVATIVE FIRMS THAT COOPERATE

Innovative Firms Cooperative Firms
Sector NE R&D / NE Total NE R&D / NE Total
(%) (%)
It?).blééggds, drinks and 0.16 0.31
D.2: textiles and clothes 0.06 0.32
Efgdjgges and leather 0.05 0.14
D.4: wood and paper 0.15 0.40
D.5: edition and impression 0.15 0.51
D.6: oil and derivatives 0.82 2.06
D.7: chemical 1.30 1.96
D.8: pharmaceuticals 1.06 1.53
D.9: minerals no metals 0.31 0.84
D.10: metals products 0.29 0.69
D.11: machinery 1.11 2.22
D.12: electrical machines 0.95 1.84
D.13: transportation material 1.46 2.42
Eeli others manufactures 0.71 203
Total Firms 0.463 1.28

Source: PINTEC 2005.

Another indicator of the internal efforts is the expenditureirdernal activities of R&D in
relation to the total expenditure on innovative activitiesmivst of the industrial sectors the amount
spent on internal activities of R&D in relation to the tatatount is superior in cooperative firms;
29.4% in cooperative firms and 20.9% in non-cooperativastirAccording to chart 5, it can be
confirmed that cooperative firms a priori already carry oarivdl efforts of R&D.

TABLE 5
EXPENDITURE ON INNOVATIVE ACTIVITIES AND EXPENDITUR E ON INTERNAL
ACTIVITIES OF R&D IN INNOVATIVE FIRMS THAT COOPERAT E
(R$ 1,000 and %)

Innovative Firms Cooperative Firms
Innovative Innovative Activities 0

Sector Activities Interr)a] lR&D % @)/ Interqql lR&D %
Total Activities @ Total Activities C)/

1000 R$) (B 1000 R$) (D D

(1000 R$) (A) ( ) (B) (1000 R$) (C) ( ) (D) (D)
D.1: foods, drinks and tobacco 4,080,727.41 314,342.67 7.70 1,538,532.06 158,085.6 10.33

D.2: textiles and clothes 1,011,253.69 90,037.28 8.90 108,244.94 36,314.46 .5533

(continued)
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Table 5 (concluded)

Innovative Firms

Cooperative Firms

Sector ngg&zg\ée Infcrg\ilt iFg ;&D % )/ Innovative Activities Interr)ql .R&D %
Total @ Total Activities ©1
(1000 R$) (A) (1000 R$) (B) (1000 R$) (C) (1000 R$) (D) ()
D.3: shoes and leather products 555,855.44 66,597.29 11.98 210,420.98 51,900.67 6724.
D.4: wood and paper 1,915,893.84 192,052.87 10.02 802,127.34 83,403.1210.40
D.5: edition and impression 660,768.47 18,769.29 2.84 188,645.16 5,336.83 2.83
D.6: oil and derivatives 1,764,080.34 949,922.28 53.85 1,559,903.08 9420672.  60.40
D.7: chemical 2,914,088.56 683,912.97 23.47 1,639,356.98 4661422, 28.47
D.8: pharmaceuticals 1,038,727.35 180,462.22 17.37 510,973.24 110,345.27 21.60
D.9: minerals no metals 3,008,976.01 289,820.63 9.63 1,598,899.36 193,@82.5 12.08
D.10: metals products 1,231,921.15 87,183.55 7.08 260,177.10 22,450.62 63 8.
D.11: machinery 3,581,692.60 694,764.54 19.40 1,963,561.59 3732B46. 19.11
D.12: electrical machines 1,052,513.75 394,837.89 37.51 764,350.98 316,519.86 41.41
D.13: transportation material 7,445,695.44 2,466,724.41 33.13 5,629,171.96 10a9771 35.48
D.14: others manufactures n.e.c. 3,462,499.69 605,925.50 17.50 1,212,185.28 34%156. 28.47
Total Firms 33,724,693.73 7,035,353.38 20.90 17,986,550.06 4%80.61 29.40

Source: PINTEC 2005.

As it was mentioned before, it is important to consider tijpe of cooperating partner to
better understand the behaviour of the Innovative firms aziBras shown in table 6.

Firms employing more than 500 workers represent the langgsicipation among the
innovative firms. This group of firms concentrates the majomber of cooperative firms, and the
most important partner to cooperation is other firm (&).7Than the cooperation with firms of the

group (17.6%).

Firms that employ no more than 50 workers carry out mooperative activities with other
firms, such as suppliers and clients (5.0%).This groujrrof presents a distinguishing participation
in the cooperation with institutions of S&T (3.5%) amdthe cooperation with firms of the group

(0.6%). (Table 6)

TABLE 6

CHARACTERIZATION OF THE BRAZILIAN INNOVATIVE FIRMS

THAT COOPERATE BY TYPE OF PARTNER AND BY SIZE

(Number and Patrticipation)

Number and % of

. 9 Number and % of coo
By Size Number_and_ % of cooperative firms Nclgrgg?irrrigdwﬁhm f_Numbt_erhamrj] %fpf CO0D & s with other firms oFf)
(Number of innovative firms (on innovative S&T institutions(on ms ‘_Nlt o erfirms O the group
Employees) (total firms) firms) innovative firms) (on innovative firms) (on innovative firms)
10-49 1,551 98 54 77 9
(33.2%) (6.3%) (3.5%) (5.0%) (0.6%)
50 -99 1,097 94 31 77 15
(45.0%) (8.6%) (2.8%) (7.0%) (1.4%)
100 — 249 1,306 145 68 114 29
(60.0%) (11.1%) (5.2%) (8.7%) (2.2%)
250 — 499 824 109 53 80 26
(67.4%) (13.2%) (6.4%) (9.7%) (3.2%)
> 500 1,186 461 284 376 204
(79.2%) (38.9%) (23.9%) (31.7%) (17.2%)

Source: PINTEC 2005.

Note: (i) This includes cooperation with suppliesients or other firms outside the group. It ina@sdompetitors.
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Table 7 shows the importance of the sector when choosingritreaitive firms by the type of
cooperative partner. As to cooperation with infrastructur8&T the distinguishing sectors are the
Chemical sector and the Transport Material sector with particigatiof 14.4% and 12.7%
respectively. Regarding the cooperation with firms of the grélue Petrol sector and the Electrical
Equipment sector are the most outstanding with participatibb$% and 5.2% respectively

TABLE 7
CHARACTERIZATION OF THE BRAZILIAN INNOVATIVE FIRMS
THAT COOPERATE BY TYPE OF PARTNER AND BY SECTOR
(Number and Patrticipation)

Number and % of Number and % of

Number and % Number and % of Number and % of coop

B . I coop firms with coop firms with ) . )
Sector of innovative cooperative firms S&T institutions other firms (i) firms with other firms
firms (on innovative . i } ) of the group
) ) (on innovative (on innovative . L
(total firms) firms) firms) firms) (on innovative firms)
D.1: foods, drinks and 3,789 251 106 211 48
. 0 . 0, . 0, . 0, . 0,
tobacco 32.5% 6.6% 2.8% 5.6% 1.3%
D.2: textiles and clothes 4,784 141 53 137 10
. 0 0 . 0, . 0, . 0,
29.3% 3% 1.1% 2.9% 0.2%
D.3: shoes and leather 1,490 101 69 95 5
products (32.7%) (6.8%) (4.6%) (6.4%) (0.4%)
D.4: wood and paper 4,309 126 44 100 15
(30.9%) (2.9%) (1%) (2.3%) (0.4%)
D.5: edition and 1,451 36 13 33 8
Impression (36.5%) (2.5%) (0.9%) (2.3%) (0.6%)
D.6: oil and derivatives 103 11 9 5 6
(50,1%) (11.1%) (8.3%) (4.4%) (5.5%)
D.7: chemical 1,574 254 115 226 55
(49.5%) (16.2%) (7.3%) (14.4%) (3.5%)
D.8: pharmaceuticals 326 60 41 40 7
(52.4%) (18.4%) (12.6%) (12.4%) (2.1%)
D.9: minerals no metals 2,234 193 155 168 35
(27.5%) (8.6%) (7%) (7.5%) (1.6%)
D.10: metals products 2,668 173 48 128 12
(31.1%) (6.5%) (1.8%) (4.8%) (0.4%)
D.11: machinery 3,055 288 147 261 41
(44.1%) (9.4%) (4.8%) (8.5%) (1.3%)
D.12: electrical machines 865 109 56 50 45
(45.7%) (12.6%) (6.5%) (5.8%) (5.2%)
D.13: transportation 1,024 144 47 130 50
material (36.5%) (14.1%) (4.6%) (12.7%) (4.9%)
D.14: others 2,280 250 142 154 34
manufactures n.e.c. (35.5%) (11%) (6.2%) (6.8%) (1.5%)

Source: PINTEC 2005.

4. Econometric evidence

Based on the profile description of the innovafimas that cooperate, by the size of the firms el
industrial sectors, made in the previous item, $ieistion presents the results of the econometrity st
carried out in order to identify the variables thfiect the decision of the firm to cooperate aod fthis
differs when different types of partners are caergid. These variables emphasize the relation betiliee
appropriability strategies of the firms, such asirtmethods of protection, brands and patents hed t
decision to cooperate with universities, other $ieind with the group they belong to.
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4.1 Methodological procedures

The employment of the Probit model aims to estirpatdabilities that may occur during a certain éven

In this study the model aims to estimate the pritibabf firms engaging in activities of cooperatio

Four models were built with the following dependent variables

¢ Model 1- Cooperation, regardless of the partner.

« Model 2- Cooperation with Science and Technology infrastructure

¢ Model 3- Cooperation with Industries, companies out ofgt@ip such as suppliers,

clients or competitors.

¢ Model 4- Cooperation with Firms of the Group.

The explanatory variables used in the models are divided igtoups: micro-characteristics

of the firms, capabilities and obstacles. Among the charaatsriftithe firms are selected variables of
size, age, origin of capital and engagement of the companyemmatonal commerce. The variables
that embody the firms’ capabilities include indicators of iraiive efforts, number of employees of

R&D/ Total number of Employees (skill), engagement in camtirs activities of R&D, as well as

result indicators such as the variable of appropriability ¢Apr The third group is composed of

variables that show the obstacles to innovation, as regardsu#iiéication of personnel and the
identification of market opportunities (Box 3).

BOX 3

EXPLANATORY VARIABLES OF THE MODELS

Micro characteristics of the firms

Age

Size

Size2

Foreign Capital (FCap)

Export Coefficient (Exp)

Number of the years of the firm.
In (Number of employees).
In (Number of employees)2.

Dummy variable that takes the value 1 if the firas imore than 10% of
foreign capital, O otherwise.

Proportion of International sales on total of sales

Capabilities

Skills
R&D Continuous (Con)

Appropriability (Aprop)

Differentiation / Novelty of innovation
(Diff)

Sale Effort (SEffort)
Public Support (Pub)

Technological Opportunities on the S&”
Infrastructure (TO1)

Technological Opportunities on the
Industry (TO2)

Technological Opportunities on the
Group (TO3)

Proportion of R&D employment on total number of éoypes.

Dummy variable that takes the value 1 if the fienlize R&D continuous
activities and 0 otherwise.

Dummy variable that takes the value 1 if the firsksaand/or obtains patents
in Brazil or in the rest of the world.

Dummy variable that takes the value 1 if the firas fobtained innovative
results novel for the market (local, regional demational). It takes the value
0 if the firm obtained results novel only for thenf.

Value of the investments of firm with marketing aftbrts to sale.

Dummy variable that takes the value 1 if the firas meceived public
financial support for innovation activities and therwise.

Dummy variable that takes the value 1 if the firssigns high importance the
external information on the S&T infrastructure @nhdtherwise.

Dummy variable that takes the value 1 if the firssigns high importance the
external information on the Industry (Suppliersgéis, Competitors) and 0
otherwise.

Dummy variable that takes the value 1 if the firssigns high importance the
external information on the Group and 0 otherwise.

(continued)
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Box 3 (concluded)

Constraints

Dummy variable that takes the value 1 if the firssigns high importance as an
obstacle to the innovation process to the lacluafiiied personnel, O otherwise.

Lack of qualified personnel (Qualif)

Lack of access to finance (Finan) Dummy variable that takes the value 1 if the firssigns high importance as
an obstacle to the innovation process to the l&ekvailability of financial

resources, and O otherwise.

Lack of access to inform on technology
(Techn)

Dummy variable that takes the value 1 if the firssigns high importance as
an obstacle to the innovation process to the l&ekvailability of information
about technologies, and 0 otherwise.

Lack of access to information on marke
(Mark)

Dummy variable that takes the value 1 if the firssigns high importance as
an obstacle to the innovation process to the l&ekvailability of information
about markets and 0 otherwise.

Source: Own elaboration.

4.2 Characteristics of the sample

Initially, some characteristics of the analyzed sample are woetfepting. The firms of the sample
that cooperate regardless of the partner have an average of 553/emupldvhen approached
distinctively, this figure is even bigger, reaching the averageber of 1.681 employees in the group
of firms that cooperate for innovation with the group inick they participate.

Regarding the innovative effort of the firms of the samiptaun be affirmed that in firms who
cooperate with all the partners, on average, 8% of the emplayedasvolved in activities of R&D.
This percentage goes up to 10% when it concerns firms thpeie with industries.

Only 12% of the cooperative firms could count with the feiahsupport of the government
to carry out innovative activities. The financial support le# government was the lowest among
companies cooperating with infrastructure of S&T. (3%).

According to the result indicators of the innovationtef tompanies, only 18% of these firms
follow some kind of appropriability strategy. Regardihg type of partners, firms that cooperate with
other companies of the group show the highest percentage (14%).

TABLE 8
DESCRIPTIVE STATISTICS OF THE VARIABLES OF THE MODE L
Variable Name  wihal | wihsar  Cooperation  Cooperaion
partners institutions
Size Empl Med 553.02 881.93 589.40 1,681.32
Skills Skills Med 0.08 0.05 0.10 0.09
Foreign Capital Cap % 28 21 13 20
Public Support Pub % 12 3 7 10
Differentiation Dif % 25 7 12 20
Appropriability Aprop % 18 9 14
Lack of access to finance Finan % 8 1 5 6
I(;zr;]\crl:] ;)rl‘kztt:sess to information Mark % 11 2 7 8
l_ea::chkngl;oa;c;ess to inform on Techn % 9 1 7 8
Lack of qualified personnel Qualif % 7 1 3 5

Source: Own elaboration.
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4.3 Discussion of the results

The results in chart 9 show 5 explanatory variables whose atsbdaoefficients are statistically
different from zero in the four models that are presented: §ithe dirm, differentiation, source of the
capital, information about the infrastructure of S&T andadiss to qualification of personnel.

The coefficient related to the size of the company variable, neghdqwy the number of
employees, is positive and statistically significant, whizdans that the bigger the company is, the
greater the chances of cooperation are.

The differentiation strategy, measured by either the innovafidghe product or the process
for the market, presents a positive and statistically sagmifi coefficient. This shows that the firms
with a differentiation strategy have bigger chances to coopesgaiditims that do not.

The coefficient related to the origin of the cdpisapositive and statistically significant, which
means that if the firm possesses more than 10@&ifh capital, the bigger the chances to cooparate

All the models regard the information variable, aded at the infrastructure of S&T and
measured as an external source of information, agbfdnd average importance. The companies that
consider this information as of high and average mapoe are more likely to cooperate for innovation.

The shortage of qualified labor also increases the chances offrthéof cooperate. This
shortage is a relevant obstacle in the four models as thecgemii associated to this variable are
positive and statistically significant. According to thisule® may be assumed that firms engage in
cooperative activities when unable to ensure themselves withfimmia qualified labor, thus
stimulating partnerships with other organizations.

Another variable which, except for model 4, presents a pesénd statistically relevant
coefficient is the financial support of the government. Fittmas cooperate with infrastructure of S&T
and with other firms are more likely to cooperate when receivimgncial support from the
government for innovative activities.

The appropriability variable presents, only in model 2, eff@ient which is positive and
statistically significant. Firms that possess approprighslitategies are more likely to cooperate with
infrastructure of S&T.

The R&D continuous variable changes its significance between didelsa When only the
cooperation between S&T infrastructure (model 2) and Groupléh®) is considered, this variable
becomes positive and statistically significant. A hypothesisttis result is based on the fact that
these kinds of cooperation are focused on basic research that peesistant effort on R&D.

Model 2 presents the age variable, which is measured by thel pérexistence of the firm.
This variable presents a positive and statistically significaafficient, which shows that older firms
are more likely to cooperate with infrastructure of S&T. Arothariable in this model is the skill
variable measured by the employees taking part in R&D in reladitime total number of employees.
The coefficient presented by this variable is positive andsstatily relevant, thus showing that firms
with more personnel involved in R&D in relation to théatonumber of employees are more likely to
cooperate with S&T infrastructure.

Models 2 and 3 present the R&D variable with a positive aoeffi which is statistically
significant, showing that firms engaged in constant activitieR&D are more likely to cooperate
with S&T infrastructure and with industry, clients, sup@ and competitors.

Table 9 presents the group as an essential external sourcerofatibm. The result shows
that firms who consider the group as an essential externalesofiinformation to be of high and
average importance are more likely to cooperate with firms ajrtingp.
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TABLE 9
RESULTS OF THE PROBIT MODELS

Model 1 Model 2 Model 3 Model 4
Cooperation By type of partner
Independent with all sTI
Variables counterparts  jnfrastructure Industry Group
-3.035 -4.220 -3.329 -3.455
Intercept
(0.359)*+* (0.541) **  (0.338) *** (0.387)***
Age 0.0000 0.006 0.001 -0.006
9 (0.003) (0.004)* (0.003) (0.004)
Size (In n. 0.170 0.179 0.129 0.169
Micro employees) (0.036)*+* (0.044y** (0.039)*** (0.053)***
charactefistics Z:rz]ensq“are‘j 0.000 0.000 0.000 0.000
employees)~2) (0.0000) (0.0000) (0.0000) (0.0000)
Foreign 0.331 0.228 0.191 1.404
Capital (0.088)*** (0.103)* (0.090)** (0.116)**
Export -0.191 0.022 -0.007 -0.730
Coefficient (0.418) (0.509) (0.419) (0.589)
Skills 0.272 0.945 -0.436 0.045
(0.413) (0.415)* (0.549) (0.800)
R&D 0.183 0.288 0.202 -0.019
Continuous (0.114) (0.148)* (0.118) * (0.165)
Aoprooriabilt 0.091 0.154 0.120 0.088
PRIOPHIEBIY —0.080) (0.095)* (0.082) (0.110)
Differentiation 0.344 0.319 0.301 0.433
(0.083)y*+* (0.101)*** (0.086)*** (0.123)***
- -0.031 0.054 0.009 0.148
Capabilities Sale Effort
P (0.082) (0.098) (0.084) (0.113)
Inf S&T Infra 0.583 1.112 0.477 0.473
(0.082) *** (0.112)** (0.085)*** (0.118)***
0.251 0.050 0.831 0.062
Inf Industry
(0.155) * (0.191)  (0.196)*** (0.208)
0.500 0.033 0.341 0.480
Inf Group
(0.290)* (0.470) (0.294) (0.201)%*
) 0.144 0.416 0.136 0.051
Public support
(0.082)* (0.094)*+* (0.084)* (0.114)
Lﬁ;’ﬁff’g | 0.186 0.234 0.206 0.271
gersonnel (0.102)* (0.115)* (0.102)* (0.135)*
Lack of access 0.043 -0.034 0.047 -0.296
to finance (0.125) (0.140) (0.126) (0.172)
Constraints
Lack of access 0.029 -0.020 0.058 0.223
to info. On
technology (0.113) (0.128) (0.114) (0.152)
Lack of access 0.147 0.242 0.121 0.210
to information
on markets (0.121) (0.133) (0.121) (0.154)

(continued)
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Table 9 (concluded)

Model 1 Model 2 Model 3 Model 4
i By type of partner
Independent Coo_pherehtlon yyp P
Variables with STI Indust Grou
counterparts  jnfrastructure ry P
Pseudo-R2 0.1524 0.2534 0.1375 0.3134
Statistics of Observations 1.258 1.258 1.258 1.204
Models Log
9 -713.95921 -501.6066 -680.41664 -366.1449
Likelihood

Source: Own compilation.
*** significant at 1%.

** significant at 5%.

* significant at 10%.

Table 10 presents the marginal effects of the previously desdpitmdgit models. Through
these results the marginal probability of each of the variablebecdatermined.

The appropriability variable, which is the aim of this stupisesents non-conclusive results.
In model 2 only is the associated coefficient positive andsstatily significant. This shows that the
chances to cooperate with S&T infrastructure increase by 3.6% thbdirm adopts appropriability
strategies. It must be stated, however, that even thoughsgitivpaoefficients are presented in the
other models, all variables show positive signs which dstraies the absence of an inverted relation
between the appropriability variable and the cooperation variable.

Model 1 shows that a 1% increase in size of the firm resulis.4% increase in probability
to cooperate. Another important result is presented by tiggwaf capital variable. The chances of
firms to cooperate for innovation increase by 12.7% whendiveymore than 10% of foreign capital.
It is important to mention that firms who realize contirei®&D increase their chances to cooperate
by 6.7% as demonstrated by the continuous R&D variable. Awgly, firms that carry out
differentiation strategies increase by 12% the chances to coopagateless of the type of partner.
Regarding the government support variable, it can be conclidédstipport of the government
implies in a 5.5% increase in the chances of the firm to coopeitatany kind of partner.

In Model 2, a 1% size increase of the company implies theh&sces to cooperate increase
by 4.1%. With regard to foreign capital, companies possessiorg than 10% of foreign capital
increase their chances to cooperate by 5.5%. The skill variabledel 2 shows that the chances of
the firm to cooperate increase by 21.8% provided there is andféase in employees engaged in
R&D activities in relation to the total amount of employees.fér cooperation with S&T structure,
support from the government for innovative activities, éases the chances of the firm to carry out
this kind of cooperation by 10%.

The results in Model 3 show that chances of the firm to cat@encrease by 4.4% on
assumption that the company increases its size in 1%. The ofigapital possessing more than 10%
of foreign capital increases in 6.7% the chances of the firm d¢pecate with other firms of the
industry, such as clients, suppliers and competitors.

In Model 4, a 1%-size increase of the firm increases in 2h&ptobability of this firm to
cooperate. The firm possessing foreign capital increases its chtancesperate with the group it
belongs to by 31.1%. The chances to cooperate in innovdgicrease by 4% if the lack of financial
support is regarded as of high or average importance by thedirthe group.
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TABLE 10
MARGINAL EFFECTS OF THE MODELS
Model 1 Model 2 Model 3 Model 4
Cooperation
Independent .
Variables with all By type of partner
counterparts
STI
Intercept infrastructure Industry Group
Age 0.000 0.001 0.000 -0.001
g (0.001) (0.001) (0.001) (0.001)
Size (Inn. 0.064 0.041 0.044 0.027
Micro employees) (0.014)*** (0.010) ***  (0.013) *** (0.008)***
characteristics  gize squared ((nn~ 0.000 0.000 0.000 0.000
employees)"2) (0.000) (0.0000) (0.0000) (0.0000)**
Foreion Canital 0.127 0.055 0.067 0.311
gn ~ap (0.034)** (0.026)** (0.032)* (0.030)**
Export Cosfficient -0.072 0.005 -0.0027 -0.115
P (0.158) (0.1179) (0.144) (0.093)
Skills 0.103 0.218 -0.149 0.007
(0.156) (0.096)* (0.188) (0.127)
R&D Continuous 0.067 0.060 0.067 -0.003
(0.041)* (0.028)** (0.037)* (0.027)
N 0.034 0.036 0.041 0.014
Appropriability
(0.030) (0.022)* (0.028) (0.017)
. . 0.128 0.072 0.102 0.066
Differentiation
(0.030)*** (0.023) **  (0.029) *** (0.018)***
Capabili Sale Effort -0.012 0.012 0.003 0.023
apabiiities (0.031) (0.022) (0.029) (0.017)
0.215 0.240 0.160 0.066
Inf S&T Infra
(0.029)*** (0.023)*** (0.028)*** (0.017)***
0.091 0.011 0.219 0.062
Inf Industry
(0.053)* (0.042)  (0.036)*** (0.208)
0.169 0.065 0.106 0.550
Inf Group
(0.084)* (0.075) (0.080) (0.201)*
. 0.055 0.100 0.047 0.008
Public support
(0.031)* (0.024)* (0.029) (0.450)
Lack of qualified 0.071 0.057 0.072 0.046
personnel (0.039)* (0.029)** (0.036)** (0.024) *
Lack of access to 0.016 -0.008 0.016 -0.041
Constraints finance (0.048) (0.032) (0.044) (0.021)*
Lack of access to 0.011 -0.005 0.020 0.038
info. On technology  (0.043) (0.029) (0.040) (0.028)
Lack of access to 0.056 0.060 0.042 0.210
information on
markets (0.047) (0.036) * (0.043) (0.029)

Source: Own compilation.
*** significative at 1%.

** significative at 5%.

* significative at 10%.
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5. Final remarks

Innovative cooperation between different institutions to cautyinnovative activities can be regarded
as an important resource for a firm to remain in a market-lgambsition. However, as regards Brazil
through results obtained during the PINTEC 2005, thiategy is still in its early stages. The
transformation industry presents a small number of innavdirms (50%) of which only 15%
cooperate in R&D.

Due to the interest in the motivating factors of innovativepeoation, several studies in the
literature (Veugelers and Cassiman, 1999; Cassiman and Veug@ée?s,Schmidt, 2005) emphasize
the need to take the homogeneity of the firms into accountngrtite important factors are the size
of the firm, the industrial sector it operates in, thgiarbdf its financial resources, the appropriability
strategy of the firm and most importantly the type of coaipe partner.

The industrial sectors with the Brazilian transformation #tiduthat contain the largest
number of cooperating innovative firms are the pharmaceutical $8&nrthe chemistry sector (D7),
and the Transport sector (D13), irrespective of the partnern@niee innovative firms, with
participations of 28.68%, 27.18%, and 23.70% respectively.

Bigger Brazilian firms present at the PINTEC 2006erate more than smaller firms, or in other
words, 50% of large innovative firms realize innibxe cooperation. With respect to the type of partn
the Chemical and Transport sectors concentrat@@pecation with S&T Infrastructure. A hypothesis fo
this result is based on the fact that they conatentin basic research done by these institutions.

Based on this scenario, the study carried out an economethicsstailar the one realized in
the international literature. The evidence found coincides in ragpgcts with the results obtained
from other countries.

With respect to the size of the firm, as well as the resuttsrda by Veugelers and Cassiman
(1999), Negassi (2004) and Fristch and Lukas (2001), teffigent related to the size of the
company variable, measured by the number of employees, isv@amiid statistically significant,
which means that the bigger the company is, the greater the chamoeperation are. It should be
emphasized that Model 1 shows a 1% increase in size of therdgufis in a 6.4% increase in
probability to cooperate.

As shown by Cassiman and Veugelers (2005) to Belgian fifims, Model 2, the
appropriability variable presents a positive and statisticalyificant coefficient. Firms that possess
appropriability strategies are more likely to cooperate wittagtructure of S&T.

Another variable that was analyzed refers to continuous R&D aptéon for cooperation.
Negassi (2004) finds in his study that for Belgian firtms realization of continuous R&D activities
increases the chances of the firm to cooperate. The author ak® thigt these continuous R&D
activities enable companies to absorb external expertise thuslagiilg the choice to cooperate,
following the concept of “the absorption capacity” of Cohen laaxdnthal (1989).

The result obtained in Model 1 of this present studyinsla to that found by Negassi
(2004), as it shows that a 1% increase in size of therésults in a 6.4% increase in probability to
cooperate. Another important result is presented by the arfgiapital variable. The chances of firms
to cooperate for innovation increase by 12.7% when they owa than 10% of foreign capital. It is
important to mention that firms who realize continuous Ri&Erease their chances to cooperate by
6.7% as demonstrated by the continuous R&D variable.

As regards the origin of resources as a determining factahéochoice to cooperate, the
result obtained in model 3 shows that firms the possesdionore than 10% of foreign capital,
increases by 6.7% the chances of a firm to cooperate with atiherdf the industry, such as clients,
suppliers and competitors. In Model 4, the firm posseskingign capital increases its chances to
cooperate with the group it belongs to by 31.1%
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Another variable that was tested in this study refers téiqpsibypport, with results coinciding
with those found by Negassi (2004) for French firms. Mddshows that support of the government
implies in a 5.5% increase in the chances of the firm to coopeititeany kind of partner. As for
cooperation with S&T structure, support from the governm@ninnovative activities, increases the
chances of the firm to carry out this kind of cooperatiod®#s6.

This paper contributes in an original way to the emergingatdelon innovation and
cooperation in emerging economies. New research is needed onithefbamv methods and better
measures, and on the reasons and motivations which explastahe performance in cooperation,
especially in light of the prevailing specialization patterner€his a need to increase the knowledge
on the performance in cooperation and innovation in high tectors by SMEs and the role of
appropriability gaps and lack of complementary assets in expgaihe scant propensity to engage in
cooperative activities.
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Annex
TABLE 1A
MARGINAL EFFECTS. COOPERATION WITH ALL PARTNERS
dy/dx Ef,? z P>z [ 95% Interv. Conf. ] X

Age 0.00 0.00 0.02 0.98 -0.02 0.00 28.67
Size (In n. employees) 0.06 0.01 4.69 0.00 0.04 0.09 6.02
Size squared ((In n employees)*2) 0.00 0.00 0.61 0.54 0.00 0.00 5900000
Foreign Capital 0.12 0.03 3.73 0.00 0.06 0.19 0.30
Export Coefficient -0.07 0.16 -0.46 0.64 -0.38 0.24 0.07
Skills 0.10 0.15 0.66 0.51 -0.20 34.95 0.05
R&D Continuous 0.06 0.04 1.65 0.10 -0.01 0.15 0.81
Patenting 0.03 0.03 1.14 0.25 -0.02 0.09 0.51
Differentiation 0.12 0.03 421 0.00 0.07 0.19 0.57
Sale Effort -0.01 0.02 -0.38 0.70 -0.00 0.05 0.57
Inf S&T Infra 0.21 0.03 7.42 0.00 0.15 0.24 0.57
Inf Industry 0.09 0.05 171 0.08 -0.01 0.19 0.92
Inf Group 0.17 0.08 2.01 0.04 0.00 0.33 0.95
Public support 0.05 0.03 1.76 0.08 -0.00 0.11 0.40
Lack of qualified personnel 0.07 0.04 1.81 0.08 -0.00 0.15 0.32
Lack of access to finance 0.01 0.05 0.34 0.73 -0.08 0.10 0.18
Lack of access to info. on technology 0.01 0.04 0.25 0.80 -0.08 0.09 0.22
Lack of access to info. on markets 0.05 0.05 1.20 0.23 -0.03 0.15 0.20

TABLE 1B

MARGINAL EFFECTS. COOPERATION WITH S&T INSTITUTIONS
dy/dx Etr? z P>z [ 95% Interv. Conf. ] X

Age 0.00 0.00 1.63 0.10 0.00 0.00 28.67
Size (In n. employees) 0.04 0.01 4.04 0.00 0.02 0.06 6.02
Size squared ((In n employees)"2) 0.00 0.00 1.12 0.26 0.00 0.00 5900000
Foreign Capital 0.05 0.03 2.10 0.04 0.00 0.10 0.30
Export Coefficient 0.00 0.12 0.04 0.96 -0.23 0.24 0.07
Skills 0.22 0.09 2.28 0.02 0.03 0.40 0.05
R&D Continuous 0.06 0.03 217 0.03 0.06 0.12 0.82
Patenting 0.04 0.02 16 0.10 -0.00 0.08 0.51
Differentiation 0.08 0.02 3.24 0.00 0.03 0.12 0.56
Sale Effort 0.01 0.02 0.56 0.58 -0.03 0.05 0.57
Inf S&T Infra 0.25 0.02 10.46 0.00 0.19 0.28 0.56
Inf Industry 0.01 0.04 0.27 0.79 -0.07 0.09 0.924
Inf Group 0.06 0.07 0.86 0.39 -0.08 0.21 0.95
Public support 0.10 0.02 4.20 0.00 -0.06 0.13 0.05
Lack of qualified personnel 0.06 0.03 1.95 0.05 0.00 0.11 0.32
Lack of access to finance -0.00 0.03 -0.24 0.80 -0.07 0.05 0.18
Lack of access to info. on technology -0.00 0.03 -0.16 0.87 -0.06 0.05 0.22
Lack of access to info. on markets 0.06 0.04 1.69 0.09 -0.01 0.13 0.20
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TABLE 1C
MARGINAL EFFECTS. COOPERATION WITH INDUSTRY
dy/dx Etr(ri z P>z [ 95% Interv. Conf. ] X
Age 0.00 0.00 6.10 0.00 0.03 0.07 5.54
Size (In n. employees) 0.04 0.01 1.13 0.26 0.00 0.00 6200000
Size squared ((In n employees)"2) 0.00 0.00 1.63 0.10 -0.01 0.10 0.23
Foreign Capital 0.07 0.03 1.02 0.30 -0.02 0.08 0.22
Export Coefficient -0.00 0.14 -0.30 0.76 -0.04 0.03 0.10
Skills -0.15 0.18 0.23 0.81 -26.39 33.47 0.00
R&D Continuous 0.07 0.04 3.61 0.00 0.04 0.13 0.37
Patenting 0.04 0.03 5.40 0.00 0.08 0.16 0.48
Differentiation 0.10 0.02 6.45 0.00 0.10 0.18 0.76
Sale Effort 0.04 0.03 1.94 0.05 0.00 0.10 0.43
Inf S&T Infra 0.00 0.03 2.64 0.01 0.02 0.14 0.16
Inf Industry 0.16 0.03 0.26 0.79 -0.10 0.13 0.04
Inf Group 0.22 0.04 0.68 0.49 -0.08 0.16 0.05
Public support 0.05 0.03 -0.31 0.75 -0.10 0.07 0.07
Lack of qualified personnel 0.07 0.04 2.87 0.00 0.27 1.42 0.08
Lack of access to finance 0.02 0.04 1.94 0.05 0.00 0.12 0.32
Lack of access to info. on technology 0.02 0.04 -0.24 0.76 -0.05 0.05 0.18
Lack of access to info. on markets 0.04 0.04 -0.16 0.88 -0.05 0.04 0.22
TABLE 1D
MARGINAL EFFECTS. COOPERATION WITH GROUP
dy/dx Etr? z P>z [ 95% Interv. Conf. ] X
Age -0.00 0.00 -1.46 0.14 -0.00 0.02 28.62
Size (In n. employees) 0.03 0.00 3.20 0.75 0.01 0.04 6.07
Size squared ((In n employees)*2) 0.00 0.00 2.30 0.02 0.00 0.00 6200000
Foreign Capital 0.31 0.03 10.50 0.00 0.25 0.37 0.31
Export Coefficient -0.11 0.09 -1.24 0.21 -0.29 0.07 0.07
Skills 0.01 0.13 0.06 0.95 -0.24 0.26 0.05
R&D Continuous -0.00 0.03 -0.11 0.90 -0.05 0.05 0.85
Patenting 0.01 0.01 0.80 0.42 -0.02 0.05 0.52
Differentiation 0.07 0.02 3.69 0.00 0.03 0.10 0.58
Sale Effort 0.02 0.02 1.32 0.18 -0.01 0.06 0.58
Inf S&T Infra 0.06 0.02 3.86 0.00 0.03 0.10 0.57
Inf Industry 0.06 0.21 0.31 0.76 -0.05 0.07 0.93
Inf Group 0.55 0.21 0.78 0.43 -0.03 0.08 0.05
Public support 0.01 0.02 0.45 0.66 -0.02 0.04 0.42
Lack of qualified personnel 0.05 0.02 1.88 0.06 -0.02 0.09 0.32
Lack of access to finance -0.04 0.02 0.48 0.63 -0.03 0.04 0.18
Lack of access to info. on technology 0.04 0.03 1.36 0.05 0.00 91.00 0.22
Lack of access to info. on markets 0.21 0.03 1.26 0.21 -0.02 0.09 0.20

Source: PINTEC 2005.
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I\VV. Cooperation for innovation in the
manufacturing industry in Mexico

Celso Garrido *°
Ramon Padilla-Pérez 1’

Abstract

Cooperation is of great importance to innovation. Empiritatlies have focused mainly on the
determinants of overall cooperation and by type of partner.aitheof this paper is to identify the
main factors associated with cooperation for innovation innmheufacturing industry in Mexico,
using firm-level data from the innovation survey, digtiishing between product and process
innovation. This distinction provides original econometdsults that contrast and complement the
existing literature: size and appropriability are associated @ritii cooperation for process
innovation, while sectoral specificities and origin of capital significant only to explain cooperation
for product innovation.

1. Introduction

The existing literature widely recognises that technical changedlective activity and an outcome
of interaction (Kline and Rosenberg, 1986; Johnson, 1888uist, 1997; Fagerberg et al., 2005). As
a result, cooperation between firms and suppliers, usengeraities and research centres, among
others, is of great importance to improve and create new prododtprocesses (Lundvall 1992;
Tether, 2002; Arundel and Geuna, 2004). The increasing microeto data available on innovation

¥ United Nations Economic Commission for Latin Amariand the Caribbean (ECLAC), Presidente Masaryk 29,

Col. Polanco, 11570, Mexico City.
! Corresponding author. Postal address (permanemessjd Presidente Masaryk 29, Col. Polanco, 116#&Xico
City.E-mail: ramon.padilla@cepal.org. Phone: + 55263 9664; Fax: +52 55 5531 1151.
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activities have spurred the elaboration of a wide array of erapstudies on the determinants of
cooperation for innovation (e.g. Tether, 2002; Belderbos.,e2@0D4; Veugelers and Cassiman, 2005;
Arranza and Fernandez de Arroyabe, 2008), due to the dissemiofitimovation surveys.

This paper aims to identify the main factors associated witheration for innovation in the
manufacturing industry in Mexico, using firm-level datanfrthe Mexican Innovation Survey (MIS)
on manufacturing and services undertaken in 28@his survey provides information on firms that
claimed to cooperate with other firms, universities and researdhesgas well as data on firm’'s
background characteristics (size, origin of capital, sector, atd.)strategies (export activities, R&D
intensity, use of external sources of knowledge, etc.).

The existing empirical literature has concentrated on studyiegdéterminants of overall
cooperation for innovation and the determinants by typeadier (e.g. Fritsch and Lucas, 2001;
Leiponen, 2001; Cassiman and Veugelers, 2002; Tether, E¥)@erbos et al, 2004; Bonte and
Keilbach, 2005). Yet no efforts have been made to study tleentdieants of cooperation by type of
innovation, distinguishing between product and processvatiom. Empirical studies show that the
determinants of product innovations differ importantlyrirthose of process innovations (Cabagnols
and Le Bas, 2002; Kannebley et al. 2005; Padilla-Pérez)2B08his line, the central hypothesis of
this paper is that the determinants of cooperation for ptothnovation differ from those of
cooperation for process innovation. The MIS, in contrasthier national innovation surveys in Latin
America (e.g. Argentina, Brazil, Chile and Uruguay), providg®rimation to study the factors
associated with cooperation for innovation, distinguishingype of innovation.

This study relies on descriptive statistics and econometriccanalyse background
characteristics and strategies of innovative firms, and how tiaesers relate to cooperation for
innovation. Previous studies on innovation and technologiapbbilities in Mexico (e.g. Cimoali,
2000; Padilla-Pérez, 2006; Garrido and Padilla, 2009 ghawproduct and process innovations are
not very common in the manufacturing industry. Otheriggidhow a high level of concentration of
the innovation activity in a few large local and foreign firaisthe same time that small and medium-
sized enterprises (SMEs) conduct scant innovation activities.eViience presented in this study
confirms that collaboration for product or process innowatibetween firms and universities or
research centres is scant. Instead firms cooperate with other ifichaling subsidiaries of the same
economic conglomerate which they belong to.

The paper is divided into four sections. The following isec® discusses the conceptual
framework of cooperation for innovation, examining differsininds of theoretical literature, as well
as the motives and benefits arising from cooperation. Thimdesection also reviews the existing
literature to identify factors that are potentially associatetl wooperation. Section 3 presents the
empirical analysis making use of descriptive statistics and ewamios. Section 4 concludes,
highlighting general policy implications and opportunitiesmprove the methodology of the MIS.

8 This paper is part or a regional project on R&D pemtion in Latin America, coordinated by the Eaoim
Commission for Latin America and the Caribbean (BC). and the International Development Research r€ent
(IDRC) from Canada. The countries included in gmisject are Argentina, Brazil, Chile, Colombia, Nt=xand
Uruguay, all of which have conducted innovationvsys in previous years. The project aims to elaBora
comparative studies between countries, using comfraomeworks and methodologies. This paper contedbuwuith
the study of the Mexican case.
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2. The conceptual framework

2.1 Cooperation for innovation

Evolutionary economic theories assume that technical change islmemmprocess’ Innovation is
seen as a set of linkages, realised through an interactive ptiogeissboth internal and external to the
firm.?° Such interactions take part not only at the beginning,ratiier throughout the innovation
process (Kline and Rosenberg, 1986). Although in-firmviigts play a crucial role, there are some
very important technical change processes that are external tanthestdich as relationships with
universities, R&D laboratories, customers, suppliers and ettogs (Bell and Pavitt, 1995).

As a result of interactions, different pieces of knowledge beammbined in new ways, new
knowledge is created and existing knowledge is dissemiraiddabsorbed. Technical change is
seldom an individual activity; it is rather a collective acyivand an outcome of communication and
interaction (Johnson, 199%)In addition, innovative and competitive firms are compeltedccess
external sources of knowledge to face current international treads,as growing global competition
due to trade and investment liberalisation, increasing complekitew technologies and rapid pace
of technical change.

Cooperation for innovation between firms and other innonatigented organisations may
take place through informal or formal mechanisms (joint vesturesearch partnerships, license
contracts and equity holding, among others). There are seveditbeamising from cooperating in
innovation activities. First, it may increase the efficiency imfestments in R&D and other
innovation-related activities by reducing the duplication obredf and reaping the benefits of
synergies in R&D (Silipo and Weiss, 2005). Second, codperagives access to external
complementary resources to better exploit existing resourcege(thzorn et al., 2000). Third, the
externalities created by technological spillovers may be intsguhlhrough cooperation, enhancing
the appropiability of research results. Fourth, cooperatioatesenew investment opportunities in
highly-profitable, but risky activities, by sharing costsd risks among participants. Fifth, it fosters
knowledge transfer and technological capability building (Eiaedttand Schoonhoven, 1996).

There are different strands of literature that study whysficaoperate in R&D activities and
what the results of such cooperation are, from a theoret@&rab@ctive. From a transaction cost
perspective, research partnerships are explained as a hybrid forganfsation between hierarchical
transactions within the firm and contractual transactions eénntlarket place (Pisano, 1990). This
strand emphasises transaction cost efficiency and knowledge comalgtyies the main motivations
to cooperate (Belderbos et al, 2004; Arranza and Ferndndez daler@®008). Transaction costs are
minimised through own development within the firm, bhik tstrategy restricts access to external
knowledge. On the other hand, cooperation allows access toa@xteowledge, but may reduce the
benefits coming from the innovation (Veugelers and Cassin@@r)2

From a strategic management perspective, cooperation is seen asaaismedo improve
competitiveness, since it gives access to complementary resourced teegploit better the existing
resources (Hagerdoorn et al., 2000). In this line, the resdhased view of the firm, one of the
approaches adopted by strategic management scholars, poirttataatdperation is a popular way to
obtaining critical resources for the firm, acknowledging thahmetitive advantages may arise not
only from own resources, but also from accessing externalroesothrough cooperation (Belderbos
et al, 2004; Arranza and Fernandez de Arroyabe, 2008).

1 In contrast, the linear approach assumes thaniesl change can be explained entirely by demangupply

considerations. See, for instance, Schmookler (1866 Landes (1969).

Kline and Rosenberg (1986) define it as a “ctiaked” process.

This systemic approach has set up the foundaf@mmihie widespread literature on systems of intiona See, for
example, Freeman (1987), Lundvall (1992b), Neld®98) and Edquist (1997).
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In turn, industrial organisation scholars have focusedesource allocation and economic
welfare effects of cooperation in R&D (Hagerdoorn et al., 2000)perfect appropriability,
commonly resulting from R&D activities, affects the decisiod Aenefits from cooperating. On the
one hand, when technological spillovers are high, cooperfitmg that internalise these spillovers
are more profitable than non-cooperating firms. On the otlvad,Hmperfect appropriability increases
the incentive of firms to free ride on each other’'s R&D eff@visugelers and Cassiman, 2005).

The literature that studies research cooperation with specificepgirim also prolific. The
importance of lead customers or users in helping to devedepproducts and processes is widely
recognised (e.g. Lundvall, 1992; Shaw, 1994). These paripestovide complementary knowledge,
a better understanding of user behaviour and needs, and enfamgportunities that innovation is
adopted by other firms within the same user community (Te892; Tether, 2002). Alternatively,
universities and public research centres play a major rolegimating and promoting the diffusion of
knowledge and technologies that contribute to industriahviations (Gibbongt al 1994; Mansfield
and Lee, 1996; Rivera, 2002; Arundel and Geuna, 2004; Sdgjases and Arauzo-Carod, 2008). In
particular, research universities are important sources of fundarkaowledge and industry relevant
technology in modern knowledge-based economies (Mowery andafag@5). Universities and
research centres are especially useful for basic and long-termistratsgarch, the type of research
that many firms consider too expensive to conduct it alon&ér,e2002).

Empirical studies on R&D cooperation have used Ipdirm-level data from the European
Community Surveys (CIS). Several papers have stubledeterminants of R&D cooperation by type of
partner (e.g. Fritsch and Lucas, 2001; Leipone®@l2@assiman and Veugelers, 2002; Tether, 2002;
Belderbos et al, 2004; Bonte and Keilbach, 2008, Aamanza and Fernandez de Arroyabe, 2008). They
have found that the factors associated with a higtepensity to cooperate vary between differerthpes.

For instance, Belderbos et al. (2004) point out finen size has a positive and significant impant o
cooperation with all partners, while expenditunefé@:D have a positive impact only on vertical (sigrs

and customers) and institutional cooperation (rekeeentres and universities). By the same tolten, t
choice of R&D partner depends on the needs ofiime FFor instance, Arranza and Fernandez de Armyab
(2008) argue that cooperation with suppliers arstiorners is most important for accessing complementa
resources, and contribute with valuable informationuser needs, markets and technology. In contrast
cooperation with universities and public researehtres, especially for advanced technologies, offer
substitute resources, i.e. technological knowlettgd is not easily available in the entrepreneurial
environment or offered in the markets.

However, no efforts have been made to study thermetants of cooperation by type of
innovation, i.e. distinguishing between cooperationed at developing new processes from that aahed
developing new producté.As mentioned before, the MIS inquires whetherfitre had a cooperation
agreement to innovate products or processes. fitbisnation offers the opportunity to conduct agio!
analysis on the factors associated to cooperaistinglishing by type of innovation.

There have been various attempts in the existing literaturemdtifid different types of firm-
level technological capabilities and each type has been associatedfieittnd activities, different
types of innovation and different firm’s background chargsttes and strategies (e.g. Bell and Pauvitt,
1993; Lall, 1993; and Romijn, 1999; Viotti, 2002)ntiarly, some scholars have studied the product
life cycle distinguishing between product and process infamaiUtterback and Abernathy, 1975;
Hobday, 1995; Klepper, 1996). These authors argue thetetiff firm-level technological capabilities

= Following the Oslo Manual, a product innovation“iBe implementation/commercialisation of a prodwdth

improved performance characteristics such as tivatebbjectively new or improved services to thexamer”
(OECD, 1990, p. 8). In turn, a process innovatmtthie implementation/adoption of new or signifidgmmproved
production or delivery methods. It may involve chas in equipment, human resources, working metloods
combination of these” (OECD, 1990, p. 8).
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are needed to innovate products or processes and that thoseiteepalgipend upon the stage of
development of the firm and the industry.

Existing literature on the determinants of process and ptadnoovations also supports the
relevance of central hypothesis of this research. Empiricalremddtical studies have concluded that
large firms devote more efforts to process innovation thaal girms (Pavitt et al. 1987; Scherer,
1991; Cohen and Keppler, 1996; Yin and Zuscovitch, 1928lilla-Pérez, 2006) and that there are
significant differences across industrial sectors in their g@sity to innovate process or products
(Klevorick et al., 1995). Using innovation surveys, sommpirical studies have analysed the
determinants of product and process innovations (Cabagnolsddas 2002; Kannebley et al., 2005;
Gooroochurn and Hanley, 2007). They have found that sacter$, such as a firm's background
characteristics (export orientation, origin of capital and salctiferences), use of external sources of
knowledge, R&D intensity and appropriability strategy agnigicant to explain differences in the
propensity to innovate either products or processes.

This subsection reviewed the main concepts and findings @xikéng literature. The next
subsections describe the selection of dependent and independéablesarused in the
guantitative analysis.

2.2 Dependent variables

The econometric analysis presented in the next section of #per pncludes three dependent
variables: cooperation for product innovation, cooperation garcess innovation and overall
cooperation for innovation (either or both type of coopemndtith must be mentioned that cooperation
for innovation is a more flexible and broader concept than catperin R&D, since product and
process innovations may be only new to the firm and witinmolvement of formal R&D activities.
The MIS does not ask about the motivations for establistiiege links or how successful the
cooperation had been, restricting the empirical analysis.

To choose the factors potentially associated with cooperationrfovation the empirical and
theoretical literature was reviewed; specific characteristics of thevid® also taken into account.
Independent variables were divided into two groups: backgraharacteristics and strategies (see
Appendix 1 for further details on dependent and indepéndgiables).

2.3 Background characteristics

Firm size measured by the number of employees, is expected to havetigepeffiect on the
propensity to cooperafé Large firms in average carry out more R&D and are more likepossess
absorptive capacities to benefit from research partnerships. Liamgge dre also more likely to be
involved in multiple technologies and innovation projediattmay require various partnerships
(Belderbos et al., 2004; Negassi, 2004). Firm size squaraldo included allowing for a non-linear
relationship. As for previous empirical studies, Fritsch lamkhs (2001); Tether (2002); Belderbos et
al. (2004); Negassi (2004); Veugelers and Cassiman (200bAmanza and Ferndndez de Arroyabe
(2008) among others, show that there is a positive impagzefon R&D cooperation. Following the
existing literature discussed previously, it is expected fhattas a positive impact on cooperation
for process innovation, but not on cooperation for prodtumovation.

A dummy variable for firms that are part of a group isudeld. A firm that is part of a group
may have access to technological and financial resources that nmadee iittractive for cooperation
agreements, but on the other hand it may have less incemtivesgerate with external sources, since

2 There are many empirical studies that have aedlfse relationship between innovative activity éimd size. See
Rothwell and Dodgson (1994) and Freeman and Sa8&] for further details on the relationship betwdirm
size and innovation.
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it may find within the group all the knowledge it needsnitarly, a dummy variable for origin of
capital is included. Foreign subsidiaries may have greaterroesoio cooperate, but at the same time
fewer incentives to do it given their access to the resources fne multinational company
(Veugelers and Cassiman, 2005).

Finally, the regression controls for sector-specific charadtay;ste. the sector in which the
firm operates. The existing literature recognises that in gefirenal that belong to different industrial
sectors have important dissimilarities in terms of pace of tdebical change, needs to access
external sources of knowledge and the type of sources they intgtiagiPavitt, 1984; Klevorick et
al., 1995; Coheet al, 2002). In this line, links with public research centras @niversities are more
important for firms operating in science-based fields, and daseloping technologies such as
biotechnology and new materialSectoris also expected to be significant in the analysis by type of
innovation, since, as mentioned, different sectoral trajectoreesharacterised by different types of
innovation and, in turn, dissimilar propensity to coopergth external sources of knowledge.

2.4 Strategies

R&D intensity is expected to increase the probability of eoation for innovation. The higher the
intensity, the larger the number of projects and the opgtyrttoncooperate. R&D intensity denotes
absorptive capabilities, i.e. the ability to learn from thekwair others and from their environment
(Cohen and Levinthal, 1990), as well as the ability to iflemiw technological opportunities and
create new relationships with external sources of knowledgeastdhe importance of R&D intensity
three variables are included in the econometric analysis: R&D ditpenas a percentage of total
sales, R&D personnel as a percentage of total number of employédseapresence of an R&D
department within the firm. Regarding empirical studiesséhitand Lukas (2001), Tether (2002),
Belderbos et al. (2004) and Negassi (2004), among otherg, ttat R&D intensity is positively
associated with R&D cooperation.

More complex or novel innovations are more likely to demarneraation with external
sources of knowledge, since the probability that the firmelHdsowledge needed for generating such
innovations is lower. More complex innovations involve aseater market uncertainty (Fritsch and
Lukas, 2001; Tether, 2002). An ordinal variable to distisky between innovations that are new to the
firm, new to the country and new to the world is includEdis variable is relevant only for overall
cooperation and cooperation for product innovation, sinceesgitded in Appendix 1, the innovation
survey asks firms about the degree of novelty of new predoet not about that of new processes.

A higher share of sales to foreign marketgpprt3 is expected to be positively correlated
with cooperation for innovation. The access to new and biggekets generates economic incentives
for increased innovative effort, and hence to cooperate. Given nhwing competition in
international markets, which are characterised by high-qualityliffiedentiated goods, short response
times, etc., companies that want to compete successfully in tleekets) and indeed to survive, are
compelled to innovat&

The importance of public resources to fund innovation projecssessed through a dummy
variable (1 if it the firm claimed to receive public funds,tBeswise). The effect of this variable on
cooperation for innovation is not clear since, on the onad,haublic funds may disincentive
cooperation through reducing financial bottlenecks within the; fon the other hand, public funds
may be designed to incentive cooperation (Belderbos et al.,)),2fi4instance funds to foster
university-industry links.

24 A wide range of theoretical and empirical studies pointed to a positive relationship betweenosspand
technical change. See, for instance, Soete (188d)Dosi et al. (1990).
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Incoming spillovers and appropriability have been widelgis in the existing literature as
factors potentially associated to cooperation for innovatianEbndt and Veugelers, 1991; Kesteloot
and Veugelers, 1995; Cassiman and Veugelers, 2002; Belderilos2€04). These factors affect the
rate of innovation and the ability of the firm to approgritite returns from innovation. There is a
positive relation between external information flows and #msibn to cooperate. At the same time,
firms that are more effective at appropriating the results ef thnovations are also more likely to
cooperate (Cassiman and Veugelers, 2002). The sources formgcspiliovers are usually situated in
the public domain. A dummy variable is included in the amalgsd is equal to one if the firm
claimed that conferences, seminars, fairs and exhibitions werepantamt source of knowledge. As
for appropriability, it is measured through a dummy vdeathich is equal to one if the firm has been
granted with at least one patent. Additionally, dummy vagmlalre included for trademark, patent,
technical assistance and property rights agreements. If the hfisnsigned technology-related
agreements with local or foreign firms, it is expected to beerapen to cooperate for innovation.

Lastly, dummy variables to capture factors constraining m-finnovation, or barriers to
innovate, are included in the analysis. The dummy for Bgginomic risk captures restrictions due to
financial uncertainty or uncertain economic results of thevatian. High cost captures barriers
caused by lack of financial resources or high costs of innovaiither two barriers to innovate are
lack of qualified personnel and low client’s receptiveness.

3. Empirical evidence

3.1 The survey

In 2001, the National Council for Science and TechnologyNBOYT) and the National Institute of
Statistics, Geography and Informatics (INEGI) conductedé¢hersd MIS. The survey is based on the
Oslo Manual from the OECD and aims to compile representdtite on the innovative activities
undertaken by manufacturing and services enterprises in Mexieosdlhction of firms was done
using a random sample method, with stratification by sedteconomic activity, using the OECD
classification, and adjusting the representativeness of firnbgiae expansion factor, but at the same
time including all the firms that had 501 or more employ&eBhe questionnaire was responded by
1,712 firms operating in three industries: 64 firms iming, 39 in construction and 1,609 in
manufacturing. The MIS gathered information for the peri®@912000 and the unit of analysis was
the firm. The quantitative analysis here presented focusesoontpanufacturing firms. Only 542
(33.7%) out of the 1,609 manufacturing firms intervieweainoéd to have been engaged in at least
one innovation project in the previous two ye&rs.

Table 1 shows that 63.5% of innovative firms claimed to canry product innovation
projects using only in-firm resources, i.e. they do ndabokate with other organisations, while only
14.2% claimed to have been engaged in collaborative projectptovienor develop new produdts.
Among the latter, collaboration with other firms was the mmgortant (11.1% of innovative firms),

% The use of the expansion factor led the sampl®,1@8 firms. In this paper, the rough databasel@d9
manufacturing firms, without expansion factorsused. So the participation of firms in terms ofesénd sectors
may be biased in relation to the expanded dataltiaiseimportant to mention that the sample onlglided firms
with more than 50 employees, i.e. the sample isdoidowards large firms, and this should be takém account
when the quantitative results are interpreted.
To provide the reader with an international benatk, in the fourth Community Innovation Survey £l
conducted among the 27 member states of the Eurdgei@an with information for 2002-2004, 42% of eneses
from industry and services claimed to innovate. Highest proportion of firms with innovation actiiwas
registered in Germany (65%) and Austria (53%) (Btat 2007).
27 The analysis includes only the 542 firms thainetal to be engaged in innovation projects (innaeafirms), since
the questions about cooperation were answeredyrilyose firms.

26

59



ECLAC - Project Documents collection National inaten surveys in Latin America: empirical eviderag®l policy implications

and collaboration with research institutes and universitiesseast (1.8% and 0.4% of innovative
firms, respectively). A slightly higher percentage of firrh§.0%) claimed to collaborate with other
organisations for process innovations. Again the most astepartner was other firms (14.2% of
innovative firms), while collaboration with universities ams$earch institutes was limited (1.7% and
0.6%, respectively).

TABLE 1
COOPERATION FOR PROCESS AND PRODUCT INNOVATION,
INNOVATIVE FIRMS BY TYPE OF PARTNER
(Percentage of positive answers)

Product Process

innovation innovation
No innovation projects 20.1 304
Does not collaborate (uses own resources) 63.5 50.6
Cooperates with research institutes 1.8 0.6
Cooperates with universities 04 1.7
Cooperates other firms 11.1 14.2
Developed by research centres 0.9 0.4
Others 2.2 2.2

Source: Own elaboration based on MIS.

As for overall collaboration, 76% of innovative firms dot mave any type of collaboration
for innovation (neither product nor process); 17% collaigoria either process and product
innovation; and only 7% collaborate in both types of irtimn 22

3.2 Econometric model

To investigate the main factors associated with cooperationroration, the following econometric
model was constructed:

Cli=Bo+P1BCii+ +ByBChi+y1 S+ ... +ym Snitei;

Where Cli is a binary variable that denotes whefineri cooperates or not; BCare background
characteristics of firm (the number of characteristics ranges from h){dS,; are variables that assess
strategies adopted by firnfthe number of strategies ranges from 1 to m)gaisdhe error term.

It is important to mention that the econometric analysis #&nestablish associations rather
than causation, by examining the statistical relationshipsdegiwooperation for innovation and a set
of explanatory variables.

Some authors have found simultaneity between cooperation oanthéhand, and R&D
intensity (Veugelers, 1997; Cassiman and Veugelers, 2002¢ Biwl Keilbach, 2005) and incoming
spillovers (Belderbos et al., 2004) on the other. Beldegh@d. (2004) attempt to limit the potential
problems of simultaneity through a two-period dataset aowuative firms, using lagged variables.
However, the results of the MIS 2001 are not comparable twike of the MIS 1998 (the first
innovation survey in Mexico), given that they followedfeliént sampling methodologies. Therefore,
in this paper a two-step instrumental variables estimationepdroe is used to address potential

2 According to the fourth CIS, 26% of all innovaienterprises claimed to have been engaged in rtape for
innovation. The highest levels of cooperation fonavation were reported in Lithuania (56% of alhdwative
enterprises), Slovenia (47%) and Finland (44%).geoation with suppliers, clients and customers thasmost
frequent (Eurostat, 2007).

60



ECLAC - Project Documents collection National inaten surveys in Latin America: empirical eviderag®l policy implications

endogeneity problems in the cross-section data set. To tapiypethod, a set of exogenous variables
is needed. Since it was not possible to find in the suexegenous variables, the sectoral average of
the potential endogenous variable is used to construct eaahmestal variable.

The first step is to run probit regressions to estimagegéneral model, i.e. including all
independent variables. In the second stage non-significanteindept variables are dropped from the
regression (until a reduced model is obtained), puttingicpéat attention to highly correlated
variables in order to enable better identification of the effectamh independent variable on the
dependent variable, and prevent multicollinearity. In the tird last stage the instrumental variables
procedure is applied and the results are contrasted to thieerefluced model.

Estimations include only the 542 firms that claimed to beaged in innovation projects
(innovative firms). The analysis is restricted to thosmdirsince the questions about engaging in
cooperation for innovation were not responded by non-inh@véitms. Therefore the analysis and
econometric results are conditional, i.e. given that the firdertakes innovation project$Table 26
summarises the second stage of the econometric results, ieddiced model.

TABLE 2
ECONOMETRIC RESULTS, REDUCED MODELS
Marginal effects dF/dx (Standard errors in bracBets

Independent variables Overall cooperation Coope;:ﬂ)cz,r;tfi(;;product Coope;;itgcz,r;tfigz]process
assistance - - 0.071* (0.044)
capital - 0.065 * (0.027) 0.060 (0.035)
client - -0.046 (0.028) -0.065 ** (0.031)
cost 0.093 ** (0.043)
financing - - 0.047 (0.039)
funds government 0.144 (0.112)
group - 0.072 ** (0.029)
incoming spillovers 0.082 * (0.040) 0.040 (0.029) .036 (0.035)
Insize2 0.004 *** (0.001) 0.000 (0.001) 0.003 *** 0.001)
novelty 0.074 ** (0.033) 0.088 *** (0.024)
patents - - 0.121 ** (0.062)
patents granted - -0.044 (0.036) -0.125 *** (0.p29
R&D intensity -0.006 (0.011) - -0.012 (0.014)
R&D internal dummy 0.097 ** (0.043)

R&D personnel 0.020 ** (0.008) -0.005 (0.005) 0.008 (0.005)
rights - -0.023 (0.049) -0.051 (0.052)
risk -0.071 (0.048) 0.050 * (0.027) 0.050 (0.032)
sector 0.800 ** (0.349) 0.664 *** (0.250) 0.121 794)
technology-market -0.070 (0.044) -0.039 (0.033)

No. of observations 542 542 542

Pseudo R 0.119 0.096 0.082

Prob > chf 0.000 0.000 0.000

Source: Own elaboration.

Note: According to the methodology described abadke,following independent variables were dropped i
the second stage from all regressions: size typsizd, exports dummy, exports %, trademark, models,
novelty2, own resources, personnel, R&D intern&lPRersonnel dummy, R&D department.

*** Significant at 1%.

** Significant at 5%.

* Significant at 10%.

2 tis not necessary to correct for potential sangalection (two-stage Heckman correction procddsirce as said

the quantitative analysis is conducted only on v@tive firms and the results are conditional.
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First, the results of overall cooperation are analysed. 8Secie results by type of
cooperation are presented.

In line with the existing literature (see Section 2 of fhager), cooperation for innovation
(overall cooperation) is significantly associated with firreesithe larger the firm, the higher the
propensity to cooperate. Table 2 shows that the squartt afatural logarithm of size (Insize2) is
positive and significant at the 0.01 level. Therefore, theaenisn linear relationship between firm size
and overall cooperation: the larger the firm the stronger theciatien between both variables. In
average large firms have more capabilities to benefit from coopgrasovell as human and financial
resources to participate in such partnerships. In Mexico #sgltris also related to increasing
disparities and concentration in the manufacturing industryaasonsequence of economic
liberalization. A small number of large foreign and local &rivave increased their capabilities to
compete successfully in international markets, whereas the gréabfbsinall- and medium-sized
firms have faced enormous challenges to compete (Garrido, 1998, 2001). In addition, large
firms that are part of industrial conglomerates find easiecomperate with other firms of the
conglomerate in order to develop new or improved productproesses.

R&D personnelis positive and significantly associated to overall cooperadiothe 0.05
level. The number of employees involved in R&D activities ageecentage of total number of
employees was significant, but not the dummy variaB& personnel dummy Therefore, to
engage in innovation partnerships is important to have anmin number of employees involved in
R&D activities (depends on firm size) to carry out in-fimmovation activities and to interact with
external sources of knowledgB&D personneland size are also variables related to absorptive
capacities to benefit from cooperation. SimilalR&D internal dummyis positive and significant at
the 0.05 level. If the firm carries out R&D using internedahcial resources, it has a stronger
commitment to conduct innovation activities as well as more d#abito participate in more
complex projects.

The results of the previous paragraph illustraté dlthough cooperation with external sources
of knowledge is a mechanism to strengthen in-fiechhological capabilities, firms must develop first
internal capabilities in order to take advantageadperation as well as to be an attractive partner to
interact with. Therefore cooperation for innovatmscurs when firms invest and are committed to the
development of new technologies. The implicationgdablic policy is that public initiatives to foster
cooperation must come together with initiatives tergithen in-firm capabilities.

Noveltyis positive and significant at the 0.05 level. Firms whos®vations are new to the
world in average cooperate more than firms whose innovationsearenly to the country. In turn,
the latter have a higher propensity to cooperate than those imhosations are new only to the firm.
More complex innovations are developed, in general, throughaitton with external sources of
knowledge, since an isolated firm hardly possesses all the apcessources to do it. This is even
more important in countries behind the technological frongigch as Mexico, where firms find more
technological constrains to develop products that are new teotthe:.

Incoming spilloversis positive and significant at the 0.10 level. Firms theg open to
external sources of knowledge, and if those sources are higiggrtant for their innovation
activities, in average have a higher propensity to participateopecative agreements. At the same
time, if a firm finds in the local environment agents whieiofaluable technological knowledge in
general is more open and interested in establishing innovadidnerships. This result illustrates the
importance of having strong and active agents in the local systemnovation, as well as having an
environment prone to sharing and disseminating knowledddicHuolicies to promote technology
dissemination through fairs, exhibitions and conferences Ipeay valuable instrument to foster
cooperation for innovation.

Costis positive and significant at the 0.05 level. Firms thaineéd that high cost is a
significant barrier to innovate in average cooperate more. Coriiplexations are expensive and the
economic results often uncertain. This factor is more relevarifiéxico where private firms,
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especially domestic SMEs, have had limited access to finance si@gevil®en the banking system
collapsed (Garrido, 2005). In addition, public supportifmovation activities in Mexico is reduced,
even in comparison with other Latin American countries suchraa|Bnd Chile (UNDP, 2008).

Lastly, sectoris significant at the 0.5 level. Firms operating in différeactors have in
general diverse strategies to access external technological knowledg® @nteract with other
organisations. As shown in the descriptive statistics, therémportant differences among sectors in
the propensity to cooperate. To understand better sectoral sipesifiegarding cooperation, it would
be useful to have information on the motives to cooperate dsawehe outcomes of doing it.
However, the MIS does not offer this information.

Until this point, the econometric results are similar toséhof the existing literature. The
following paragraphs analyse the econometric results disshimgi between cooperation for product
innovation and cooperation for process innovation, progidiovel and complementary findings.

Size is not significantly associated, in any of its threen$prto cooperation for product
innovation. Small, knowledge-intensive firms in the manuii@ag industry in Mexico may have
strong technological capabilities to develop new products agcengage in R&D cooperation. At the
same time, it is common to find large manufacturing firmsdaoting basic assembling operations
and with weak capabilities to innovate products, very isolatach the rest of the local economy
(Padilla-Pérez, 2008). In contrasize in its three formsliisize Insize2andsizetypg is significantly
associated (at the 0.01 level) with cooperation for proceswvatina. In general large firms have
more capabilities and incentives to conduct process innovasanh, as improving machinery and
equipment or developing new organisation techniques. Similarbe firms have more capabilities to
interact with clients, suppliers and other agents to devedop processes and to take advantage of
such partnerships. In Mexico, large manufacturing firms atetd international markets, in sectors
such as electronics, automotive and apparel, are forced to intrethieenf-the-art manufacturing
processes in order to compete successfully in international mdBE®LAC, 2008).

Sectoris significantly associated (at the 0.01 level) witloperation for product innovation, but
not for process innovation. Process technologiesat as sector-specific as product technologiesein th
manufacturing industry. The introduction of new msges or production organisation techniques, such
as just in time or quality controls, is fairly cormmin the manufacturing industry and is not highly
sector specific. In contrast, the pace of productldpweent, as well as the need for external sources of
knowledge to do it, varies importantly among manuiiaeg) sectors. For instance, science-based sectors,
such as pharmaceutics, have a higher propensitydpecate in order to develop new products; yet
cooperation for developing new processes is notyigiticentrated in a few sectors.

Novelty is positively and significantly (at the 0.01 level) associaiéth cooperation for
product innovation, but not with cooperation for procesmvation since this variable assesses only
the complexity of product innovations (it does not askliercomplexity of process innovations).

Group andcapital are significantly associated (at the 0.05 and 0.10 level, resggxtivith
cooperation for product innovation. Firms that are part @fr@up have a higher propensity to
cooperate to improve or develop new products. Those firmegrieral have more resources and are
more attractive as research partners. In Mexico most cooperation agteesake place between
firms, and some of them may take place between firms of the geoup. Firms that are part of
groups can draw on resources for innovation from otheasfiof their industrial conglomerate. At the
same time, to be a member of an industrial group may mrdtiel firm with better information on
opportunities to cooperate with other firms outside ttoeg to develop products and processes. Also,
this subset of firms may be more able to set up cooperati@agements for innovation with firms
outside of the group, because they may be more attractiveeggafor other firms.

As for capital, locally-owned firms in average cooperate more for producvation than
foreign firms. In the manufacturing industry in Mexico (asmany other developing countries)
foreign firms rely heavily on their headquarters for technogknowledge needed for their
activities. Economic liberalisation broke up many productibains in Mexico and foreign firms in
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general have weak backward and forward linkages with the rest tddhl economy (Cordero et al.,
2007). In contrast, locally-owned firms carrying out prtdanovations have a higher propensity to
establish partnerships, mainly with other firms. In a tgubehind the technological frontier, like
Mexico, access to external sources of knowledge is crucial to gepedducts, since local firms in
general do not have all in-firm knowledge needed to do it.

Firms that claimed thaisk is a significant barrier to innovate have a higher propemsity
cooperate for improving or developing new produdtk (s positive and significant at the 0.10 level).
Product innovation is a risky activity and sharing trs& through a partnership is a strategy to reduce
it. Yet economic risk does not have a significant effect @ décision to cooperate in order to
innovate processes.

As for cooperation for process innovatigatentsandassistancere positive and significant
at the 0.5 and 0.10 level, respectively. Firms that have sitgwhthical assistance and patent
agreements with local or foreign firms are in average more liketpoperate to improve or develop
new processes. Those two factors are similar to incomingwgid, in the sense that illustrate the
openness to and the need for external sources of technologivelekige to conduct their innovation
activities.Patentsandassistancere significant for process collaboration, but not fodpad, and this
may be the result of a higher presence of process technologdrareements.

Patents granteds significant and negative for cooperation foogass innovation (at the 0.5
level). Firms that have been granted patents haweex foropensity to cooperate to improve or develop
new processes. On the one hand, firms that are edvgatents have stronger technological capabilities
and may be less interested in cooperating with ditmes or organisations; on the other, these firnaym
have a rigorous policy to appropriate the benefittheir innovations and to share their knowledge.
Nevertheless, it must be taken into account thatrieavative firms are granted patents.

Finally, if firms claimed that lack of client responsiveness Imrrier to innovate, they have a
lower propensity to cooperate for process innovation. If tdieto not demand better processes
(through better quality, lower costs, faster time of respoat.) or they are not willing to pay for
them, firms in average are not willing to set up cooperagreements to introduce or develop them.
Public policies to build up or strengthen a culture oftiomous improvement in the manufacturing
industry may be useful to foster cooperation.

Some variables were not significant in any regression, butahelysis also offers interesting
results. Export activity was not significant, eitlesports dummypr exports % in any regression. The
manufacturing industry in Mexico has a high presence of fihatscarry out assembly operations and
are strongly oriented to foreign markets, operating undewéfieknown maquiladora industry. Those
firms in general carry out low innovation efforts (especitilyse related to product innovations) and
have weak links with local innovation-oriented organisatidonomic reforms in Mexico during
1980s and 1990s fostered international trade as a central elemecdnomic growth. The main
assumption was that international competition and access tgri@eurces of knowledge would spur
productivity growth. However, the relationship between trgoenoess and productivity growth has
been weak due to the breaking up of production chains, fdokages between foreign firms and the
rest of the local economy and weak absorption capabilities, arotreg factors (Cimoli, 2000;
Padilla-Pérez and Martinez-Piva, 2007).

Funds governmentas not significant in any regression. Public funds fapsett firm-level
innovation activities are scant in Mexico (UNDP, 2008). Aseetgd, most cooperation activities take
place between firms, as a response to private sector needs. ThearMgavernment has recently
launched programmes to foster cooperation, such as an awandiviersity-industry links® It may
well be expected that these programmes will have a positive inmpédet medium and long run.

30 see www.stps.gob.mx and www.conacyt.mx.
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Other variables were never significant in the regressions ordvepped in the second stage
(to obtain the reduced model), since they were highly correletadther independent variabld?D
departmentwhich was correlated to other variables sucRRgpersonnendRD intensity financing
andpersonnelwhich were correlated to other barriers to innovate;teattemark modelsandrights,
which were correlated to other technology-related agreements.

Finally, goodness of fit for this cross-sectional model \eag (below 0.12 for the three
regression), but the null hypothesis that coefficients are ém0ak rejected at the 0.000 level.

Two-step regressions with instrumental variables were raddeess potential endogeneity in
three independent variableRD personnel RD intensity and incoming spillovers Results are
summarised in Table 3. The significancarafoming spillovergloes not change in any regression; it
can be concluded that either there is no endogeneity with #riable or does not affect the
estimation. In contrast, the significanceRID personnethanges in all regressions: it becomes not
significant in cooperation for innovation, and turns digant in cooperation for product innovation
and process innovation. Similarly, the significance of the mierfits of RD intensity change in two
regressions: it becomes significant in both cooperationniooviation and cooperation for product
innovation. However, as shown in Table 3, the results drmtuitive.

TABLE 3
TWO-STEP REGRESSIONS WITH INSTRUMENTAL VARIABLES
Coefficients of selected variables (Standard eriorsrackets)

Overall cooperation Cooperation for product Cooperation for process

innovation innovation
incoming spillovers -2.069 *** 0.582 1.625749 840 0.1537613 3.454
RD intensity 0.133 0.225 0.349 ** 0.142 B3> 0.136
RD personnel -0.152 0.126 -0.271 *** 0.063 -0.259 * 0.058

Source: Own elaboration.
*** Significant at 1%.

** Significant at 5%.

* Significant at 10%.

Since it is a cross-section analysis and the available instrarfexagenous variables) are
imperfect, it is possible to conclude that it would be bett#rto correct for potential endogeneity
since noise maybe be introduced to the regression. Thereforjghmal results are maintained, but
recognising that there is a potential problem of endogeneity twio variablesRD intensityand
RD personnel

4. Conclusions

Cooperation for innovation in Mexico’s manufacturing indyst scant and takes place mainly among
firms. Cooperation between firms on the one hand and witiesrand research centres on the other is
almost non existent. It seems that the economic reforms thlaptace in Mexico in the 1980s and
1990s have not created incentives to increase innovation acteitibsiild up links among the
components of innovation systems. Weak backward and forvilskdges and great disparities
between large firms and SMEs do not spur cooperation.

The main factors associated with cooperation for innovation iane gize, incoming
spillovers, R&D efforts and sectoral differences, in line whih existing literature. The complexity of
the innovation (novelty) was also significant, i.e. firinattdevelop products that are new to the world
have a higher propensity to cooperate. The MIS provides iatiomto conduct an additional and
original approach, distinguishing between cooperation foduywbinnovation and cooperation for
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process innovation. This distinction shows that smath fsize is a barrier to cooperate for process
innovations, but small, knowledge-intensive firms in average not constrained by their size to
collaborate for product innovations. By the same token, selcspecificities are significant to explain
different trends among firms to set up agreements to jodekelop products, but not processes.
Product technologies are highly sector specific, whereas processltagibs are more standard and
widespread in the manufacturing industry. Similarly, origi capital and type of ownership (part of a
group or independent) were significant only for cooperdtomproduct innovations, while the number
of patents granted was significant only for cooperation focgss innovation.

The results of this paper have various implications follipydolicy. First, public initiatives
must take into account that the characteristics, needs and behetitsperation vary importantly not
only among industrial sectors, but also between the objeacooperation (product vs. process
innovation). Second, policies to foster cooperation shouldecmgether with policies to foster R&D
activities, since firms need first to develop capabilities t@ tatvantage of cooperation and to be
attractive partners. Third, policies to strengthen systemsinpbvation through technology
dissemination (fairs, exhibitions, conferences, etc.) may sso cooperation, since they may help
create a more open environment of knowledge exchange. Fourititj\ieg to build up a culture of
continuous improvement in the manufacturing sector marfasioperation, since they also spur
demand for better and cheaper products, which in turn can be achigagh cooperation with
suppliers, clients and innovation-oriented organisations.

Finally, in comparison with other innovation surveyd atin America, for instance Chile’s and
Brazil's, the Mexican survey has some limitationsdaicher and interesting analysis. First, althotigh
has information on type of partners, it is not pgassto conduct an analysis since the number of firms
that claimed to cooperate is too small to conducteanonometric analysis. Second, regarding
appropriability, the Mexican survey only inquiridsoait patent applications and patents granted. Other
forms of appropriability such as utility models aselcrecy are not included. Third, the sample is
representative for firms with more than 50 employeesile in other surveys the threshold is 10
employees and therefore it is clearly biased towandg lfirms. Fourth, it does not have information on
human capital by qualifications or position withiretfirm (e.g. percentage of employees with a master’s
degree or PhD, or percentage of blue-collar caliarkers vs. white-collar workers). Human capitad is
factor significantly associated with cooperation ia éxisting literature. Lastly, the study of cooperat
for innovation would greatly enriched by includingfarmation on different types of cooperation
agreements in the survey, the importance of codper&b the innovation activities of the firm, the
motives to establish such relationships and howesstal the partnerships were.
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Annex

List of variables

Name

Description

Dependent variables

overall cooperation

cooperation product

cooperation process

Cooperation agreements in innovation activitiesminy variable that is equal to 1 if the firm
claimed to have cooperation agreements.

Cooperation agreements for product innovation. Dynaariable that is equal to 1 if the firm
claimed to innovate products in cooperation witheotfirms, universities or research centres, or
if the innovation was developed by universitiesesearch centres

Cooperation agreements for process innovation. Dynariable that is equal to 1 if the firm
claimed to innovate products in cooperation witheotfirms, universities or research centres, or
if the innovation was developed by universitiesesearch centres

(Independent variables

sector

group

capital

sizetype

Insize

Insize2

exports dummy

exports %

Firms were classified into 14 sectors: 1 = food/doage and tobacco; 2 = textiles and apparel; 3
= footwear and products of leather; 4 = wood arkepab = editing and printing; 6 = oil and oil
derivatives; 7 = chemicals; 8 = pharmaceutical patst 9 = non metallic minerals; 10 =

metallic products; 11 machinery and equipment; Elestronic machinery and appliances; 13 =
transport equipment; 14 = other manufactures.

The variablesectorcorresponds to the sectoral average of overapem@dion, i.e. the number of
firms that cooperate in each sector divided byntinaber of firms in that sector.

Dummy variable that is equal to 1 if the firm igtpaf a group and to 0 if it is an independent
enterprise

Dummy variable that is equal to 1 if it is a logatiwned firm and to O if it is foreign. If foreign
capital is higher that 10% of total capital, therfiis considered foreign.

Ordinal variable that takes five possible valugsetheling on total number of employees: 1 if the
firms has between 10 and 49 employees; 2 betweam&@9; 3 between 100 and 249; 4
between 250 and 499; and 5 if it has 500 or more

Natural logarithm of total number of employees

Squared o§ize num

Dummy variable that is equal to one if the firm estp some of its production (more than 1%)

Exports as a percentage of total sales

Dummy variable that is equal to 1 if the firm sigrteade mark agreements with either national
or foreign firms; O otherwise

Dummy variable that is equal to 1 if the firm sigratent agreements with either national or
foreign firms; O otherwise

Dummy variable that is equal to 1 if the firm sigrtechnical assistance agreements with either
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trademark

patents

assistance

models

rights

novelty

RD intensity

own resources

funds government

patents granted

risk

cost

personnel

client

financing

technology- market

national or foreign firms; O otherwise

Dummy variable that is equal to 1 if the firm sigriedustrial models agreements with either
national or foreign firms; O otherwise

Dummy variable that is equal to 1 if the firm sign@operty rights agreements with either
national or foreign firms; O otherwise

Ordinal variable that is equal to O if new produgtse only new to the firm; 1 if at least one
product was new to the country, but none was netweavorld; and 2 if at least one product
was new to the world

Expenditure on R&D investment as a percentagetaf sales

Dummy variable that is equal to 1 if the firm usesdown resources to fund innovation projects,
0 otherwise

Dummy variable that is equal to 1 if the firm re@a public resources to fund its innovation
projects, O otherwise

Dummy variable that is equal to 1 if the firm waarged at least one patent, O otherwise

Dummy variable that is equal to 1 if the firm claidthat high economic risk was a (highly
significant) barrier to innovate, 0 otherwise

Dummy variable that is equal to 1 if the firm claidthat high cost was a (highly significant)
barrier to innovate, 0 otherwise

Dummy variable that is equal to 1 if the firm claidnthat lack of qualified personnel was a
(highly significant) barrier to innovate, 0 othesei

Dummy variable that is equal to 1 if the firm claidthat low client’s receptiveness was a
(highly significant) barrier to innovate, 0 othesei

Dummy variable that is equal to 1 if the firm claidthat lack of financing sources was a
(highly significant) barrier to innovate, 0 othesei

Dummy variable that is equal to 1 if the firm claidthat lack of access to sources of
technological AND market knowledge were a (high@ngficant) barrier to innovate, 0
otherwise

Dummy variable that is equal to 1 if the firm claidthat external sources of knowledge were
highly or moderately significant to innovate (cawfieces, seminars, fairs, digital information
networks or exhibitions)

Expenditures on technological R&D as a percentdgetal sales, carried out within the firm

Dummy variable that is equal to 1 if the firm casriout in-firm technological R&D activities, 0
otherwise

Personnel in technological R&D activities as a patage of total personnel

Dummy variable that is equal to 1 if the firm ha®@mployee or more involved in
technological R&D, 0 otherwise

Dummy variable that is equal to 1 if the firm passa technological R&D unit, O otherwise
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V. The determinants of firms’ distant
collaboration. Evidence from Argentina 1998-2001

Valeria Arza **
Andrés Lopez *

Abstract

In this paper we explore the determinants of the probabifitgooperating for innovation with
partners located at different distances in Argentina. Our hgpisths that international cooperation
requires stronger technological capabilities and firms’ openri@ss.findings largely confirm the
hypotheses. Firstly, foreign firms or those that tradenisively are more likely to cooperate abroad.
Secondly, skilled labour intensive firms and firms thaiadte more resources to innovation activities
show higher probability of forming international partngpsh

1. Introduction

Scientific and technological novelties are increasingly the redujbint efforts of a network of
innovators, who interact formally or informally, purposely without awareness as part of their
normal social behaviour. The mad and inventive scientist wiatenl path-breaking inventions in
isolation is more than ever a stereotype. The rapid pace of gevahd of new scientific and
technological knowledge together with technological and market tairdgrassociated to developing
new products and process, has pulled the demand for coliaborat

81 Consejo Nacional de Investigaciones CientificasTécnicas (CONICET), Centro de Estudios para la
Transformacién (CENIT), Callao 796 6to piso (10E)enos Aires, Argentina. Corresponding author. Emai
varza@fund-cenit.org.ar; Tel & Fax +54 11 4815 1310

%2 Consejo Nacional de Investigaciones CientificasTécnicas (CONICET), Centro de Estudios para la
Transformacion (CENIT), Callao 796 6to piso (10BBEnos Aires, Argentina. E-mail: anlopez@fund-cenit.ar.
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Innovation is increasingly the result of a combination oftiplicity of disciplines, actors
and locations. Especially in those fields of fast technologiaajress, the sources of knowledge are
widely spread and no single actor could gather the necessaryetemogs for creating something
novel (Hagedoorn and Duysters, 2002, Powell, et al., Z20&ell and Grodal, 2005).

In fact, the literature has posed many arguments claiming tHabardtion is a positive sum
game in innovation performance (see Pittaway, et al., 20Gtroriew).

Collaboration allows actors to access a wider stfdknowledge and to some extent promotes
knowledge spillovers, since collaborating partnersild/doe more open to share knowledge and they
would also develop a common language through whieh ¢ould become more explicit about their tacit
knowledge. This is particularly important since st more likely that tacit (rather than codified)
knowledge conveyed novelty (Maskell and Malmberg,9)98 other words, collaboration contributes
to the diffusion of novelties that are relevant to plagetners, even if they only interact to solve very
specific problems. In this vein, some authors haveneldithat firms need to collaborate in order to stay
updated, especially in technologically dynamic ssctPowell, et al., 1996) and also that orgarosati
lacking of interaction capacity would fall behind(Powell, et al., 2005).

Moreover, collaboration it is not just about diffusiome ttombination of existent knowledge
may create novelty in itself (Fleming and Sorenson, 208Mjce actors would acquire more
experience and different competences. It is believed that collaboragates a virtuous cycle since
firms learn how to interact, developing strategic network c#ipabj which in due time increases
their chances of becoming innovators and facilitates the formatinew linkages (e.g. Hagedoorn, et
al., 2006, Pittaway, et al., 2004, Powell and Grodal, 2005)

Partners may contribute with similar or different capabilit@sollaborative arrangements.
Since collaboration opens up the opportunity to exploit éementary assets, networks will perform
better when different capabilities are being complemented, pirtgrihe technological specialisation
of partners (e.g. Dussauge, et al., 2000, Mowery, et &6)1f any case, collaboration would reduce
duplication efforts.

Moreover, in rapidly changing contexts strategic alliances coaldnstrumental for risk
sharing (Sarkar, et al., 2001) and some studies have cldiatedotlaboration increases the chances
of survival (and growth) of small and newly founded firr(es.g. Bruderl, et al., 1992, Larson, 1992,
Sarkar, et al., 2001, Shan, et al., 1994).

However, too close collaboration may also create a lock-in effgctndmns of reducing
possible lines of research and by making actors too focusedthiair own community. This is
particularly important when collaboration is only locally ceived. Nowadays innovations are
generated and diffused not only locally and regionally bobajly, therefore the network of
innovators should not be constrained geographidalljinkages may well be international.

This proves to be most important for innovation systemsleveloping countries, where
promoting local linkages may come at the expense of achievivejtp@nd updated knowledge. In
these countries strictly local collaborations may perpetuatentiovation systems backwardness and
their lack of diversification, rather than promoting technmalgdynamism. Marin and Arza (2009,
forthcoming) have discussed the importance for developingtdes of promoting the system’s
“international involvement”, or in other words creating thechanisms for making the system
involved in the international processes of knowledge creatidrdd@fusion. One way of opening-up
the system, would be via international collaborations.

33 See Archibugi, et al., 1999, Archibugi and Mighl®95 for a discussion on the literature on intiovasystems
and globalization and the implications for eacheotfSee also Cooke, et al., 1997 for a discussiorhaw
globalization strengthens regional innovation syste
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In this paper, we aim at identifying factors that drive fitm&stablish international linkages.
In particular, we shed some light on the extent to which déiants of international linkages differ
from national linkages through the study of the case of thaufacturing sector of Argentina.
Departing from the premise that firms’ international collaltion is positive for technology
development and innovation, the paper policy goal is promofirms forming international
partnerships. To this end, we need to identify the maweidr of such collaboration.

The paper is structured as follows: section two presentdtéha&ture on distant interactions,
their main drivers and their role in innovation systesection three presents the data and the
methodology employed. Section 4 discusses the results ammhsecbncludes.

2. International collaboration and innovation syste ms

One of the key contributions of the innovation systetesdiure has been to highlight the importance
of complex relations amongst different actors for achievimgyative outcomes. This literature has
rejected the idea that innovative outcomes are the results afedchctors. Innovation occurs in
systems, which include economic, social, political, and othetofs that influence innovation. It is
believed that this common framework would affect actors’ tamst entrepreneurship, affecting the
way they behave and interact with each other.

In particular, there is one strand of literatureimmovation systems that more explicitly studies
causes and consequences of the formation of liskddes literature includes clusters studies, regio
studies, industrial districts, industrial geograpdtg. and we will encompass it altogether undentime of
local systems of innovation (LIS) literature. Theiremise is that interactions work as channels for
transmitting tacit knowledge, which demands factate communication for efficient transmission sinc
tacit knowledge cannot be isolated from the knovgiegson. It is also believed that this type of kisolge
conveys more novelty than explicit/codified knovgedsince the latter is less costly and therefibiesds
widely. As a consequence, geographical proximitpeaps as a highly important pre-requisite for
knowledge transfer and innovation (e.g. Fischesl.et2006, Ivarsson and Alvstam, 2005, Maskell and
Malmberg, 1999). The drawback of this conceptidto iseglect the possibility of learning throughtaig
cooperation. This is particularly restrictive in ara when the diffusion and production of technieteg
have become globa.

Bell and Albu (1999) discussed the LIS literature studylageloping countries and argued
that most of the studies examined the internal characteristibe @dcal environment (e.g. market and
production structure, local linkages, local institutionsfusel identity, etc.) despite the fact that there
was a humber of case-studies that had already highlighteéchploetance of external linkages for the
technological dynamism of clusters in these countries (theyeduthree doctoral theses: Nadvi,
1996, Sandee, 1995, Visser, 1996). Moreover, they quedtitie importance of spatial proximity for
the performance of local innovation systems and they argosttad, that developing countries
should aim at being connected to knowledge from outsideltuail systems.

In fact, we believe that one reason why geographical proximity giaen such level of
importance in LIS literature is that most research in that figld done based on innovation systems
of developed countries. Developing countries, instead, havelingitgd access to knowledge and
technologies close to the international frontier. Sources dated knowledge in these countries
usually come from abroad. Therefore, agents in developing cesintight be more susceptible to be
trapped in technological lock-in effects if they only intedacally.

34 In contrast, the literature omectoral systems of innovation has stressed the globalofacaffecting the

development of particular technologies (e.g. MaerB002), but this literature downplays the impocta of
macroeconomic, institutional and local factorsdarhing and innovation.
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Besides, LIS literature has somehow overplayed the importantzcibfknowledge while
downplaying the likelihood of knowledge codificatibhMoreover, as other have claimed LIS
literature has fallen short in examining the actual ways irthvkhowledge is appropriated, many of
which may not be associated to co-locaffdAs a result, the probability of transferring knowledge
has been (misleadingly) associated to geographical proximity.

Although the importance of external linkages was somehow uatity the literature vis a
vis the relevance of internal linkages, since Bell and AlbuqL®&search on the characteristics and
roles of external linkages in LIS in developing countries dgrasvn. . To name just a few, firms
absorptive capabilities were found as important drivers fomifagy both internal and external
linkages, as found by Giuliani and Bell (2005) studyingiae cluster in Chile. In turn, Saxenian
(2005) pointed out to reverse brain-drain flows of US-eduthtdian and Chinese-born engineers, as
an increasingly important source of external knowledge innmdtion technology industries in India
and China. Looking at the performance side, Nadvi and Haldeb)2halysed external linkages of
two clusters one in Germany —developed country— and anothetinoRakistan —developing
country— of the global surgical instrument industry andctafed that external linkages together
with internal ones were important in both clusters to raisepetitiveness as well as to respond to
global challenges. More specifically and studying Latin Amef@ialiani et al (2005) used primary
and secondary sources to study 40 clusters in several couhkggsargued that governance of global
value chains and collective efficierityof the cluster matter for firms’ innovativené&sThey also
pointed out to the fact that sectors specificities mediate slationships.

Most of the existing LIS literature that does study extelinkhges studies them in relation to
global value chains. The role of global value chains in upggathidustrial clusters in developing
countries was put forward by Humphrey and Schmitz (20Di29. authors claimed that global value
chains are quasi-hierarchical in developing countries. Thisa@mhglh asymmetry of competence and
power in favor of global buyers who set product and psopasameters. On the one hand, this type of
governance creates incentives for local firms’ fast upgradirigorbthe other hand local firms might
found themselves locked-in in low value added activities thdtiactional to global buyers’ interests.
The authors recognized the fragility of these types of goveenafi global value chain which
predominates in developing countries and suggests ways ¢h Valaial firms move forward.

This study will also analyse firms’ external linkages. Intipatar we will compare drivers of
external linkages with those of local and national linkagesveier, we will not restrict the analysis
to vertical linkages. The partnerships to be assessed hereeiscipgliers, clients, other organisations

% There is knowledge that although being articiakmains unvoiced because the costs of codifitatie too high.

Therefore, some authors have aimed at understartilgonditions that will encourage codificatioredsfor
example Ancori, et al., 2000, Cohendet and Steiflen 2000, Cowan, et al., 2000, Cowan and For897).
Breschi and Lissoni, 2001 pointed out those netvgpecific technologies are developed within atesys of
production transactions, and these interactionsallyswccur at distance. Moreover, they argue thattain
knowledge might be embodied in the organization asccooperation practices, thus face-to-face augons
might not be a requirement for knowledge transroissi

Torre and Rallett, 2005 claim proximity is a ceptmuch more ambiguous than localization. Theiddithe concept
in organized proximityand geographical proximity The former is based on thagic of belongingand thelogic of
similarity (e.g. two researchers from the same organizatithend to cooperate more between each other witm
outsiders), while the other is based on co-loctitinaTheir contention is that the former offersafmanisms for distant
collaboration and therefore the search for geogeapproximity is not at the core of firms’ strateg anymore.

The authors take Schmitz, 1995’s definition ollemive efficiency: “comparative advantage deriviedm local
external economies and joint actions” p. 530.

However, there is also a need to analyse thestgp@ternational linkages that are being esthablis since it could
well be that these international linkages do natropp new opportunities for learning but they jsighstitute the
opportunities that are available within the NSle(seme of the articles published in a book abaeitMiexican NSI
edited by Cimoli, 2000, for example the articles@gpdevielle, et al., 2000, Casas, et al., 200@et/and Orlariz,
2000).
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within corporations and the scientific community. By dealivith so heterogeneous actors, we could
assume that power relations would not interfere in a singdetdin. Thus, we will assume that by
cooperating with the international community firms will kavetter access to updated technological
information which would contribute to their upgrading amnpetitiveness. In this paper, however,
we will not test for the validity of such statement. Instead goal is to evaluate the determinants of
firms’ propensities to cooperate with national and internati@ctors, assuming that proximity aids
the likelihood of cooperating (i.e. ceteris paribus firmd ¥itild easier to cooperate with national
partners than with Latin-American partner than with otharirdtional partners) but the further away
the cooperation is established the greater the opportunitiasdessing updated technology.

Our methodological approach also differs from most of th&tieg literature, which has been
mainly confined to qualitative methodologies based on speclfic Instead, we will estimate a
multinomial logit model which will jointly identify theleterminants of connecting at different levels
of proximity for a sample of firms which is representativ¢he Argentinean manufacturing sector.

All'in all, our object of study fits better with the inésts of the literature on national system
of innovation (NSI) rather than with those of the L$énature. This makes our contribution more
noticeably, since openness has not been thoroughly conceptualite®l NSI literature. Although
some authors reasonably pointed out to the need for pobdens to remain alert to technologies
developed in other systems (e.g. Liu and White, 2001, valhdet al., 2002), the internationalization
of the NSI was never a key aspect of research in that area, neiticeptt@lly nor empirically. As a
matter of fact, Archibugi et al. (1999) claimed that the debat@miNSI literature —although having
originated at the surge of the globalization era- was sumghjsidisconnected from the international
business literature that studied globalized innovative activitfelsusiness corporations. Similarly,
Carlsson (2006) argued that very few papers within N8ftalitire have empirically addressed the
internationalization of activiti€$ while no single paper on internationalization of corporate R&B
dealt with components or relations of the system that remationally-bounded. Marin and Arza
(2009, forthcoming) also highlighted the scarce research domelation to innovation systems’
international involvement and have joined the call for moreeareh analysing the role and
characteristics of external linkages of innovation systems. @djper aims to partially fulfil this goal.

In particular, our hypotheses are the following:

() The system’s openness is self-enforcing: there is aehigrobability that exporting,
importing and foreign firms cooperate with distant pagner

As the literature has largely testified, global value chains aymportunities for further
collaboration that could influence on firms’ innovativenedseréfore, firms that are commercially
integrated (i.e. exporting and importing firms) and/or gag of a multinational corporation (MNC)
(i.e. foreign owned firms) would be more likely to estdbli®llaborations with distant partners than
firms that operate mostly within the national boundariestebd, international integration might not
be necessarily conducive to establish local or national linkages. fBore, if one assumes —as we do
here- that international cooperation implies better access toedpdiathnologies, and therefore,
ceteris paribus, would be preferable vis a vis national linkagesgould hypothesise that firms that
have the chance to contact distant partners would do so. lIrosurypothesis is that subsidiaries of
MNCs and firms that trade internationally enjoy better char@esdperate internationally (and they
would take advantage of them) than other firms, relativetptperating locally.

(i) The system’s openness is self-selective: there is higtedrability that firms with higher
absorptive capacities cooperate with partners further away.

40" In fact, Carlsson, 2006 found only five studieattexamine empirically internationalization atteys level, those

are: Bartholomew, 1997, Fransman, 1999, Niosi agltbB, 1994, Niosi and Bellon, 1996, Niosi, et 2D00.

77



ECLAC - Project Documents collection National inaten surveys in Latin America: empirical eviderag®l policy implications

Similarly, if connecting with international partners involvésgher sophistication in
knowledge transfer, it would be important to have acquiredrptige capabilities to be able to
cooperate efficiently with technologically dynamic partners. llieeature has been highlighting the
role of absorptive capabilities as drivers of collaborationwéier, our hypothesis is, instead, that
there is a differential impact of absorptive capabilities on thbability of collaborating at different
levels of proximity. Since it is technologically more demagdio collaborate with international
partners, capabilities are more of requisite there than to calkgbonly with national partners.

3. Methodology

3.1. Data and definition of variables

We aim at characterising firms’ international ligka with different partners in an attempt to idgrtie
main differences between determinants of natiomdagies —about which the literature has been
traditionally concerned with- and two types of inttional linkages classified according to theuraltand
geographical proximity of Argentinean partners (L&tin-America and other parts of the world).

To this end we used information from the National InnovetBurvey 1998-200%. The
sampling methodology for that Survey makes it representatitfee national manufacturing sector. It
includes information for 1337 firms (response rate 76%)chvhare both innovative and non
innovative. Their sales represent around 30% of total salibe ohanufacturing sector for the period
1998-2001.

Firms in the sample were requested to answer whether they haveratedpwith other
partners. Cooperation could take place amongst different paramiswe define four types of
partnerships as can be seen in the Table 1A. Besides, fienesasked to identify the geographical
location of their partners, which could be: Local (<100kmatidhal, Regional (i.e. MERCOSUR),
Latin-America, European Union, United States and Canada, Bt ér others. We re-classified
these categories in three groups as can be seen in Table 1B.ikeddey the Survey form,
cooperation was broadly understood; it could follow objestivas different as information
requirements, funding, training, consultant, organisatichahge, R&D, tests, design, or technical
assistance.

TABLE 1
DEFINITION OF DEPENDENT VARIABLES

(A) Partners
Variable Label Variable Name Firms declared coofpamawith:

Universities, technology centres, technical tragnin

Cooperation with Science and institutes, laboratories, R&D consultants, insttufor

Technology (S&T) partners COOP_ST technology linkages or Government agencies for S&T
projects

Intra-corporation cooperation COOP_IC Headquaxexgther firms within the corporation

Vertical cooperation COOP_VERT Clients and supplie

Cooperation with any partner COoOP Any of the above or consultants or other firms

(competitors)

(continued)

41 Unfortunately, it is impossible to compare firmsdllaborating activities across different innovatisurveys in

Argentina, since the definition of cooperation bhanged for every edition of the Survey. In theidta Innovation
Survey 1992-1996, there was information only foary#996 and in relation to R&D. There was no infation on
location, either. Innovation Surveys for subseqyeats do not inform about localization of partners
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Table 1 (concluded)
(B) Location

The furthest location of partners was Location value Variable suffix
None 0 NO

Local or national 1 NAT
Regional or Latin-America 2 LA
European Union, United States and Canada, East ésahers 3 INT

Source: Own elaboration.

Therefore, four categorical variables were defined (COOP_ST, COEOOP_VERT,
COOP); each of them could adopt four values, 0 if no cooparattists, 1 if the furthest partners
were within the national frontier (NAT), 2 if the furthgsirtner were within Latin-America (LA) and
3 if the partners were from other international location (INT)

The literature analysing drivers for the likelihoodcobperation, has usually found firms’ size,
absorptive capacity, information opportunities aretaral affiliation as important determinants of firms’
cooperation (e.g. Cassiman and Veugelers, 2002ja6ii et al., 2005, Koschatzky and Sternberg,
2000, Veugelers and Cassiman, 2005). As can bersdable 2, we include employment in a quadratic
form to account firms size, firms’ expendituresinmovative activities and workforce’ skills to proxy
firms absorptive capacity, the use of internal amtereal sources of information to proxy for
information opportunities and a variable that accdanthe sectoral weighted-intensity of cooperation
with every type of partners to account for unobsersedtoral specificities that may affect the
probability to cooperate. Moreover, we also adehdirtrade integration and a dummy for foreign firms
to test for our first hypothesis. The second hypsitheill be based on analysing the differential acis
of workforce skills and innovative expendituresontiaborating nationally and abroad.

TABLE 2
INDEPENDENT VARIABLES, CALCULATED IN AVERAGE
FOR THE PERIOD 1998-2001

Variable Definition
SIZE Employment in natural logarithms
EXPORT Export intensity: Export/Sales
IMPORT Import intensity: Import/Sales
Innovative activities: Average expenditures in R&B-house and external), in engineering and
INNOV_ACT industrial design, hardware, software, capital gooétences, management, consultants and training
over Sales. All expenditures are strictly relaedirms’ innovative activities.
SKILLS Workforce skills: Professionals / Employment
FOREIGN Dummy variable that adopts the value 1 [éast 10% of capital belong to foreigners
Information opportunities or incoming spillovermportance of public information (i.e. expositions,
INFO_EXT conferences, journals, catalogues, databasesétters sources of information for innovative dtitg.
Normalized in a 0-1 scale
INFO_INT Internal (to the firm) sources of inforn@t, normalised in a 0-1 scale
Control for sector specificity. It is constructthg sector propensity to cooperate (i.e. firms that
SECTOR cooperate over total firms in the sector ISIC Re¥/8igits) weighted by the number of firms sampted

each sector. This variable changes over the diffetefinition of cooperation
Source: Own elaboration.
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3.2. Model specification and estimation methods

From the discussion on how we defined the dependent varifilbies, cooperation decisions drop in
four mutually exclusive categories: either they did not cadpe(NO) or they cooperate and the
furthest partner they reach was national (NAT), or it wasntAtnerican (REG) or it was from the
rest of the world (INT). Therefore, a multinomial logitsvehosen to test for our research hypotheses.

We shall assume that

(l) Y‘i‘ :'Bilxt +EU.

where Y; is the level of indirect preference of firm t to j types ofatmration, which are four (NO,

NAT, REG, INT). X is the vector of firms-specific variables (i.e. the values of independent
variables).

Then, the probability that the tth individual makes the ahpis:

R(Y, =) =" /Y et
k=0

J

()

As normally in multinomial logit models, to carry ouketlestimation one category must be
used as a benchmark, which is normalised to 0. We chose N@rifigthat do not cooperate) as the
base category.

Then, formally, if k=0

3) "R /RI=X5

The coefficient then represents the effect of a change in the ingspevatiable on the
probability of cooperation j relative to the probability mbt cooperating. Therefore, in order to
determine the direct effect of each independent variable on thahilitybto cooperate as far as each
category (and also in order to be able to compare the influeneachfindependent variable across
categories) we estimate and report the marginal effects evaluated raedimeof the independent
variables'? All estimations were done with robust standard errors.

Given our research hypotheses we expect the coefficient for EXPOIRORT, FOREIGN,
SKILLS and INNOV_ACT to increase for longer distance collakions.

Finally, since the decision to collaborate could also influenee amount invested in
innovative activities, we control for the endogeneity of INN@XZT using a two-step procedure.
However, deciding about the first step of the estimationneasimple. On the one hand, the variable
INNOV_ACT is censored: more than 40% of firms report zetpenditures in innovative activities.
On the other hand, it was difficult to find instrumergice most of the available information that
relate to INNOV_ACT also related to the different definitioisCOOP. We discuss the details of the
procedure used when we present the econometric results.

42 This was done with the command dmlogit2, create8ill Sribney from StataCorp.
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4. Results

4.1. Main characteristics of the sample

As mentioned above, we use data from the National Innovatioreys@998-2001. After controlling
for extreme observations in nominal variables we kept aroudd firzns that inform valid data for all
the variables used in the econometric estimations.

Table 3 shows mean values for the control variables acrosrediop categories. As we
defined localisation (i.e. the furthest located partner) catuneflect exclusive categories (i.e. per
row, every firm falls in one single column -therefore per,roalumns sum up to 100%) while the
rows reflect cooperation with different partners, which areexalusive (e.g. a single firm could
cooperate with international suppliers and with internatiotiahsfic institutions, thus it will turn up
in COOP_VERT_INT and in COOP_ST_INT, and also in CODH —therefore per column, rows
sum more than 100%).

Most firms (69%) declared to have cooperated with some partrs@ne location; 39% have
reached international partners (30% reached partners beyond LagincAjrand 30.6% reached only
national partners. The probability of reaching internatiorsatners is larger for cooperation with
suppliers and clients, than with cooperation with sciergifid technological institutions. In the latter
case, most linkages remain within the national boundarieexpected, the majority of firms do not
cooperate with other firms within the corporation, sincertfagority of firms are independent units.
However, among those that do cooperate, they do it mosthyimtérnational partners, which reflects
the incidence of foreign firms on this type of cooperation.

It is important to highlight at this point, that altlgbuwe estimate models for cooperation
with different types of partners, the only hypothesis w&d Was in relation to the level of proximity
and not in relation to types of actors. Moreover, as coukkeba in Table 3, for linkages with science
and technology (S&T) organizations and also for intra-catpa@ linkages, there are no critical
number of firms in each category. Therefore in the analysieeokempirical results, we will focus
mostly in cooperation broadly defined (with any partner, @pO

In terms of size, firms that cooperate with international pastiend to be bigger in average
than those that cooperate only nationally (almost 3 timesraagd also bigger than those that do not
cooperaté®This is not surprising since cooperating abroad is demgridiinfrastructure, especially
in countries that are further apart and where international oo#ibn is not publicly promoted.
Another interesting finding related to size, is that at anglle¥ proximity firms that cooperate with
S&T institutions are larger than those that cooperate witbr gitlirtners.

The last two variables in Table 3 show the importance of extamdlinternal sources of
information for innovation activities across groups ah that cooperate at different proximity. One
reason for cooperating is to get access to informationt 81ta be expected that cooperative firms
give more value to information in general than those thataloThis is exactly what we find when
we compare the importance allocated to both sources of infornimtareen firms that do and do not
cooperate. However, when we compare the importance of sourcesowhatibn for firms with
partners located at different distances, the results depend typé¢hef partners. Briefly, it seems that
sources of information are always important for firms trwiperate with S&T institutions and with
the corporation, while among firms that cooperate verticallgehtbat cooperate internationally are
more interested in internal and external sources of informétio

43 Anova tests indicate that differences are sigaift at 1% across location categories for all coatjmm variables.
4 This statement is based on results of ANOVA tests
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TABLE 3
MEAN VALUES OF CONTROL VARIABLES ACROSS
COOPERATION CATEGORIES, 1998-2001

Proportion of firms (%)

NO NAT REG INT
COOP 31% 31% 9% 30%
COOP_VERT 45% 28% 6% 21%
COOP_ST 55% 34% 5% 6%
COOP_IC 7% 9% 4% 11%

Employment (n° employees)

NO NAT REG INT
COOP 100.3 130.2 198.8 336.9
COOP_VERT 141.3 162.3 218.8 320.1
COOP_ST 125.1 222.1 244.0 523.9
COOP_IC 133.4 301.0 340.9 437.5

Incoming spillovers (normalized 0-1 scale)
INFO_EXT

NO NAT REG INT
COOP 0.12 0.31 0.36 0.40
COOP_VERT 0.18 0.34 0.38 0.41
COOP_ST 0.19 0.38 0.39 0.47
COOP_IC 0.25 0.39 0.43 0.38

Internal sources of info (hormalized 0-1 scale)
INFO_INT

NO NAT REG INT
COOP 0.24 0.60 0.75 0.73
COOP_VERT 0.36 0.63 0.76 0.73
COOP_ST 0.39 0.71 0.74 0.77
COOP_IC 0.49 0.64 0.81 0.72

Source: Own elaboration based on the NationaMation Survey 1998-2001.

In sum, Table 3 suggests that firms that reach internati@maigrs are bigger and also those
that collaborate with international suppliers and clients tergive more importance to internal and

external sources of information for innovative activities tllhose that reach national partners
exclusively.

Our real concern is related to openness and absorptive capabite claim that relatively to
firms that cooperate only nationally, firms that cooperate natenally tend to be those that are
already integrated globally (hypothesis I) and also thoseth&mecessary innovative capabilities so
as to face technologically more sophisticated partners (hypothesis

To illustrate the validity of this proposition, we drevwglires 1 to 5 in which we compared,
respectively, export intensity, import intensity, propmrtof foreign firms, skills of the workforce and
innovative expenditure intensity across different levels okiprity (NO, NAT, REG, INT) and for
the four categorical variables (COOP, COOP_VERT, COOP_SQFK IC).

The first three figures illustrate the validity of Hypotisels As can be seen, in average firms
that cooperate internationally export (as a proportion of salesage more than three times more
than firms that cooperate just nationally. Imports (ovezakre also larger (almost double) and the
proportion of foreign firms among international collaboratis more than four times the proportion of
foreign firms within the pure-national collaborators.
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FIGURE 1
EXPORTS AS A PROPORTION OF SALES ACROSS TYPES OF
COLLABORATING FIRMS, ARGENTINA 1998-2001
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Source: Own elaboration based on the National lation Survey 1998-2001.

FIGURE 2
IMPORTS AS A PROPORTION OF SALES ACROSS TYPES OF CQLABORATING FIRMS,
ARGENTINA 1998-2001
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Source: Own elaboration based on the National lation Survey 1998-2001.

As expected, the differences between international collaborators angnational
collaborators in terms of foreign trade are particularly marfkedhose that cooperate vertically;
while differences in terms of the proportion of foreigmirare especially large in the case of intra-
corporative collaboration. On the other hand, the differences atreas large in the case of
collaborators with S&T partners, although international collators in S&T export significantly
more than pure national collaborators in S&T (and also theagption of foreign firms is significantly
larger), differences are not as marked as for the other variabl@®KF, COOP_VERT, and
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COOP_IC). Moreover, imports are fairly the same betweemiatienal and national collaborators in
S&T.

FIGURE 3
FOREIGN FIRMS AS A PROPORTION OF TOTAL FIRMS ACROSS TYPES OF
COLLABORATING FIRMS, ARGENTINA 1998-2001
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Source: Own elaboration based on the National latior Survey 1998-2001.

Figure 4 and 5 illustrate the validity of hypothesisltlis fairly noticeable that absorptive
capabilities -proxied by the intensity of investment in wative activities and by the proportion of
skilled workers in total workforce- are higher for the grai firms that reach international partners.
Firms that collaborate with any type of international partniergst almost a double proportion of
their sales in innovative activities than firms that reach oational partners (Figure 4, first column).
The professionals also represent more than double of thewtotkforce in the former than in the
latter group (Figure 5, first column).

If one compares collaboration with different types of parthnere concludes that the
differences in innovative expenditures between international atidnal are the highest in those
firms that collaborate with clients and suppliers, whilédedénces in skills are the highest for those
that collaborate with other actors within the corporatiorthla latter case, there are not significant
differences in expenditures in innovation as a proportiosatds between international and national
collaborators (Figure 4).

84



ECLAC - Project Documents collection National inaten surveys in Latin America: empirical eviderag®l policy implications

FIGURE 4
INVESTMENT IN INNOVATIVE EXPENDITURES AS A PROPORTI ON OF SALES ACROSS
TYPES OF COLLABORATING FIRMS, ARGENTINA 1998-2001
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Source: Own elaboration based on the National latior Survey 1998-2001.

FIGURE 5
SILLS OF THE WORKREFERENCE ACROSS TYPES OF COLLABOR ATING FIRMS,
ARGENTINA 1998-2001
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Source: Own elaboration based on the National latior Survey 1998-2001.

4.2. Econometric results

The econometric results on the multinomial model for oummairiable (COOP) are presented in
Table 4. We report the marginal effects evaluated at the mean afidbpendent variables. The
second set of columns corrects for endogeneity of the variabl®WACT. The correction is done

in two-steps.
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Since the variable INNOV_ACT is censored, we estnaal obit model (presented in Table Al
in Appendix) and we calculate the expected valuédNMOV_ACT conditional on being within the
interval (0,1). These predicted values were usedédnsecond ste3. As we mentioned before, we
experienced difficulties in finding the right instnents, since most available data that relate to
expenditure in innovation also relate to our mairiakde COOP. Our strategy was to increase the
explanatory power of the Tobit model (1st step) ag mwe did not create multicolinearity between the
predicted-INNOV_ACT and the other regressors in gheond step. The definition of instruments is
presented in Table A2 in Appendix.

Confirming our descriptive findings respect to the conteslables, we can see that firm size
more largely affect the probability of collaborating internagignthan nationally only. Moreover, it
seems that firms’ size decreases the probability of collabgratity nationally. In terms of sources of
information, firms that allocate high importance to intes@lrces of information, have also higher
chances to be collaborative, both nationally and internationalyle being interested in external
sources of information increases the chances of collaboratargationally.

The econometric exercise also replicates the deiserifihdings in what respect to the main
explanatory variables. Exporting and importing &ase the probability to cooperate international and
being foreign also increases the likelihood to caomeeinternationally. Oppositely, exports and foreign
ownership reduce the probability to interact sol@lith national partners. Similarly, absorptive
capability, proxied by the proportion of sales dedoto innovative activities and the proportion of
professional within the workforce, increases thencha of cooperating internationally while it does no
affect the probability of cooperating nationally.dther words, these results suggest that while roagsen
and absorptive capabilities are significant deterntmaof international collaboration they are not
significant determinants of national collaborat{as a matter of fact, being open reduces the protyabili
of cooperating just nationally). All these resute independent on whether the estimation is done in
one or two steps.

TABLE 4
MULTINOMIAL LOGIT MARGINAL PROBABILITIES ON COLLABO RATION AT
DIFFERENT DISTANCES, ARGENTINA 1998-2001

1-step 2-steps
NAT REG INT NAT REG INT
SIZE -0.027* 0.001  0.087*** -0.022 0.000 0.078***
[0.053] [0.919] [0.000] [0.118] [0.972] [0.000]
EXPORT -0.449%+* 0.026  0.413***  -0.453*** 0.027 0.425***
[0.000] [0.567] [0.000] [0.000] [0.547] [0.000]
IMPORT -0.121 -0.054  0.435%** -0.140 -0.034 0.486***
[0.377] [0.573] [0.000] [0.301] [0.717] [0.000]
INNOV_ACT -0.070 0.760** 2.476%** -4.402 2.252 10.827***
[0.928] [0.023] [0.000] [0.158] [0.179] [0.000]
FOREIGN -0.158*** 0.024  0.196*** -0.118** 0.013 0.137***
[0.003] [0.374] [0.000] [0.033] [0.660] [0.001]

(continued)

% The spearman correlation coefficient betweerikiOV_ACT and predicted-INNOV_ACT was 0.58.

46 As can be seen by comparing the coefficientd\NdfOV_ACT and predicted-INNOV_ACT, there are diffeces in
scale between these two variables. As a matterchf dlthough the median for the original INNOV_AG&s just less
than 0.02, the smallest estimated value for preditfiNOV_ACT was larger than 0.02 and the mediaa %83. The
predicted values of INNOV_ACT were very sensiblettomrestriction of the lower limit. If unrestricket would adopt
negative values and the median value would be B.000efficients for all the other variables remdirfairly
unchanged.
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Table 4 (concluded)

1-step 2-steps
NAT REG INT NAT REG INT
SKILLS -0.330 0.087  0.572*+* -0.261 0.068 0.469*+*
[0.205] [0.467] [0.002] [0.281] [0.566] [0.004]
INFO_INT 0.086* 0.096*** 0.108*** 0.132*  0.083*** 0.012
[0.050] [0.000] [0.010] [0.019] [0.008] [0.823]
INFO_EXT 0.056 0.023  0.237*** 0.073 0.022 0.230***
[0.413] [0.500] [0.000] [0.287] [0.518] [0.000]
SECTOR_COOP -0.462 -0.371 0.590 -0.439 -0.374 0.587
[0.258] [0.178] [0.135] [0.281] [0.178] [0.142]
CONSTANT 0.308*** -0.161***  -0.736*** 0.377**  -0.206*** -0.928***
[0.000] [0.000] [0.000] [0.000] [0.000] [0.000]
Observations 1198 1198 1198 1198 1198 1198
Pseudo-R2 0.20 0.12

Source: Own elaboration based on the National latior Survey 1998-2001.
Note: p values in brackets.

*** significant at 1%.

** significant at 5%.

* significant at 10%.

Similarly, Table 5 presents the marginal coefficients for moalelsooperation with different
types of partners.

In the case of cooperation with suppliers and clig@®OP_VERT), foreign trade, as
expected, increases the chances of cooperating itieraly and decreases the chances of
cooperating only nationally. Ownership, in turn, has effect on the probability of cooperating
vertically at any distance. Finally, absorptive @hitities seem to have some positive effect on the
probability of cooperating internationally but affenegatively the probability of cooperating just
nationally (coefficient for skill is negative).

Cooperating with S&T organisations (COOP_ST) has its garticularities. On the one
hand, it is to be expected that firms that collaboratehisrpgurpose with partners in every location are
particularly interested in innovative activitfésThus we would expect skills and innovative activities
to positively affect the probability of cooperation at evasgathce. This is what we find for skills and
innovative activity when endogeneity is not being controlled ¥When estimation is done in two
steps, the variable loses its significance in the case of coopgatmationally. On the other hand,
there are very few firms that cooperate internationally with $&ftners (only 6% of firms in the
sample plus another 5% that cooperate regionally); in othetswihis type of cooperation remains
very much nationally bounded. This might be explained byinb&ence of public institutes as
partners in COOP_SC. Therefore, foreign ownership doesignuficantly increase the probability of
cooperating with S&T partners. Trade, in turn seems to hawméiguous effect: on the one hand,
importing affects the probability of cooperating nationallyd aexporting the probability of
cooperating internationally. These results could be spurieeisadthe scarce number of observation in
S&T collaboration with international partners.

Finally, cooperating with other partners within the corporafCOOP_IC) also constitutes an
especial case of partnerships. Firms that cooperate in this gateger basically national

47 1t is worth remembering that the definition oflaboration from the Survey is very broad and idelcollaboration

in any activity associated to production, thussiinobt clear that the collaboration done with otpartners (e.g.
suppliers & clients) also has innovation as théipieary aim.
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conglomerates or foreign firms. As expected, there is a higideince of foreign firms on the
probability of cooperating internationally. Exporting incresmasthe probability of cooperating
regionally and importing the probability of cooperatinteinationally. Respect to variables related to
absorptive capabilities, skills affect the probability of coafieg internationally, while expenditures
on innovation changes its significance when endogeneity ig loeimrolled for; with no controls, the
variable is only significant to explain international partngshwhen controls are established, it is
also significant to explain merely national collaborations.

Results on Table 5 largely replicate results on Table 4; espdoiattooperation with vertical
partners. The other two types of collaboration show sonteylarities. On the one hand, there is a
high incidence of technologically able firms that cooperate w&i $rganisations. On the other
hand, there is bias towards size and ownership among fiahsdhperate with other partners within
the corporation. Therefore, absorptive capabilities are impoditetminants of collaborating with
S&T organisations at any distance, and openness (and sizdcaigty affect the likelihood of
cooperating within the corporation.

In order to validate our hypotheses, we need to compare codfficiemss distances. Results
on this exercise are presented in Table 6. For each of the regsessibables 4 and 5 we test the
hypotheses that coefficients for international collaboration Weresame than coefficient for national
collaboration. P-values are presented in Table 6. When thesecieoaffiare lower than 10%, we
claim that differences are significant. Significant differences aadesh but when the difference sign
does not go in the hypothesised direction cells are also dotted

As can be seen, the hypotheses are totally validated in the caseparation with any
partners. On the one hand, the difference in openness isicgighifmeaning firms that cooperate
internationally are open while those that cooperate just nagjoaed closed. On the other hand,
absorptive capabilities exert significantly higher influence ba probability of collaborating
internationally than on the probability of cooperating justionally. As a matter of fact, we have seen
in Table 4 that absorptive capabilities did not affect the piibityabf collaborating just nationally.
These are important results. This means collaboration at aktesel only might not aid knowledge
diffusion at its best. This is because skills and innogabehaviour make firms more likely to
collaborate regionally or internationally rather than onlyaretily.

Although less significantly, these findings are also cordd for cooperation with clients and
suppliers. For cooperation within the corporation, onlynemship exerts a larger influence on the
probability to cooperate internationally. As we said aboveesthe characteristics of these types of
collaborators are already quite specific (they would basicallytherdbig national conglomerates or
foreign firms) we could not find significant differencestbe determinants of cooperating nationally
and internationally besides ownership.

In the case of cooperation with S&T partners, although we reueia Figures 1 to 5 that in
average firms that cooperate internationally have higher absonpipabilities and are more open
than firms that cooperate just nationally, we see in Table Gbsarptive capabilities and importing
exert larger influence on the probability of cooperating justionally than on the probability of
reaching international partners. Thus, results for COOP_§@ in the opposite direction as
hypothesised. One possible speculation for this could beqtiadity filter imposed to firms
collaborating with (national) public institutions. Thitsnight be more important as a pre-requisite to
access national S&T partners to have high absorptive capabilites it is to collaborate
internationally. It is worth noting, however, that there &ery few firms that reach international
partners in S&T, and around 90% of them also reach nationalepsin S&T. The main difference
that we could find among those groups is that while imrirdtional partnerships laboratories
predominate, in national partnership universities and techyotemtres do. This justifies our
speculation, public research institutions might select thaitnprs based on their quality —and
therefore the chances to collaborate with them largely increase skills and innovative
expenditures— while collaborating with private laboratories &®&D firms might be more
responsive to market demand.
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TABLE 5
MULTINOMIAL LOGIT MARGINAL PROBABILITIES COLLABORAT ION WITH DIFFERENT TYPES
OF PARTNERS AT DIFFERENT DISTANCES, ARGENTINA 1998-2001

COOP_VERT COOP_ST COOP_IC
1-step 2-steps 1-step 2-steps 1-step 2-steps
NAT REG INT NAT REG INT NAT REG INT NAT REG INT NT REG INT NAT REG INT
SIZE -0.003 0.002 0.047*** -0.003 -0.001 0.051*** 0.045* 0.007 0.022%+* 0.044** 0.006 0.021%* 0.030%** 0.007** 0.017** 0.028*** 0.006* 0.011**
[0.833] [0.751] [0.000] [0.791] [0.903] [0.000] 1] [0.306] [0.000] [0.002] [0.368] [0.000] [0.0p0  [0.030] [0.000] [0.002] [0.065] [0.018]
EXPORT -0.498*** -0.032  0.302%**  -0.499*** -0.032  0.300*** 0.075 0.011  0.063*** 0.081 0.012  0.067** -0.013 .084*** -0.003 -0.012 0.036**  0.001
[0.000] [0.319] [0.000] [0.000] [0.323] [0.000] ®18] [0.702] [0.000] [0.288] [0.673] [0.000] [0.778  [0.010] [0.895] [0.797] [0.010] [0.939]
IMPORT -0.009 -0.044 0.190** -0.010 -0.049 0.227*** 0.217* 0.028 -0.025 0.255** 0.039 -0.027 0.025 0.026 087 0.033 0.027 0.066**
[0.939] [0.544] [0.033] [0.935] [0.500] [0.009] [@B1] [0.553] [0.334] [0.021] [0.407] [0.344] [0.7B8  [0.224] [0.012] [0.676] [0.223] [0.010]
INNOV_ACT 0.154 0.090  1.324** 1.122 1.712* -2.336 1.474% 404  0.329*** 2.440 0.925 1.457* 0.423 0.078 028*  7.495** 2.012%** . 989***
[0.789] [0.721] [0.002] [0.643] [0.088] [0.217] [@i4] [0.014] [0.006] [0.381] [0.277] [0.023] [0.1B0  [0.415] [0.004] [0.000] [0.005] [0.000]
FOREIGN -0.007 0.027 0.004 -0.014 0.013 0.026 -0.068 -0.027 0.000 -0.077 -0.034* -0.012 -0.011 0.030*** 0.093* -0.035 0.025** 1.066***
[0.860] [0.156] [0.905] [0.749] [0.570] [0.442] [B1] [0.143] [0.999] [0.116] [0.087] [0.325] [0.713  [0.001] [0.000] [0.269] [0.010] [0.000]
SKILLS -0.578** 0.057 0.150  -0.600*** 0.032 0.199* 0.484* 0.095  0.134** 0.448* 0.085  0.123** 0.142  0.092  0.139*** 0.075 0.077** 0.083**
[0.001] [0.416] [0.192] [0.001] [0.698] [0.082] [me) [0.177] [0.000] [0.020] [0.254] [0.000] [0.1p4  [0.005] [0.001] [0.427] [0.018] [0.010]
INFO_INT 0.132%* 0.069*** 0.063* 0.120** 0.047* 0.117%* 0216%* 0.033** 0.004 0.209%** 0.030 -0.010 -0.004 0.024*+* 0.014 -0.084** 0.002).057***
[0.000] [0.000] [0.069] [0.011] [0.035] [0.003] [@o] [0.038] [0.699] [0.000] [0.125] [0.502] [0.8p3  [0.006] [0.209] [0.015] [0.906] [0.001]
INFO_EXT 0.184*** 0.036  0.190***  0.184*** 0.030  0.210***  0.84** 0.040  0.056***  0.257*** 0.040*  0.053***  0.100** 0.020 0.012 0.081** 0.014 -0.011
[0.002] [0.151] [0.000] [0.002] [0.238] [0.000] [wo] [0.103] [0.000] [0.000] [0.099] [0.000] [0.0p5  [0.137] [0.486] [0.035] [0.323] [0.558]
SECTOR_COOP_V
ERT -1.418** 0.174 0.571  -1.400*** 0.178 0.532
[0.007] [0.529] [0.203] [0.008] [0.519] [0.230]
SECTOR_COOP_ST 0.528 0.136 0.013 0.502 0.125 -0.009
[0.317] [0.521] [0.923] [0.340] [0.558]  [0.950]
SECTOR_COOP_IC -0.219 -0.216 0.325* -0.308 -0.241 0.238
[0.614] [0.201] [0.054] 2] [0.205] [0.216]
CONSTANT 0.023  -0.163***  -0.493*** 0.000 -0.187**  -0.456*** -0.515*** -0.176** -0.212** -0.557*** -0.192**  -0.238** -0.339** -0.135** -0.222** -0.505***  -0.180** ).289***
[0.674] [0.000] [0.000] [0.995] [0.000] [0.000] [@00] [0.000] [0.000] [0.000] [0.000] [0.000] [0.0p0  [0.000] [0.000] [0.000] [0.000] [0.000]
Observations 1198 1198 1198 1198 1198 1198 1210 1210 1210 1210 2101 1210 1209 1209 1209 1209 1209 1209
Pseudo-R2 0.13 0.12 0.15 0.15 0.26 0.30

Source: Own elaboration based on the National lation Survey 1998-2001

Note: p values in brackets
*** significant at 1%.

** significant at 5%.

* significant at 10%.
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TABLE 6:
P-VALUES FOR TEST ON MARGINAL COEFFICIENTS FROM TAB LE 4 AND 5. NULL
HYPOTHESES: COEFFICIENT FOR COOPERATING SOLELY NATI ONALLY =COEFFICIENT
FOR REACHING INTERNATIONAL PARTNERS.

1-steps models

INNOV_ACT SKILLS FOREIGN EXPORTS IMPORTS
COOP 0.008 0.015 0.000 0.000 0.010
COOP_VERT 0.081 0.002 0.847 0.000 0.227
COOP_ST 0.051 0.066 0.135 0.878 0.030
COOP_IC 0.667 0.968 0.002 0.839 0.565

2-steps models

predicted-INNOV_ACT SKILLS FOREIGN EXPORTS IMPORT
COooP 0.001 0.032 0.002 0.000 0.004
COOP_VERT 0.295 0.001 0.508 0.000 0.147
COOP_ST 0.723 0.077 0.190 0.859 0.012
COOP_IC 0.189 0.927 0.003 0.794 0.674

When hypotheses are confirmed, significant diffiees and correct signs

When hypotheses are rejected, significant diffees and incorrect signs
Source: Own elaboration based on the National latior Survey 1998-2001.

Once again we want to highlight that our hypotheses onrdhdorcing effect of firms’
absorptive capabilities and international involvement on tlobgtrility to collaborate internationally
were developed for cooperation broadly defined. Thus, ourdismuwas on the determinants to reach
distant partners, whoever they were. We were interested in amplyfs¢ determinants of going
international in general and in particular whether it was necetsasyalready “capable” and “open” to
reach international partners, more than it was to reach natiotradzar

5. Conclusions

As it is widely acknowledged in the received thegedtand empirical literature, firms do not innovate i
isolation and cooperation is key for technologicalvéats. The NSI literature has stressed the value of
cooperation among partners located within the naktiboundaries (firms, universities, S&T institutsn
etc.) and the role of cooperating with partners athrbas received less attention. However, in the
globalization era cooperation with foreign partnergld be more relevant than in the past. Furtherniore,
the case of developing countries, this kind of coaipen could be more important than cooperation with
national partners, since knowledge and capabiliieglable within the country’s frontiers could bet no
enough for firms wishing to develop ambitious innoxeatctivities.

In this paper we do not explore the relevance of differentiskiof cooperation, but the
determinants of the probability of cooperating with partiecated at different distances. We do so
through the study of the Argentina’s manufacturing firemdperation behaviour. Our hypotheses were
that internationally integrated firms (through trade ootigh foreign investment) and technologically
able firms (those with high absorption capabilities, measuhedugh the availability of skilled
workforce and the development of innovation activities), cdagdmore prone to cooperating with
international partners, rather than with just national partners

Our findings largely confirm these hypotheses. Firms thporximport and/or have foreign
ownership show higher probabilities of establishing coojerdinkages with international partners.
The same goes for skilled labour intensive firms and forsfithat allocate more resources to innovation
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activities. Larger firms and firms that assign higher imgome to external sources of information are
also more prone to collaborating with international partnéhese findings go in line with our
arguments that international cooperation is self-enforcingbédnternationally integrated demands
and/or induces cooperation with distant partners) and selfiseléit cooperate abroad demands higher
capabilities than national or regional collaboration).

When disaggregating cooperation with different kiofl partners these finding are mostly
confirmed in the case of cooperation with cliemd auppliers. When analyzing intra-firm cooperatios
only significant determinant of international cooperats foreign ownership. This is not surprisingcgin
very few domestically owned firms have affiliates abrdaehce observations for the variable intra-firm
cooperation corresponds almost exclusively to foregmned firms. Local affiliates of foreign firms by
default establish cooperation linkages with theidaearters and/or with other affiliates of the corporati
since their technological behaviour is mostly depehdemn the innovations they receive from those
partners. Hence, it could be expected that indeplydef the characteristics of those affiliates, they
establish international cooperation linkages insafatheir production activities depends, to a largengxt
on information received from other partners withindbgooration.

When dealing with cooperation with S&T institutiomsir hypotheses are rejected. We found that
absorptive capabilities and imports exert high8luémce on the probability to cooperate nationalljyon
than internationally. Our speculation for this itated to the pre-requisites for accessing collabaativ
agreements. Given that the majority of internati@uantific and technological partners are privabes la
and R&D firms while in the case of national partrtbesy are universities and research centers, iddoel
argued that the latter implement an institutionaéc@n process based on ‘quality’ to select partners
among firms wishing to collaborate, while the forraecept partnerships on a market demand basis.

We have found that openness and absorption cajgbiire key determinants of international
cooperation in general (while they are not for cooparalone within the national boundaries). To some
extent, this means that promoting only domesticraciiin might not be the best policy action if
technology diffusion is aimed at, because collafimmaagreements among only national partners are
predominantly established by technologically lebte dirms. Instead, technologically more able firms
establish international cooperation. Therefore, & mready to assume that the opportunities for d@ogess
novel knowledge increase for a firm that establightesnational collaboration agreements, one is ready to
claim that international collaboration is self-enfogcitunder these assumptions, from a policy point of
view, international agreements should be promoted sto asvoid the trap of interacting within a
community of firms with low technological capab#i.

However, some of the drivers for international cooperationbas@nd the scope of public
policy actions (e.g. foreign ownership —in fact, it wouwldt be wise to recommend domestic firms
selling their equity to foreign hands in order to increase d¢hances of establishing international
linkages). But not all of them:

On the one hand, there could be a virtuous cireterden trade and international cooperation. Firms
engaged in foreign trade could be more prone tpamating internationally and, in turn, this coopiera
might increase their competitiveness. Hence, prioigdirms to engage in export activities could naty
have a positive impact in terms of trade balance,atso on the firms' competitiveness levels thtoug
learning and innovation, an argument that has beggested in the received literature.

On the other hand, employing skilled labor andcalimg more resources to innovation activities
also increases the chances of cooperating intenaditi with a broad range of partners. Anotherueius
circle emerges in this case, since cooperatiorddatther increase absorption and innovative céifiabi

This paper was set within specific limits, both empiricalhyd conceptually. Firstly, we have
been limited by the lack of panel data. It would have been moreenint to perform panel data
analysis to better control for firms’ fixed effects.

Secondly, although we have controlled for sectoral specificitigh® probability to cooperate,
we have not tested whether the determinants of cooperation affegbrdibability to cooperate
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nationally/internationally differently for different sectoFor example, firms that belong to sectors that
are far behind the technological international frontier might rteedompensate for this with higher
internal capabilities than firms from sectors in which therea national advantage. Similarly,
technological specificities could make absorptive capabilities meressary in some sectors and less in
others. We did not have enough data to disaggregate the aestisnadir sector, thus it is left for further
research. Particularly, it would be interesting to assesshethehe determinants of international
collaboration change for different sectors.

Thirdly, based on our review of the literature we énaleparted from the assumption that
international cooperation is more relevant for learrimgleveloping countries and even more so in the
globalization era. Some scholars within the NSI liteemight dispute this assumption. On the one hand,
NSI scholars might believe in the existence of legrmnonomies associated to interacting, even if only
nationally. On the other hand, the internation@&cggdization of many developing countries might make
national firms technologically subordinated to intgional partners. A sort of vicious circle couldghu
arise insofar those countries are specialized itivitees with low opportunities for endogenous
technological learning which in turn would reinfotbeir dependence on foreign partners. We believe that
more empirical research should be done aiming atsisgebe difference in technological upgrading and
economic performance between firms that cooperatenaditicagainst those that do so internationally. For
example, are the latter technologically more dynaanit more productive than the former?

Finally, the data available did not allow us to dgtiish different modes of collaboration and we
believe this is an important drawback to be overcavhen more data is made available. While some
modes of collaboration might result in very litkaowledge involved (e.g. funding, tests, etc.) or
knowledge transfer in a single direction (e.g. tregn consultancy, etc.), there is much more to gain i
terms of capability improvement with other modesafaboration (e.g. joint R&D projects).
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Annex

TABLE A.1
TOBIT REGRESSION ON INNOVATIVE EXPENDITURE OVER SAL ES, ARGENTINA 1998-2001

INNOV_ACT

EMPLOY 0.000*
[0.051]

EMPLOY_2 -0.000*
[0.078]

PATENTS 0.008*
[0.075]

INFO_CORP 0.081***
[0.000]

BASICNESS 0.000***
[0.003]

PUBLIC_SUPPORT 0.012
[0.131]

INNOV_ACT_SECTOR 0.112**
[0.048]

PATENTS_SECTOR 0
[0.347]

CONSTANT -0.030***
[0.000]

Observations 1323
Df 8
Log likelihood 1132.376
Pseudo R3 -0.198
LR chi2(8) 374.41
Prob > chi2 0.000
N of observations 1323

p values in brackets
Source: Own elaboration based on the National lation Survey 1998-2001
*** significant at 1%
** significant at 5%
* significant at 10%
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TABLE A2
DEFINITION OF REGRESSORS OF TABLE Al
EMPLOY Employment
EMPLOY_2 Squared employment
PATENTS Dummy variable that adopts the value héffirm obtained at least one patent.
INFO_CORP Internal (to the corporation) sourcemfifrmation, normalized in a 0-1 scale.

Ratio of (1) importance of universities, researehters or technological centers (national
or international, public or private) as sourcegédrmation for innovative activities
(normalized in a 0-1 scale) and (2) importance afkat partners (clients, suppliers and
competitors) as sources of information (also noizedlin 0-1 scale)

BASICNESS

Dummy variable that adopts the value 1 if the firtiized public funding for innovative

PUBLIC_SUPPORT activities.

Innovative activities: Average expenditures in R&B-house and external), in
INNOV_ACT_SECTOR engineering and industrial design, hardware, sofiweapital goods , licenses,
management, consultants and training over Salesedtpr ISIC 2 digits.

Dummy variable that adopts the value 1 if the foibtained at least one patent, by sector

PATENTS_SECTOR ISIC 2 digits.

Source: Own elaboration.
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V1. Make, buy and cooperate in innovation:
evidence from Uruguayan manufacturing
surveys and other innovation studies

Carlos Bianchi #®

Natalia Gras
Judith Sutz

Abstract

The paper analyses the cooperative behaviourro§fin innovative activities from several data searc
and using such data in different ways. Our mairurapsion is that cooperation for innovation is a
knowledge exchange process, driven by people. [&ads to stressing the importance of knowing who
knows what -and does what- in firms. The resultaiobd demonstrate that “scientifically and techlhjc
trained employees” are among the most relevardivias to understanding the cooperation for innomati
within the Uruguayan industry. We posit that oupra@ach helps to improve the usefulness of innowatio
statistics for public policy design.

The authors want to thanks the Science, Techn@ogdyinnovation Direction of the Ministry of
Education and Culture of Uruguay for making avadatihe innovation survey micro data. We want
specially to thank MSc. Belen Baptista for her hdlpere is a more recent Innovation Survey, 2004-
2007; nevertheless these microdata are not avayabfor general analysis.

48 University Research Council Universidad de la @#jga, Uruguay. Postal Address: Jackson 1303, CFOQ,
Montevideo, Uruguay. Phone: (598 2) 4087033 — 40223Fax: (598 2) 4087121. carlos@csic.edu.uy,
natalia@csic.edu.uy, jsutz@csic.edu.uy.
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1. Introduction

The cooperation between firms and different typé®manizations with the aim of improving
their capacity to innovate has been unanimouslyalgd as important. This has been especially
notorious in appreciative theory with a neo-schurepan turn. (Nelson and Winter, 1982,
Johnson, 1992) Moreover, research on innovationcemred with the commercial success of
innovations, or the usefulness of innovations foeafic social actors, insists on cooperation as a
main explanatory factor in the observed resultstiiRell, 1972; Lundvall, 1985; von Hippel,
1986). Cooperation for innovation is undertakenhwarious types of “external” actors: other
firms, universities and different kinds of scierdtifand technical service providers, clients and
users. Survey-type empirical research has seldatnded users as partners for cooperation, even
though early in innovation research they were recefl as a powerful source of innovation (von
Hippel, 1986), and recent research as well as patiaking is highlighting the role of users to
such an extent that the expression “user-drivenvation” has become fashionable. (Jepessen and
Molin, 2003; Lett et al, 2006).

The identification of the factors that can foster or pamnthe propensity of business firms
to cooperate for innovation is far from simple, tmadarly because they are highly context
dependent, as any factor embedded in the culturakunilh which it operates. However, some
assumptions can be made to give an a priori framevimr empirical work, both to propose
indicators and to interpret results. These assumptiongs follows:

Cooperation with external actors with the aim tdtdreinnovate is related to knowledge
exchange#’ If the firm has all the knowledge it needs, or eacess the information it needs and
transform it into knowledge without further interacis with external actors, or can develop
internally in a profitable way the knowledge it ne@dthout cooperation, or it does not care about
knowledge, cooperation for innovation would probatudy take place.

Knowledge exchanges are embedded in people, and dherehat people know (in the
firm) is important to assessing the scope of suathamges, that depend on the recognition of
sources of useful knowledge, the understanding ofvénes in which such knowledge can be turned
into a useful tool for business purposes and the dgpacestablish fruitful dialogues with people
belonging to different organizational and institatd cultures?®

Knowledge exchanges involve a good deal of tacit kadgé (“The things that we know in
this way include problems and hunches, physiognsmied skills, the use of tools, probes and
denotative language...” Polanyi, 1983: 28)So, such exchanges are mostly exchanges between
people in different organizations and not betweenriegdions as such, even when such exchanges
result from institutional agreements.

This framework leads to understanding cooperationaasubstantively “people-driven
activity”, even if it can be performed through fally institutionalized agreements. From an
empirical point of view, this leads to understandihg factors related to the firms’ propensity to
cooperate looking with particular care to the défg types of knowledgeable people within the
firm, to what they know, to the efforts done to apeland upgrade what they know and, last but not
least, to the opportunities they are given to eixpleir creativity while developing their organized

4% Even cooperation to access financial supportrioovation can be considered a knowledge exchamgerne extent,

because the questions to be answered by the firgettdhat support may help it to better understiedprocesses
involved and its consequences.

Nelson and Winter have stressed this point faligeffirst by distinguishing between “knowing hotw do X" and
“knowing how to get X accomplished”, and seconahbiing that the latter involves not only the apitd name the skill
involved in getting X accomplished but some ledamiliarity with such skill too. (Nelson and Wert 1982:87)

This is forcefully explained, among others, bytK@avitt (1996).
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work. The latter has been included in some innovatgated empirical work, (Lund and Gjerding,
1996; Arundel, et al, 2006) but has not yet enténéal the main recommendations for comparative
research on innovation.

The more cooperation is seen as important for innovatioricarimbtter exploiting the pool of
knowledge available at national and international level, the ntoemtéers the realm of science,
technology and innovation policies. Innovation surveysukhprovide policy guidance for policies
aiming at fostering cooperation for innovation between fiamd other actors. This, however, is not
always the case. A series of interviews conducted by MERIT wi#tif members of the European
policy community in the spring of 2005 found that ecoatiia results (stemming from CIS surveys)
rarely influenced policy making. Instead, the policy commurpteferred detailed descriptive
analysis, particularly when combined with case studies. Thiflids with the perspective of the
academic community, which focuses on econometrics. This hadnaleased over time, with a
decrease in academic reports that contain careful descriptive analysesemdtowards increasingly
complex econometrics in academic publications” (Arundel, 2003F1@wever, Arundel indicates that
one of the subjects in which innovation surveys analyze havenbeal political impact was precisely
cooperation. Cooperation seems also to be one of the isstigolilty makers would most like to get
well acquainted with: “The main type of new indicators that titerviewed would like to have
concerns the process of commercialization and collaborative activiti@sing innovation. The latter
has the higher political interest, cited by all the intervielmetdtwo from the 19 countries” (Arundel,
2006: 3). We do not know for sure what Latin America’s smerechnology and innovation policy
makers, both at governmental and academic levels, would likeow Rbout the real innovation
processes. But we can be sure that the assertion that the primdéegce for innovation indicators is
the policy community is equally valid for Latin America assitfor Europe. Making the best of
available data and presenting sound arguments to back alternativesrécollection seems to be a
valuable exercise. This is what we attempt to do in this gapére Uruguayan case.

In section two, we explore the factors that better explain tbpepsity to cooperate for
innovation in Uruguayan industrial firms: our findingenfirm the role played by knowledgeable
people, even in a weak innovative environment. In Section threeyrganize the empirical data
differently, which allow us to criticize the accuracy of the watmn survey results taken at face
value. Nevertheless, the importance of knowledgeable peopledpemtion is reassured. In section
four, we briefly discuss some recent empirical studies thateasldnnovation industrial surveys with
the kind of framework sketched above: our main point is nieghing forbiddingly complex can be
found that would stop Latin American surveys from follogvthat path. In Section five, we present
some conclusions and suggestions for future work.

2. The Uruguayan Innovation Survey 2001-2003:
descriptive statistics and econometric analysis

The results of the Uruguayan industrial innovation sur¢yS), conducted by the Science,
Technology and Innovation Directory of the Ministry of Edtion and Culture and the National
Institute of Statistics and covering the period 2001-20@83, released in 2008.

From the surveyed firms, 36.1% declared having iakien some kind of innovation activitids
34.6% declared having introduced some type of iatiow, and 31.1% declared having introduced

52 The utilized sample is representative of the whiiuguayan manufacturing industry (Chapter Djdims 15 to 36 of
the International Industrial Standard Classifica{idSC), Revision 3, adapted for Uruguay (httpaiiwine.gub.uy).
Innovation activities include: internal or extatiR&D, the acquisition of capital goods, hardwarel software for
innovation purposes, technology transfer, indulstiesign, management and training improvement&nted to
processes or product development or to organizatimmtrading innovations.
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technologically improved products or processesofiative TPP) during the given period. The diffeeenc
between firms that undertook innovative activiges! those that effectively introduced some innowaith
the market is negligible: almost all firms thaéttito innovate appeared to be successful. Thigssiabhall
be discussed later on. The following three taliesvshe distribution of innovative TPP firms byesiby
sector and in relation to characteristics of paldicinterest. Given our concern about the knovdabie
people in the firm, each of these tables includdsnans indicating whether or not such firms haveatr

university graduates in their staff and whethanairthey have scientifically or technically higleetucation
trainees (STT) in their staff

TABLE 1
INNOVATIVE TPP FIRMS BY SIZE (NUMBER OF EMPLOYEES)
Innovative TPP firms Innovative TPP firms
. have professionals have STT professionals

Size Percentage (%) (%)

Yes No Yes No
5t09 24.1 25.7 74.3 3.7 96.3
10to 49 54.7 43.9 56.1 30.6 69.4
50 to 99 9.6 83.9 16.1 78.2 21.8
100 to 249 7.3 89.4 10.6 86.4 13.6
250 to 499 3.0 92.6 7.4 80.8 19.2
500 or more 1.3 100.0 0.0 100.0 0.0
Total 100.0 48.8 51.2 35.0 65.0

Source: Own elaboration based on IAS 2003.

TABLE 2
INNOVATIVE TPP FIRMS BY SECTOR
N %Z'%\t‘r}oﬁg Innovegxiezzizrfggs have Innovative TPP firms have STT

Activity sector industry professionals

% Yes No Yes No
Food, beverages and tobacco 34.1 45.5 54.5 37.9 1 62.
Textiles and garments 55 52.9 47.1 22.0 78.0
Shoes and leather products 24 42.9 57.1 333 66.7
Wood and paper 3.1 35.7 64.3 32.1 67.9
Edition and impression 8.8 57.5 425 16.3 83.7
Oil and derivative$ 0.1 100 0 100.0 0.0
Chemistry 8.7 77.5 22.5 75.0 25.0
Pharmaceutical products 2.7 100.0 0 95.8 4.2
Non metallic minerals and basic metals 2.9 36 64 8.02 72.0
Metallic products 0.8 85.7 14.3 85.7 14.3
Machinery and equipment 13.0 11.0 89.0 11.0 89.0
Electrical machinery and equipment 2.9 61.5 385 .050 50.0
Transport material 2.8 64 36 44.0 56.0
Other manufactures (non specified) 12.2 56.9 43.1 452 75.5
TOTAL 100 48.8 51.2 35.2 64.8

Source: Own elaboration based on IAS 2003.
& There is only one big public firm in this sector.

% Professionals with Scientific or Technical Traigi(STT) are considered those with training in jtts;schemistry,
mathematics, statistics, medicine, biology and lémaistry, engineering, architecture or agricults@énces.
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As we could expect, the proportion of firms that dgrofessionals and STT professionals
varies with the size of the firm. The drop from havrgfessionals to having STT professionals for the
small and very small firms is particularly dramatibeTmajority of university trained personnel engaged
in innovative activities in the Uruguayan industB8.6% total) are STT. This implies that a small
proportion of the smallest firms have universityrtess performing innovation related activities.

The relationship between the presence of STT professionalkeaficht’s sector of activity is
expectedly high in the chemical and pharmaceutical sectors, buth&rsupposedly technologically
intensive sectors. Within, machinery and equipment, for exartifgepresence of these professionals
is quite low. This result is in tune with research fimgdirpointing to the historically very high intra
sectoral heterogeneity of the Uruguayan industry. (Argentj &088; Bianchi, 2007)

TABLE 3
INNOVATIVE TPP FIRMS BY SEVERAL CHARACTERISTICS OF INTEREST

% in total % of innovative TPP % of innovative TPP

innovative firms that have firms that have STT

TPP firms professionals professionals

Yes No Yes No Yes No

Foreign capital 6.8 93.2 93.4 6.6 80.6 19.4
Spend in R&D 35.6 64.4 62.7 37.3 45.0 55.0
Perform internal R&D 39.3 60.7 60.6 39.4 46.8 53.2
Receive public financial support for innovation 0.6 99.4 100.0 0.0 100.0 0.0
Cooperate for innovation 82.4 17.6 49.9 51.1 37.9 62.1
Cooperate with S&T institutions 55.1 44.9 64.5 35.5 48.7 51.3
Cooperate with other firms (clients, suppliersgotirms outside their group) 58.2 41.8 42.9 57.1 5.43 64.6
Cooperate with firms within their group 19.7 80.3 38.2 61.8 34.1 65.9
Cooperate with S&T governmental programs 6.7 93.3 717 28.3 48.3 51.7
Cooperate for R&D 11.5 88.5 74.0 26.0 71.2 28.8
Cooperate for R&D with S&T institutiofis 9.1 90.9 70.7 29.3 68.3 31.7
Cooperate for R&D with other firms (clients, suppdi, other firms outside 34 96.6 60.0 40.0 60.0 40.0
their group}'
Cooperate for R&D with firms within their grodp 34 96.6 58.1 41.9 54.8 45.2
Cooperate for R&D with S&T governmental prograims 1.2 98.8 100.0 0.0 100.0 0.0
Cooperate for other innovation activitfes 65.0 35.0 52.7 47.3 41.8 58.2
Cooperate for training 39.7 60.3 61.5 38.5 46.0 54.0
Use external sources for scientific information A1, 587 60.9 39.1 45.6 54.4
Obstacle for innovate with high rating: scarcitygohlified personnel 19.0 89.0 38.0 62.0 12.8 87.2
Obstacle for innovate with high rating: risk of avation 13.0 87.0 50.8 49.2 32.2 67.8
Obstacle for innovate with high rating: insufficienformation about markets ~ 15.5 84.5 47.5 52.5 16.4 83.6
and technology
Obstacle for innovate with high rating: insufficietcess to financing 33.3 66.7 42.7 57.3 27.4 72.6
With professionals in R&D 18.5 815 93.4 6.6 100.0 0.0
Ask and/or obtain patents (Uruguay) 6.0 97.0 89.1 10.9 53.7 46.3
Ask and/or obtain patents (MERCOSUR, rest of thedyo 1.0 99.0 100 0 88.9 111
Novelty of innovation of TPP firm: firm 57.0 40.1 59.9 30.8 69.2
Novelty of innovation of TPP firm: national, regairor international market 43.0 60.8 39.2 409 59.1
Novelty of innovation in products: firm 445 47.3 52.7 35.6 64.4
Novelty of innovation in products: national, regidor international market 30.5 57.2 42.8 327 673
Novelty of innovation in processes: firm 57.9 40.3 59.7 34.4 65.6
Novelty of innovation in processes: national, regicor international market 27.3 64.0 36.0 248. 51.8

Source: Own elaboration based on IAS 2003.

& The Uruguayan survey asks about linkages with tagehthe National System of Innovation to deveiopovation
activities. It did not ask specifically about comgi®mn. “Linkages for R&D” is considered thus thesbpossible proxy for
cooperation activities. It is worth stressing tihé& not possible to assimilate “linkages” to éperation” because this would
lead to a too loose definition of cooperation.dntf for the whole sample of innovative TPP firthg proportion of firms
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indicating that they have linkages with the purpoimnovation amounts to 82.4%, leading to an almon discriminatory
situation for “cooperate” or “does not cooperatdreover, linkages are mostly related to relativetgpecific activities, as
shown by the fact that the bulk of cooperation, 6B%er “other innovative activities”.

Table three summarizes the relation between the variables used ag fopfmnovation as
a people embedded process” and the different variables that wilelgein the econometric model as
independent and dependent variables.

The latter refers to the cooperation propensity of the fifiisoperate for R&D” in its
different modalities seems to imply the need of having nlyt professionals but STT professionals as
well: between 60% and 70% of the innovative TPP firms dexgdtiis type of cooperation have both
types of professionals. It is also interesting to obsenme¢ passing from novelty at firm level to
novelty at national, regional or international implies a jumphe proportion of firms that have
professionals and STT professionals.

In Table 4 some activities related to performing R&D and cajper for innovation and for
R&D were selected “negatively”, that is, the focus is in notquaring the activity. The results
confirm that not performing an activity distinguishes betwésrse firms having or not having
professionals: more than 60% of the firms that do nobpareach of the selected activities do not
have professionals.

TABLE 4
NOT PERFORMING ACTIVITIES AND HAVING OR NOT PROFESS IONALS

Innovative TPP firms have STT
professionals

Yes No
Do not spend on R&D 29.7 70.3
Do not perform internal R&D 27.5 72.5
Do not receive public financial support for inndeat 34.7 65.3
Do not cooperate for R&D with S&T institutions 35.4 64.6
Do not cooperate for R&D with other firms (clienssippliers. other firms outside their group) 34.1 5.9

Source: Own elaboration based on IAS 2003.

We present now the results of the econometric model, whichbkeasi are defined in Annex
1. This model was built following a common methodoldgy all the participants in the ECLAC-
IDRC project, with the aim of analyzing in depth the deternmahco-operation for innovation. It is
possible as well to compare the results obtained from the nwattelthose stemming from the
descriptive analysis.

When taking into account the real sample (that is, the sanifileu expansion) of TPP
innovative firms that engage in collaborative agreements for R&® Uruguayan survey indicates
that 17.8% of all innovative firms have been engaged in co-dyegtangements related to R&D.
To have some clue about the likeliness of such a figure, wehtakEaper of Abramovsky et al (2005)
which uses a very similar methodology in order to analyze thgpetive R&D activities in four
European countries. The paper indicates that the correspofigiimg for Spain is 14%, taking a
population of firms of more than 20 employees and consiglesm innovative firms those that
introduced innovation and also those that undertook inn@vattivities during the period of analysis.
The corresponding figure for Germany is 18%. The figumre Uouguay can then be considered
plausible. The results of the econometric model are presentedbia 3.

%5 With the already mentioned caution note about boweperation is defined in the questionnaire.
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TABLE 5
CHARACTERISTICS OF FIRMS THAT UNDERTAKE
CO-OPERATIVE ACTIVITIES FOR R&D

Dependent variable = 1 if firm has a co-operatdreR&D Probit Estimates

1) (2 3 4
Cooperation with any Cooperate with Cooperate with Cooperate with
organization S&T institutions other firms Group’ s firm
Size 0.001 0.001 0.000 -0.001
(0.001) (0.001) (0.001) (0.001)
Foreign Capital 0.158*** -0.011 0.011 0.083***
(0.048) (0.043) (0.013) (0.025)
Skills 1.501** 1.388** 0.092 0.143
(0.737) (0.587) (0.165) (0.238)
R&D Intensity -0.547 -0.378 -0.017 -0.033
(0.679) (0.574) (0.114) (0.18)
Public Support 0.186 0.149* 0.038*
(0.117) (0.089) (0.029)
Technological Opportunities 0.2%** 0.148** 0.029* 0.037
(0.071) (0.057) (0.021) (0.028)
Novelty of innovation 0.113** 0.069** 0.035** 0.027
(0.039) (0.031) (0.013) (0.015)
Legal Protection -0.068 -0.016
(0.084) (0.057)
Lack of access to finance -0.097** -0.014
(0.046) (0.018)
I(_)fr::cnk1 ;Jrfkféct:cess to information 0.128* 0,035+ 0.022
(0.07) (0.019) (0.026)
I(_;ra]u:tlfe ;: :1(;:'((:)233 to information 0.099*
(0.051)
Lack of qualified personnel -0.015
(0.023)
Industry level cooperation 0.649*+* 0.387*+* 0.073* 0.066
(0.169) (0.135) (0.05) (0.05)
Pseudo R2 0.214 0.158 0.228 0.312
LL -130.31 -106.79 -43.02 -54.78
Chi — square 72.54 43.82 18.62 45.76
Observations 354 354 354 354

Source: Own elaboration based on IAS 2003

Note: Robust Standard Error in parentheses

***significant at 1% level.

**significant at 5% level.

* significant at 10% level.

The numbers reported are the marginal effect ofrttiependent variable on the probability of coopera
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Abramovsky et al (2005:5) indicate: “As in Cassiman and Veug€l002) we find that
firms’ ability to take advantage of incoming spillovers lire tform of publicly available knowledge
(their absorptive capacity), and firms’ ability to limiitgoing spillovers and appropriate the returns to
their innovative efforts both have a positive effect on tkalihood of firms undertaking co-operative
R&D agreements. Moreover, absorptive capacity is found to beoee nmportant factor in
determining collaborative agreements with research institutidasmight be expected given the
orientation of public support for R&D we find a positiveationship between receipt of financial
public support for innovative activities and the probabitify)cooperating with the research base, and
to a lesser extent with the probability of co-operating vather firms. Finally, we find some
evidence, particularly for firms in Spain, that cooperative R&Dnotivated by a need to overcome
financial constraints, potentially reflecting differences in capitatkets”. The Uruguayan results go
in the same direction:

() incoming spillovers, approximated by the variable “technologimaportunities”
(which takes into account the importance given by firms to meakesources of
knowledge), have a significantly positive effect on the likalthof firms undertaking
co-operative R&D agreements;

(i) absorptive capacities, approximated by the variable “skills” (measbredhe
proportion of professionals working on R&D in totalnmioer of employees) have also
significant positive effect on the likelihood of firms uniddéing co-operative R&D
agreements, this is also the case for collaboration with 8&fitutions;

(i) a positive relationship can be found between receiving pubippst and the
probability of cooperating with the research base; in the UWyajucase this also true
for cooperating with other firms, an expected result given phdic support for
innovation at firm level is usually stronger if collabovatiarrangement between firms
are present;

(iv) cooperative R&D seems to be motivated by a need to overcome fineomsitaints;

(v) differently from the conclusion of Abramovsky et al (20a8g limitation of outgoing
spillovers is not significant in Uruguay, a result relatedhte lack of importance of
patents in general.

Moreover, other interesting characteristics are:

(vi) Skills are a significant variable at 5% of confidence and ithé most important
variable explaining the probability to cooperate on R&D, pdgityito cooperate with
S&T institutions. This result is aligned with the litanag on innovation, especially that
which is concerned with absorptive capacities. It is interestingpte the importance
of this variable in a developing country like Uruguay. linteresting to note that this
variable has not been extensively used as a proxy for absormpdipacities: our
framework, as well as our results, suggest that it shauld b

(vii) Technological opportunities (used as a proxy faoiing spillovers) is a variable that
shows a positive and significant relationship wlith likelihood to co-operate. This result is
not surprising; in order to be aware of technolalgapportunities as well as of who could
be a partner for interactive innovation activitiex-operative arrangements can be
particularly useful. Cooperation with S&T institais and other firms (vertical cooperation)
seem to be affected in a smaller magnitude byxiséeace of technological opportunities.

(viii) Foreign capital is a variable that shows positive and signtficglationship with the
likelihood to co-operate, including firms of the same grolis result confirms that
foreign firms tend to co-operate with their headquarterstordoranches of the firm.
Given the importance of the current discussion on foreignsfilocal spillovers in
developing countries, it is worth being cautious with tesult in terms of generalizing
it to all firms at the national level.
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(ix) The novelty level of innovation seems to be a “good” variableterms of its
explicative power related to co-operation for R&D. This resdems to be of
“common sense” to some extent: the more the novelty, the mereothplexity, the
more the need for assessment on technical information, fancetabout standards,
etc. In the same vein as in the case of skills, this is a lersasdom used in other
empirical analyses of co-operation for R&D.

(x) Public support is a variable that shows positive and stgmif relationship with the
likelihood to co-operate, particularly with S&T institutorand with other firms
(vertical co-operation). This result suggests that co-oper&tio R&D is an activity
that implies costs to the firms, which tend to incur moresuch co-operations when
they are supported by public resources.

(xi) Variables related to obstacles to innovate show different bekawih lack of skilled
personnel not showing any significant relationship with ghobability of co-operating
for R&D. Lack of information about markets is significard foster vertical
cooperation while lack of access to information on technologiems to foster co-
operation with S&T institutions. Lack of finance seemsbt an un-differentiated
problem: not having access to finance hamper co-operation witbrganization. This
result is in line with the suggestion made above.

(xiiy Patents are not significant, but not just for co-operalionin absolute terms. The
proportion of Uruguayan firms that ask for or obtain patane negligible.

(xiii) R&D intensity, approximated by the proportion of R&D erglitures on total sales, is
a non significant explanatory variabi@.

(xiv) Size is not significant as an explanatory variable. We have difggtent ways of
taking this variable into account, with no significant vaoiasi in results. The mean of
employees for the total sample of innovative TPP co-operatiws s 106 (any firm
with more than 100 employees is considered as a “big firntfiennational statistical
conventions of Uruguay). This shows that cooperation ®bD R weakly present in
small and medium firm3. This is not such a surprising result according to theiguev
analysis of the Uruguayans Innovations Surveys (Pittalugg 2005. Bianchi, 2007).
Also, for the Canadian innovation survey of 1999, a simdlituation is reported.
(Arundel and Mohen, 2003: 47)

(xv) Industry level co-operation is, expectedly, a significantalde, showing that the
probability of co-operating for R&D is associated to thenfr sector.

3. Looking critically into data

The main results of the econometric model presented and analy2edtian two exhibits two types
of results. Some of them are arguably predictable in the difytite background knowledge we have
about the Uruguayan industry; however, these results mpksdible to discuss some dimensions that
are specially useful for the analysis of the innovation prog@8ser results are of a more general
nature. Among the latter, we would like to insist oméssrelated to the “innovation as people driven
activity” approach to innovation, encouraged by the good cdoeldhe model shows between

% Some additional measures were made to test tHaretpry capacity of the considered variables. feasures of

the mean value of the considered variables shdferdift outcomes. No significant differences wenenfib across
cooperative and non-cooperative firms in the cd$8® intensity.

The measure of the mean value of the variabie"sioes not show significant differences acrosspeoative and
non-cooperative firms.
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“skills” at firm level and the likelihood to co-operate on B&lt is particularly interesting to link the
information from the innovation survey presented so fdrthe results of the model, to the additional
empirical evidence presented in this section, where we work Wwihsame data set but look
differently into it, as well as referring to other sourcésnormation. The section ends referring to
these links and what they imply.

The Uruguayan industry’s innovative behaviour is, in gerterats, weak. The proportion of
innovative firms is low, that endogenous innovation éff@ccount for a small part of the budget
devoted to innovative activities, and spending in R&D isesmely low. Industry constitutes a weak
market for higher education scientific and technically trained pesdpa trend that was observed
systematically for the first time in 1986 and has not changétitoday.

TABLE 6
COMPARISONS BETWEEN FIRMS WITHOUT SCIENTIFICALLY OR  TECHNICALLY
HIGHER EDUCATION TRAINED STAFF IN 1985-1987 AND 2001-2003

% of firms without scientifically or

Size of firms technically higher education trained (STT)
staff®
1985-1987 (1) 2001-2003 (2)
Small
20-49 for (1) 73.8 87.4
<20 for (2)
Medium
50-99 for (1) 50.3 63.2

20-100 for (2)

Large > 100 22.5 21.9

Source: Argenti et al, 1988; Bianchi and Gras,&00

& Life science trainees did not exist in industryl 885-1986; they account for 1% of all trainees
in 2000-2003.

This result contrasts with the weight of life sue researchers in the Uruguayan academic
milieu, where they are by far the best represegtedp.

Table 6 deserves some attention for three reasons. Firsestigformation about a specific
type of staff: that with higher education in science or tedyylIThis type of information is gathered
in both Latin American and European surveys. In the Uruuagase it has been collected in 1986,
2001 and 2003, even if with different methodologies. We posit that tisis positive feature of
Uruguayan surveys that should be maintained and impro\&econd, it depicts information for “not
having staff with S&T higher education training”. The imjpoit issue here is that “having” and “not
having” this type of staff is not symmetrical in substamtierms for the whole population of firms,
particularly regarding size but regarding sector too. The casieeofs particularly clear: a firm of 500
people does not need to have 25 S&T trained employees to beoahlesdrb and interact on
knowledge matters in a similar way than a firm of 20 pedpé tave one such employee: there is no
linear relationship between size and number of S&T traineesns tef capacity to relate usefully

%8 |t has also been collected in the latest innovesiurvey, 2006-2007.

% The 2001-2003 Uruguayan survey, for instancetaios a full block of questions related to the aduction of
information and communication technologies in theng. However, there are not questions concerniaged
personnel in ICTs at firm level. The impact, sofibaion and scope of ICTs depend to some extethemternal
capacities of the firms to interact with the pursdth hardware and software: without information alepecific
skills on ICTs, important differences are blurred énterpretation of data can be misleading.
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with knowledge. On the contrary, “not having” is a clear cuicimdr of a capacity that is missifiy.
An indicator of this type has been taken into account in remepirical work on small firms in
Denmark where it has been shown that a population of firitheut any university-trained employee
at time t exhibited a differentiated behaviour related to innowatt time t+1 depending on the hiring
or not of a first university trained employee: those firthat did hire a first university trained
employee exhibited a higher propensity to introduce innowatidtielsen, 2007)

Finally, this way of depicting information is useful fpolicy design. If the first university
trainee in a small or medium firm seems to be able to mak#esedice in terms of its ability to
interact with knowledge sources, then having a map of fisitteout such personnel allows for the
identification of what can be called a “knowledge-vulnerable” pafant of firms. Specific policies
for such population with special pro-active features can thelesigned and tried.

Table 7 shows the distribution of professionals in Waygn industry by type of knowledge
and activity within the firm: this type of information &so useful to have a better picture of the
relationship of industry with knowledge.

TABLE 7
PROFESSIONALS BY FIELD OF KNOWLEDGE AND TYPE OF ACT IVITY
(Uruguay, 2001-2003)

0,
Field of A;y([))feegfc " % of each type of % of each_ type % of each type of
K ; ) of professional -
nowledge (as professional professional ) professional not
5 ; ; engaged in other (1) + (2) : Total
asked in the in total engaged in R&D innovation engaged in any
survey) professional activities (1) activities (2) innovative activity
staff
Exact sciences
ysics an . . . . .
(physi d 17.0 29.5 50.1 79.6 20.4 100

chemistry)

Exact sciences
(mathematics 4.3 6.1 14.4 20.5 79.5 100
and statistics)

Natural

sciences

(biology, 11 21.2 42.4 65.6 36.4 100
biochemistry,

biophysics)

Medical

: 5.8 51 11.4 16.6 83.4 100
sciences

Technology
(engineering
and
architecture)

Agrarian
sciences

27.4 20.3 45.1 65.4 34.6 100

11.8 17.8 28.6 46.5 53.5 100

Social sciences 28.5 3.0 10.3 13.3 86.7 100

Humanities 4.1 0 4.8 4.8 95.2 100
Source: Own elaboration.

% The importance given to this type of staff doesimply diminishing the importance of very differtetypes of
knowledge within the firm, from the knowledge abdoing gained by experience, to the formal knowéedf
people trained in diverse branches of the sociahses when they work in organizational issues.
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We will not undertake a thorough analysis of this tablé,niake brief comments related to
the fields of knowledge with high scores in the columnd®&ach type of professional not engaged in
any innovative activity”, mathematics and statistics, medical scieaoeml sciences and humanities.
In the first case, it can be inferred that this type of peif@sls is engaged mainly in production and
management; in the second case, such professionals are mainltchipedform certification of
personnel on leave for health reasons. The case of social sciendegraardties is more difficult to
tackle. They could have been associated to “soft” innovationspridytone third of firms declared
having performed innovation in organizational change and relsdads, which may explain the very
low attachment of such professionals to innovative activifibge main explanation seems to stem,
then, from a general trend of the labor market present in Katiarica during the so called neo-
liberal reforms: “Firms have used educational and skills letelselect personnel not so much
because they needed workers with higher schooling as because tileuadance of workers allows
them to be more selective in hiring” (Reygadas, 2006: 137).

Uruguayan industry concentrates in traditional sectors foodhewverage, clothing and textile,
basic chemical products. Industrial exports concentrate in sexidrsub-sectors mainly based on
static comparative advantages, particularly the good endowmeatwhhresources for agriculture,
forestry and husbandry, favoring the competitiveness ofiagigstries. Exports with middle or high
value-added are a small portion of total exports. The ovellts stemming from innovation surveys
are, thus, not surprising. Uruguayan industry does @wtodistrate homogeneous behaviour regarding
innovation. The careful understanding of heterogeneity andidéetification of the roots of
differentiated innovative behaviour among firms is importanpolicy purposes.

Working with micro data from the 2003 IAS, BianchidaGras (2006) conducted an exercise
with the aim of clustering firms around a set of relegeristics related to the “cognitive base” of its
innovative behaviour. For this exercise, “innovationvés” include R&D, design, quality control and
engineering. With such aim in mind, a set of 20alzlés were defined, associated with three features:

The internal capabilities of the firm, understood as the chiiebof its personnel to identify
and solve production problems through generating and agpkmowledge. Eight variables were
included in this feature, all of them taken as a percentage of eaeletehiatic in total employmefit.

The links that the firm maintains with its environmenutalertake innovative activities. Four
variables enter here, all of them giving account of the numbagefits of the National Innovation
System with whom the firm established linkages for difficttype of activitie§?

The firm’s innovation experience, understood as the firméxifip learning trajectory. As a
proxy to this feature a series of items were selected, exprassepgercentage of the investment made
on them over total sales or as a percentage of sales of notretfrover total salés.

1 The variables used as a proxy indicatoririérnal capabilities of the firmwere (in % of total employees):

(1) personnel receiving training; (2) personnel kilmy on innovation in formal units; (3) personnebrking on
innovation informally; (4) technicians employed) (TS professionals working on R&D; (6) TTS professils
working on other innovation activities; (7) TTS fassionals; (8) no-TTS professionals.

The variables used as a proxy indicatortted links that the firm maintains with its enviroemh to undertake
innovative activitiesvere number of agents of the NIS with whom the firmabsshed linkages for: (9) R&D
activities; (10) other innovation activities; (1ttdining activity; (12) financing

The variables used as a proxy indicatofimfi's innovation experiencerere % of different types of investments in
total sales: (13) capital goods; (14) technologpdfer; (15) design; 16 management improvemerit¥;iftestment in
training; (18) R&D; (19) computing. The last valiah(20), refers to sales of novel products oal tedles.
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TABLE 8
INNOVATIVE BEHAVIOR PATTERNS IN THE URUGUAYAN MANUF ACTURING INDUSTRY
Definition of the pattern % of case$
Low or null innovative intensity 73.4

Innovation based on exogenous knowledge
(Mainly through purchasing capital goods).
Innovation based on the endogenous competencke &frn. 7.1

Source: Adapted from: Bianchi and Gras 2006.
& 5.8% of the cases could not be analyzed basea imtlitivariate analysis.

13.7

Based on these variab®sand performing first a multivariate analysis process —ejpid
component analysis, followed by a cluster analysis— three pattérimnovative behaviour in the
Uruguayan manufacturing industry are proposed. In termsi@ivledge for innovation, one of such
patterns, covering almost three quarters of all firms, is g ‘weak demander”; the second one can be
sketched as a “buy” pattern and the third as a “make” pattern.

The first pattern, characterized by low or null innovativensity, includes 83% of firms that
did not engage in any innovation activity. The remaining If%irms exhibiting this pattern did
declare having carried out some innovative activity, and giveat, ahmost all firms declaring
innovative activities declared as also declared having been sucdedstabducing innovations. We
have here a “data mismatch”: 34.6% of firms counted as innoviayivihe survey belongs to the
pattern of low or null innovative intensify.

The second pattern identifies firms whose innovative processdsased on the incorporation
of exogenous knowledge. The innovation activities of thesesfiare basically oriented towards
investments in hardware, software and capital goods. Botlirsharid the second pattern exhibit as a
characteristically low number of firms with engineers or sfieally trained personnel.

The firms characterized by the third pattern exhibit a highepgtion that have TTS
personnel as well as stronger linkages with agents of the H8y are a fair minority in the
Uruguayan industrial landscape.

To explore the usefulness of the clustering of firms ardbede patterns and, moreover, to
evaluate to what extent these clusters give account for what weebekeante should happen, we
analyze the behaviour of the three groups of firms in relatacooperation, understood as links with
NIS agents quite broadly defined. This is done in twosstEpst, as shown in Table 9, cooperation is
taken as a broad concept; second, as shown in Table 10, coopiratiken in a more detailed way.
In both cases each pattern behaves as it is reasonable to exmrdtlitthe low intensity pattern has
very little cooperation, diminishing as the type of coopemnaiiomore knowledge intensive, and the
endogenous innovative pattern has relatively high coopeiatioomparison to the other patterns, the
difference widening as the type of cooperation is more knowledigesive.

54 Four other variables were added to characteriedits: size (number of employees); foreign cdpjteoportion

of exports on total sales and apparent product{gi@jes/employees).
The mismatch for firms that declare being techgially innovative in product and processes arly slightly
smaller: 33.9% of them belong to the first patteftow or null innovative intensity.

65
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TABLE 9
INNOVATIVE BEHAVIOR PATTERNS AND LINKS W ITH NIS AGENTS*
(% of firms)

Innovation based on Innovation based on the

Links with NSI Low or null
AT . L . exogenous endogenous Total
institutions innovative intensity knowledge competences of the firm
No 42.46 22.00 8.78 36.96
Yes 57.54 78.00 91.22 63.04
100.00 100.00 100.00 100.00

Source: Adapted from Bianchi and Gras, 2006.

* NIS agents include universities, technologicahtees, technical training institutes, laboratories,
technological-related units, financial bodies, digop, customers, related enterprises, other ense
consultants, S&T government agencies and the fihe&lquarters.

TABLE 10
INNOVATIVE BEHAVIOR PATTERNS AND DETAILED LINKS WIT  H NIS AGENTS
(in % of firms)

Innovation Innovation
Low or null based on
- . based on
innovative exogenous endogenous Total
intensity knowledge competgnce of
the firm
No links 98.59 93.25 67.80 95.51
Links for R&D Links with one institution 1.41 2.50 17.56 2.77
Links with more than one
institution 0.00 4.25 14.63 1.72
No links 70.40 42.50 27.18 63.08
Links for other Links with one institution 16.58 9.50 12.14 15.21
innovation activities* | iy with more than one
institution 13.02 48.00 60.68 21.71
No links 90.91 51.88 51.96 82.32
. - Links with one institution 6.00 24.06 23.04 9.90
Links for training
Links with more than one
institution 3.09 24.06 25.00 7.78
No links 78.37 71.93 67.80 76.64
Links for financing Links with one institution 16.15 22.81 14.63 17.01
Links with more than one
institution 5.48 5.26 17.56 6.35

Source: Adapted from: Bianchi and Gras 2006.
Other innovation activities include organizationhbnge; testing; technical support; and design.

The consistence of these patterns underline the seriousndss abdve mentioned “data
mismatch”, by which one third of all supposedly innovatfirms should not have been considered
thus. Before sketching an explanation, it is worth presgrtitast piece of data stemming from the
IAS 2003 survey. How many of the firms declaring perfogniR&D did not have any TTS
employee? The figure is high indeed: 54.5%. It is compglithen, to criticize the data, trying to
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understand how it can be that almost one third of all folearing being innovative are in fact not
innovative, and more than half of the firms declaring perfogniR&D have not a single employee
with some training at university level in sciences or engingé?i

The problem lies with the concepts used and with the queatiresnutilized. We are not
alone in criticizing the concepts used in innovation survBggerring to the European innovation
surveys and its estimation of innovative firms, it wasently said: “...these estimates are usually
based on a very broad definition of what constitutes innmvativhich includes both intensive in-
house R&D to develop a new for the market product or processrammal effort to introduce
manufacturing equipment purchased from a supplier. Such a befition of innovation is both
misleading in international comparisons and also fails t@igeoa clear picture of the structure of
innovation capabilities within individual countries” (Arunaglal, 2006: 13). If this is true for Europe,
it is even more so in reference to a developing country. In @wcimtext, both concepts and the way
of making questions need to be carefully revisited to obtaaningful results. Elsewhere (Sutz,
2006) some of these issues have been discussed. It is ecatling here that firms that declare being
innovative while they are not, can do that not only becausecdhcept of innovation is not well
understood as it is described, but because they want to benseéetter light. Innovation is a value
added concept: to innovating is good and not innovatimgtigood, and so answers to this question
should not be taken at face value. This suggests that innowaiiseys should be prepared with the
assistance of sociologists and political scientists with ¢éigpen phrasing questions and introducing
control questions to assess the correspondence of answergjtetions asked.

The suggestion is more demanding. The very compremeatinnovation as a complex social
process leads to revisiting the articulation betwdw®n theory of innovation, particularly “political
economy” theories of innovation, and the tools desijto measure innovation. Such approach, focusing
in developing countries, can be found in Cassiathtal, 2003. A proposal in this direction, centered in
developed countries, has been made recently, sigefizat competence building and organizational
change aimed at promoting creativity at work are nfedttures of an innovative firm. Empirical work
has been done, showing that firms that combined medes of learning, one more biased towards
science and the other more biased towards experfappeoached by organizational practices such as
‘interdisciplinary workgroups’ and ‘integration of fations’ together with ‘closer interaction with
customers’) have a much better innovative performanaefirms concentrated in only one mode of
learning. (Jensen et al, 2007) There is a long toamw in fine-tuning the theory of innovation are t
way we measure innovation, particularly so in deviappountries.

Coming back to other puzzling feature of the Uruguayan iat@mv survey, namely that
almost all firms declaring innovative activities were successfuhmovation, we present evidence
now of how this situation changes when a broader definitfoinnovation activity is allowed. The
evidence stem from a case study of more than 50 Uruguayan firossly small firms, concentrated
in an industrial park housed in the premises of an oldautdof use slaughter (Technology and
Industrial Park Cerro). (Bendelman, 2007) The questionnzied for analyzing innovative activities
added to the classical definitions the following one: “Recgctifmachinery. This mean recycling or
adaptation of machinery and devices, old or advanced, specificedigtatl to the introduction of
changes, betterments and/or innovations in products, procesgesizational techniques and/or
commercialization”. The results obtained are net, even if notisimgfor anyone acquainted with the
industrial reality of countries in which innovation is foemed in scarcity conditions (Srinivas and

% We are not implying here that innovation requirecessarily TTS personnel. But in any “common &&ns
understanding of what R&D means (moreover if weettlle Frascatti definition of R&D) the conceptiitked to
scientifically trained people. If more than half thie population of firms that declare performing R&oes not
have scientifically trained people, it is legitimab wonder if this data is comparable in any sdasiense with
that of other surveys were the understanding ot W&D means can be more strict.
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Sutz, 2008): the proportion of firms indicating this wtyiis slightly higher than the most mentioned
activity in the Industrial Survey, which was purchase of ehgitods. (Bendelman, 2007)

Table 11 shows how the difference between firms undertakingvative activities and
innovative firms change dramatically when asking in the “officiafly and when asking in the
broader, more contextual way.

TABLE 11
DIFFERENCES BETWEEN FIRMS PERFORMING INNOVATIVE ACT IVITIES AND
INNOVATIVE FIRMS IN VARIOUS INNOVATION SURVEYS INU RUGUAY
(% of total firms)

% of firms performing innovative % of innovative firms

activities

Technology and Industrial Park Cerro 81 27
National Innovation Survey

32 32
1998-2000
National Innovation Survey

36 34
2001-2003

Source: Based on Bendelman, 2007.

The result for the Technology and Industrial Park Cermmose in tune with what intuition
suggests that the difference between efforts to innovate and sata®essvating should be significant
in a developing country. In any case, with all due cautiongthesults back the claim that what is
asked and how it is asked around industrial innovatioeaat in Uruguay, needs revisi6h.

Regarding the overall picture on innovation that cargéthered linking the different exercises
made with the sources of information available, it b& determined that knowledgeable people and
what they know at firm level is key for cooperation. &mgineer talks to another engineer, in another
firm, at the university, at the technical regulatorglyzoa biochemist talks to other biochemists, and so
on. They share a specialized knowledge that allows theatognize each other in the first place, to set
a common agenda of exchanges in the second pladdinally to establish cooperation relationships.
We knew that beforehand, less from theory than froommon sense. However, the powerful
confirmation stemming from the econometric model satggthat digging further in this direction is of
value, not only because of the weight of skillssash but because several of the variables strongly
related to the likelihood to cooperate can be seefskill-related”. The Figure 1 tries to capture the
picture that comes out when some of the differgat@ses made are linked.

57 The need for revision is not only centered arocmtcepts and ways of asking; revision is neededdaoachieving
a better articulation between different surveysational level, liberating innovation surveys frahe burden of
asking questions that have been already asked lesewSee Baptista 2003 for a critique of this eispe the
Uruguayan case.
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FIGURE 1
RELATIONSHIPS BETWEEN INNOVATION PATTERNS
AND COOPERATION LIKELIHOOD
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Source: Own elaboration.

The descriptive statistics, the econometric model, the clustersamalye case study and the
general knowledge about the Uruguayan economy, help to fornguiastions to data from different
perspectives, making that way the best possible use of thehwsalhformation that innovation
surveys usually convey. They help too to realize which toquressthat appear as important are not
answerable due to weaknesses in the way innovation surveysnamveal, which helps to advocate
for changes in such conceptions.

4. A survey example to take into account

We will take the European Commission Flash Eurobarometef 280an example for two main
reasons: the type of questions included and the factorial analgsle, leading to a taxonomy that can
be compared with the one presented in this paper. The methpddithe Eurbarometer survey is
different in various respects from the classical innovationeys, but there is no reason why several
of the questions asked in the former cannot be includea ifatier.

Flash Eurobarometer (FE) is particularly useful as an exampéke into account because it
gives high importance to co-operation and to the knowledgea&dlelepin the firms, the cognitive
background of such people and the willingness of firmite more people of this kind as an
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innovation strateg$? “The human dimension is a key element for companies inveistiimpovation
activities. At this stage of our analysis, we will focus the hiring of new university graduates
specifically in support of innovation activities” (FE, 20@R). The analysis of the last point stems
from the following question: “In the last two years, irppgart of your innovation activities, did your
firm hire one or more new university graduates from thieviehg countries?” The alternatives were
own country, other EU member countries, USA and othertdesnAround one third of the firms in
countries at EU 25 level had hired a new university graduatetfreir own country?

The typology of firms developed by FE applying a factoaiablysis to 11 variables taken
from the questionnaire led to 5 categories or patterns:

1. “small, local, static” (30% of the sample): “do rnovest in efforts to support (innovation)
activity through hiring new graduates, trainingitrgtaff or participating in an innovation
network.”

2. “local dynamic” (13% of the sample) “can be considered to be inevatVhen it
comes to supporting their innovative activities, this grimgks to experts for advice on
innovation, they hire new national graduates, train theiropeed and participate in an
innovation network.”

3. “exporting, non-innovative” (24% of the sample) “are equalgctive in terms of efforts
to support innovation activities including engaging thevises of experts in the matter,
hiring new graduates and training staff.”

4. *“successful, innovative” (20% of the sample) “Thiouyw of companies shines in all
aspects of the innovative process and support ¢hilgtg through the requesting of advice
from experts as well as hiring new graduates fromergities at home and abroad.”

5. *“secure, public sector clients” (13% of the sample) “Their disisigng characteristic is
that they sell to a number of government agencies”.

Patterns 2 and 4 have successfully introduced new producteanprocesses clearly above
of the rest. These two groups are also distinguished g bell above in giving a positive answer to
the following questions: Carry out in-house research; 1r@onbut research; Sales outside the EU;
Advice services obtained; Hire new graduates from country; Reatiicin innovation networké’

It is interesting to note that three out of these six questcan be considered related to co-
operation for innovation: contracting out research, obtaisieiyices advice and participating in
innovation networks. The linkages between innovative behasiwdi(i) co-operation, (ii) endogenous
knowledge efforts and (iii) concern about the “absorptive capdcifethe firm understood as the
knowledgeable people the firms incorporates, can be considered.dtravould have been possible to
argue the other way around: co-operation for innovation dhioellundertaken more by those firms
which weakness in terms of internal knowledge push them yoorekexternal support. However, as
common sense indicates and literature underlines (Cohen andhadvit290), recognizing the need
for knowledge, and finding ways for satisfying such neadh, hardly be accomplished without some
internal strength in terms of knowledge.

% Regarding intellectual propriety protection, tibne of the features of interest for ECLAC's g@mative analysis,
Flash Eurobarometer states: “Only a small minarftinnovative enterprises in the EU have taken mmessto protect
their intellectual property through patenting a& tkgistration of international trademarks” (FEQ2(12)

% This information, combined with the results oé thuestion around outsourcing R&D from universjtisggests
that the two strategies can be alternatives forstdmae aim: get acquainted with fresh knowledgelaRrd) that
shows the highest proportion of firms outsourcir&Ro universities (51%) has the lowest rate of naviversity
graduates hiring (8%); Sweden, with a much lowés of outsourcing R&D to universities (21%) has tighest
proportion of new university graduates hiring (48%)

0 The question is formulated as follows: “In thetlawo years, did your firm participate in an inaten network
including other firms, universities, or researcstitutes?”
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Other questions of interest in FE include the field of kedge of the new hired employees,
the degree of satisfaction with the qualification of such pewmatriculated university graduates, the
efforts aimed at training for better performing innovatiotise public support received for
“knowledge-related” activities and the opinion about the impodaof such support, in different
activities for the firm’'s performance. Table 12, where answesoime selected question along the
typology are shown, gives an idea of the kind of picturededwn skills, co-operation and public
support that could be possible and useful to obtain &inlAmerica. Table 13 presents an attempt to
reproduce as far as possible such exercise for the Uruguayan case.

TABLE 12
SELECTED INFORMATION FROM FLASH EUROBAROMETER N° 16 4
(% of firms of each type that answered yes)

3

1 2 4 5
Questions “small, local, “local exﬁg;t_mg, “successful, “secure, public
static” dynamic” . - innovative” sector clients”
innovative
Successfully mtrpduce new or significantly imprdve 60.5 845 741 88.4 75.8
products or services.
Carry out in-house research 33.2 74.6 50.4 70.9 51.4
Coqtract out research to other firms, universitiesesearch 6.4 26.8 11.3 46.1 17.2
institutes..
In the last two years, did you obtain public supfor R &
D within your firm or for R & D contracted out tater 6.4 14.1 10.2 28.5 12.3
organizations?
In the last two years, did you obtain advice sewifor your
innovation act|V|t‘|es e.g. .W'th busmgss plans, kear ) 5.9 63.4 15.3 451 26.1
research, patenting, finding innovation partnersdopting
new manufacturing technology?
In the last two years, in support of your innovatio
activities, did any of your staff attend formalitiag 46.2 90.1 54.9 73.7 65.5
courses?
In the last two years, did your firm participateaim
innovation network including other firms, universd, or 3.4 18.5 2.8 35.9 11.5
research institutes
Was public support in the last two years cruciadngy of
your innovation projects, such that the innovatiauld not
have been developed without the support? (for those 19.0 224 19.3 82.9 13.8
receiving public support)*
In the last two years, in support of your innovatio
activities, did your firm hire one or more new usisity 16.3 44.4 28.1 55.8 26.1
graduates from the following countries? Your coyntr
(for those that answered yes to the question dfiong new graduates)
In which of the following fields did one or more ibfese new employees have degrees in ?
Engineering 40.0 41.4 49.7 45.9 43.7
Sciences 10.5 14.4 14.7 32.2 16.7
Economics or business administration 45.2 50.5 42.9 37.4 35.3
How satisfied were you with the level of qualifiats of
the graduates you hired? Satisfied 87.3 91.9 89.2 88.6 86.8
In the last two years, did you receive a publicssagpto hire 3.6 108 6.7 11.0 12.7

new university graduates?

Source: Own elaboration.

Note: Referring to this question, Antony Arundetigates that from the 8 activities between whichckmose for
acknowledging public support, the first rated wadlaboration and the second programs to supporéarek.
(Arundel; 2006).
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TABLE 13
INNOVATIVE BEHAVIOR PATTERNS IN THE URUGUAYAN MANUF ACTURING INDUSTRY
BY SEVERAL CHARACTERISTICS OF INTEREST
(Plus comparison with Type for FE)

. Innovation based on
Innovation based

Low or null innovative endogenous Total in Type 4
. . on exogenous
intensity competence of the  each row for FE
knowledge i
irm
All sample 73.4 13.7 7.1 100
For Innovative TPP
. 33.9 43.6 225
Innovative TPP 100 88.4
(13.0% (89.0) (89.8)
8.8 55.3 35.9
Internal R&D 100 70.9
(10.5) (51.1) (64.1)
Public support for 66.7 33.3 100
innovation(only 3 0.0 ) ) 28.5
innovative TPP firms) (0.6) (0.5)
Links for R&D with S&T 2.6 30.3 67.1 100
institutions 0.7) (6.5) (27.7)
Links for R&D with other 0.0 13.8 86.2 100
firms (1.2) (13.6)
24.8 39.3 35.9
With professionals 100
(33.9) (41.8) (73.2)
) ) 19.6 30.0 50.4 100
With STT professionals
(18.4) (21.9) (70.8)

Obstacle for innovate with
high rating: scarcity of 185 56.7 24.8 100
qualified personnel

Source: Own elaboration based on IAS 2003.

& Indicates the proportion of firms in each pattérat have the characteristic indicated in the row.

This serves as an example of an approach to asking about ionottait places issues
associated to how firms relate to knowledge at the center bipggetdvice, hiring new graduates,
training their staff formally, and networking. There areeotkypes of innovation-related surveys
where the accent is placed on organizational forms, particularlyelation to work and the
deployment of creativity. It is time to explore these approathkdtin America as well.

5. Ideas for the future based on the main results

We will summarize the main results of the paper following libgical steps in our analysis. We
proposed, as a point of departure, that cooperation fovation may be understood as a knowledge
exchange. This implies that it is a process mainly driverebyple through interaction, which involves
a good deal of tacit knowledge. In this sense, it is képoav who knows and does what in the firms.

Following this approach, we highlighted why some aspecthefinnovation surveys are
unsatisfactory for analyzing the cooperation activities of firfifeese aspects are related to (i) the
ways of taking into account and of analyzing “absorptive capdcdiss (ii) the ways of asking for
innovation and for R&D activities. Arguably, however, thain unsatisfactory aspect relates to the
usefulness of innovation surveys for STI policy design.

We analyzed the absorptive capacities of the firms by inquiving knows and does what,
using the available data in the IAS 2003 and in other inrmvatatabases for the inquiry. The best
available proxies for that aim are (i) the presence of professigm#he firms’ staff and (ii) the kind
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of professionals that are hired by the firms. Based oneatried to answer several questions using
different methods for “interrogating” data. We applied an econamewdel, multivariate analysis as
well as a thorough revision of descriptive results. Adddlty, we checked our results with other
international sources.

The convergent results were as follows:

(i) The proportion of professionals in R&D in total numbédremployees is the most
important variable explaining the probability of a firm ceming on R&D, particularly
to with S&T institutions (econometric model);

(i) Descriptive analyses show that having knowledgeable people disaté® clearly
between firms that cooperate for innovation and are involverklatively complex
innovation tasks and those that do not;

TABLE 14
COMPARING FIRMS’ BEHAVIOR WITH AND WITHOUT PROFESSI ONALS
More than 60% of firms that do have professionals ordvthan 60% of firms that do not have profess®nal
Spend on R&D Do not spend on R&D
Perform R&D Do not perform R&D
Cooperate for R&D Do not cooperate for R&D with S&T institutions
Cooperate for R&D with S&T institutions Do not cooperate for R&D with other firms

Cooperate for R&D with other firms
Cooperate for training

Source: Own elaboration from IAS 2003.

Principal component analysis, followed by a cluster anallesgl to three groups of firms:
the group that cooperate the most for innovation is the tieeenthe density of STT staff is higher;

The comparisons that are possible to make between the Uruguagsative firms and the
European ones (FE), show two key similarities (see agaile T8p; however, the difference in public
support for innovation is striking. This aspect is a clemult of the different weights that public
support for innovation counts on in the UE and in Uaygu

The exercise, allows for getting a better grasp the linfitshat we can do with the data at
hand, that is, with the data collected through actual innovatioveys. In this sense, our questions
outweigh the answers we got as far.

We need to be better acquainted with the universe of innovatime by taking into account
innovative activities in very diverse forms and by makinge shat the answers are accurate. In order
to achieve this, it is necessary not to treat innovation aseavllue concept; a multidisciplinary
approach is needed in order to build more perceptive questiesnair

Given that cooperative behaviour for innovation is posiivaksociated with having
university trained employees, we need to improve the way talaskt who knows what and do what
at firm level in order to assess present and future cooperatiaiour. In this sense, we highlight the
relevance of knowing the opportunities that people have to adpely knowledge. We suggest that
new questions about organizational topics are important ier aoedunderstand what kinds of tasks
undertake the technicians and professionals.

In terms not of data gathering but of analysishef tlata, it is particularly important to look
carefully into the “knowledge weak” actors, thosgéhwbad prospects of innovative and cooperative
behaviour.

117



ECLAC - Project Documents collection National inaten surveys in Latin America: empirical eviderag®l policy implications

Importance should be placed on innovation surveys forypplicposes for policy design. In
countries like Uruguay, the “scarcity context” reinforces the relevahiteproving innovation survey
as tools for innovation policy design. However, it seerasnbwhere is this goal easy to achieve.

Arundel (2006) indicates that for Europe, one of the reagdry innovation surveys are not
used by policy makers is that they are designed at armdil&ngt the innovation policy community.
In a paper suggestively entitled “Innovation policy in thewledge-based economy - Can theory
guide policy making?” innovation survey approaches are critid@edot being sufficiently oriented
by evolutionary theories. (Nyholm et al, 2001) In Latiméica, we can add that the comparative
imperative has overshadowed the need for context dependent irgliederto say meaningful things
about the reality they are trying to capture. Moreover, beywsaiutionary theory, a truly holistic
development theory is needed to better understand how the repewed of knowledge re-shapes
social relations and productive structures.

There is a point of unfairness, however, in reclaiming innowasurveys to follow too
closely what policy makers may think they need to know: &icelevel of autonomy in the design is
not as much a researcher’s right as it is a necessary widersagpud. Perhaps a better approach is to
ask what the realms where innovation policy can really make exeliffe are and devise indicators to
better know how firms behave in relation to such issues andliey value them. A good example is
co-operation, because it is critically important and becausa fietd where significant improvements
in the ambience where actors interact and take decisions can be ingupedicy action. If co-
operation is a main focus of attention, the issue of whopesates with whom follows as a
fundamental concern. Knowledgeable people in the organization lgahgeable at all levels and
types of knowledge) appear as a main piece of the needed informfatiowed by a detailed
description of what they know today, key to understandioily the scope of what they can absorb
today and what they can arrive to know tomorrow. Interactisitt research and academic
institutions are important to fine-tuning life-long learg associated with changing demands in the
productive sector, so questions about how they are deplogettidhe devised. Following this type of
reasoning can continue until an almost full-fledged innovadioney questionnaire is developed. The
suggestion here is not to put innovation surveys ug-gd@vn and exclusively take these factors into
account, but to assure that some room is made to integrate them.

The task is not easy. Almost forty years ago, Amilcar Hereeveell known thinker in Latin
America development for his thinking on science and techngioliyy, undertook the task of turning
the model used by the report to the Club of Rome “The liafitrowth” upside down. Along with his
team at Fundacion Bariloche, in Argentina, he built what cante tthown as the “counter world-
model Bariloche”. The statistical tools were not the problent, rather the equations used and
moreover, the assumptions that were behind the equatiorgathiered a truly interdisciplinary team
to face such challenge. At almost the same time, Christophen&nestrongly criticizes the Club of
Rome report, accusing it of “computational fetishism” (Freerhii3, reprinted 1977: 85), along the
same lines as Herrera did. Freeman makes there a strong pleardisaiplinary work, particularly
to understand the role of science and technology in social chidjther sociologists, economists,
nor political scientists have satisfactory theories of sathange and it is unlikely that they will
develop them unless they overcome their fragmentation intosdegeaalously guarded kingdoms and
learn to cooperate with one another and with natural scientistdbid: 84). We posit that
everywhere, but particularly in developing countries, Freesneatommendation should be seriously
taken into account. The next generation of innovation sursieysid then be the result of cooperative
efforts between different people, knowing different thingsaitithg to help change to happen.
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Annex

Definition of the variables of the econometric mode |

- Dependent variable: cooperation for R&D

(1) Cooperate with any organization for R&D: Dummy variabiat takes the value 1 if the
firm had at least one linkage in order to develop R&D activitigh S&T institutions or with other
firms or with firms within their group, and 0 othereis

(2) Cooperate for R&D with S&T institutions (universti laboratories and other
technological units, technological linkage units, technical tgiimstitutes, consultants and experts):
Dummy variable that takes the value 1 if the firm had at least limkage with any of those
institutions in order to develop R&D activities, and Oeothise.

(3) Cooperate for R&D with other firms: Dummy variable ttekes the value 1 if the firm
had at least one linkage in order to develop R&D activitigh wiistomers, suppliers or other firms
outside their group (vertical cooperation). The variable takes abtherwise.

(4) Cooperate for R&D with firms within their group: Buny variable that takes the value 1
if the firm had at least one linkage in order to develop R&[vities with headquarters and other
firms related to the group. The variable takes value 0 otherwise.

- Independent variables
Skills: Proportion of professionals in R&D in totalmber of employees

Technological Opportunities: Sum of the scoresygdartance given to the following information
sources for TPP innovation processes: professgamdierences, scientific data bases and, Inte®ebres
between 0 (not used) and 3 (high). Re-scaled bat@/¢eot used or irrelevant)and 1 (high).

Foreign Capital: Dummy variable that takes the value 1 if ittne ias more than 10% of
foreign capital, and 0 otherwise.

Novelty of innovation: Dummy variable that takes the valud thé firm has obtained
innovative results novel for the market (local, regional terimational). It takes the value O if the firm
obtained results novel only for the firm.

Public Support for innovation: Dummy variable that takkeswvalue 1 if the firm has received
public financial support for innovation activities, and Bewtvise.

Lack of access to finance: Dummy variable that takes the valueh# firm assigns high
importance as an obstacle to the innovation process to the laskitdbility of financial resources,
and O otherwise.

Lack of access to information on markets: Dummy variable thatsttie value 1 if the firm
assigns high importance as an obstacle to the innovation prézethe lack of availability of
information about markets and O otherwise.

Lack of access to inform on technology: Dummy variable that tdiesalue 1 if the firm
assigns high importance as an obstacle to the innovation prézethe lack of availability of
information about technologies, and 0 otherwise.

Lack of qualified personnel: Dummy variable that takes the vallieh® firm assigns high
importance as an obstacle to the innovation process to theflgaklidied personnel, and 0 otherwise.

R&D Intensity: Proportion of R&D expenditure in 2003w turnover in 2003.
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Legal Protection: Dummy variable that takes the value 1 if tme &sks and/or obtains
patents in Uruguay or in the rest of the world.

Size: Number of employees.

Industry level cooperation: Mean of cooperative firms at secival. (Food, beverages and
tobacco; Textiles and garments; Shoes and leather products;afdgaper; Edition and impression;
Oil and derivatives; Chemistry; Pharmaceutical products; Netaltic minerals and basic metals;
Metallic products; Machinery and equipment; Electrical machinery eqdipment; Transport
material; Other manufactures (non specified)).
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VII. Innovation and cooperation in Latin America:
Evidence from National Innovation Surveys
In a comparative perspective

Annalisa Primi "t

Sebastian Rovira "

Abstract

This paper analyzes the determinants of cooperation for innovatithe manufacturing industry in
five Latin American Countries (Argentina, Brazil Chile, Mexiaod Uruguay) from a comparative
perspective. An analysis by type of partner is includederdifitiating between: a) cooperation with
(S&T) scientific and technological infrastructure, such asemities and other research centers; b)
cooperation with other firms, including cooperation witlpgiers, clients and other institutions that
are not part of the group, and c) cooperation with firmte@fgroup. In Latin America, on average, the
percentage of firms engaged in cooperative activities for innaoviioesidual, ranging from 5.7% of
total firms in Chile to 13.9% in Argentina. In Chile,&il and Mexico, innovative firms tend to
cooperate more with other firms (client and/or supplierd)erathan with science and technology
institutes or other firms of the group. In Argentina &frdguay, the preferred partners of innovative
firms are, on the contrary, the S&T research centers and fimstiuIn terms of capital ownership,
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foreign firms cooperate more than domestic ones. As for sggerfirms show a higher propensity
to cooperation with respect to small ones. The paper highlitfig difficulties in comparability

between the different surveys and calls for improving the caabpiéy of data across countries,
developing surveys which allow tracking the dynamic changethénbehaviour of firms, and

matching firm-level analysis with case studies. The advantaganoiation surveys is to show
differences in the behaviour of a heterogeneous set of agentslen t help policy makers

understanding the type of reality in which policies are gainge implemented. How to do it is an
open and urgent question that will require a collective effothé region between experts, policy
makers and national statistical offices.

1. Introduction

The rise of new technological paradigms such as biotech and narintezehsed the need for
organizing the innovation process in a more horizontal astbsyc way considering that industrial
application and scientific discoveries in those areas usually @tcilve margin between different
scientific and production sectors, thus requiring collabmrand interaction between different agents
and diverse competences (namely, firms, academic institutior3, | &#s).

Globalization, multiplied the set of potential partners fumovators, which as a result of
information and communication technologies are also more eaathable. However, the complexity
for screening potential partners and for managing collabonaiagonships with geographically and
culturally distant partners is on the rise. In the case ahl&merica, and developing countries in
general, the impact of globalization on collaborative and operoagipes to innovation is mixed. On
the one hand, globalisation broadens the sets of partners facditates collaboration with foreign,
usually more technologically advanced partners. On the other glabdlization, if not matched with
public and private efforts to strengthen or build domesticalodipes in given production and
scientific areas, will not induce per se increased collaboratiofinangative performance, but could
simply amplify the gap between advanced and lagging produadjents.

Actually, in Latin America the management of globalization andsthectural reforms of the
late 80s had truncating and often disruptive effects on teepses of accumulation of endogenous
scientific and technological capabilities, thus undermining titential positive effect of increased
opportunities for collaboration of global economies. The opsnomy setting, the renewed role of
innovation as an engine of growth after the financial crisisthe new forms of innovation increase
the complexity of the architecture of collaborative arrangementmif@vation, calling for a deeper
understanding of the mechanisms and the relevance of collabof@tiaomovation and on which
policies can be implemented to support it.

The innovation policy debate in Latin America focused public-private partnership for
innovation and on measures supporting the interabitnween science and business for innovation, as
well as on mechanisms favouring the establishmediffefrent forms of interaction between the agents
of the innovation system (science parks, researckoctim, collaborative research programs, etc.), since
the end of the 90s. In the post Washington consepstiod, policies supporting innovation shifted
towards a more “public-private partnership modeliforovation”, privileging the support of networks
and collaboration in the array of policy tools totéwsinnovation. However, in many cases, policies
seemed to frame the debate from a simplified pdinti@w. Policies focused more on creating the
mechanisms to facilitate cooperation in R&D (sciepeaeks, technology transfer offices, etc.), rather
than supporting the creation of capabilities in shientific and the in the industrial sector to cay
R&D and to innovate. This fragility of innovatioroly in the region requires a more integrated
approach to policies for innovation which mixes dedand supply side polices.
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Recently, innovation policy became a topic of rising relevancthénagenda of several
countries in the region (ECLAC, 2008). The increasing atteribwards innovation as a domain of
action for public policy increases the demand for empirical evidenéenovative behaviour both for
policy design and follow up. The growing attention tovgattte measurement of innovation has been a
response to the need of increasing the understanding of thendgnof innovation and innovative
agents’ behaviour in Latin American countries in order tgstpthe design and implementation of
evidence-based and reality-tailored policies.

In this respect, there has been a growing interest towardshalatimovation surveys,
following the trend in more advanced countries in which a gr@wseries of studies analyzes
cooperation and innovation in the manufacturing sector on #msés bof innovation surveys
(Veuguelers and Cassiman, 1999; Arundel and Hollanders; RAQ&sen and Salter, 2005; Knell and
Srholec, 2005, among others). In fact, European countriesegied the effort of measuring
innovative conduct at the firm level. The CIS (Communityolvation Surveys) represent an almost
consolidated set of data and procedures for mapping innovataiour at the firm level. In the last
decade, recognizing that innovation surveys offer an integesgtia base for exploring innovative
conducts, a group of Latin American countries devoted sagmifiefforts to develop a methodology
for mapping and describing innovative behaviour at the fawel, in accordance, even though not
always in line, with the methodology followed by more adeahcountries. However, the process of
collecting those data in Latin America is recent, and it requakdation.

This paper represents the first effort to conduct a “cross4goustding” of national
innovation surveys in Latin America. It presents a comparatimalysis of the determinants of
collaborative innovation in 5 countries: Argentina, Braziljl&hexico and Uruguay. Clearly, there
are drawbacks in the comparative analysis, especially due to titbdaobt all the surveys follow a
similar methodology, and that there is an inter-countryaesp variation which might derive from
cultural or specific local conditions and attitudes. This paperfirst step in a longer-term effort of
building a system of indicators in the region to monimovation dynamics at the firm level in order
to improve innovation metrics in the region and to imprineecapacity of monitoring and evaluating
the implementation of innovation policies.

The first section briefly reviews the literature on innovatand cooperation, with specific
focus placed on studies based on national innovation suridyes second section presents an
overview of the peculiarities of innovation patterns in hgimerica; the third section presents the
empirical analysis of the determinants of cooperative behawoumniovation in the region. The
section includes an overview of innovation surveys in LatimeAca, it presents comparative
descriptive statistics and it shows the results of the prefiimation of the determinants of
cooperation for innovation in the Latin American manufactuimaiyistry. The forth section concludes
and presents the policy implications.

2. Cooperation and innovation, some introductory no tes

Firms are not monads in their search for innovation and témdinal opportunities. They rely on
multiple capabilities and sources for innovation generationaaghtion of novelty. The theoretical
and empirical literature shows that: (i) innovation arisesrwénterprises —which act by reason of
market mechanisms— and institutions —whose behaviour isndat by non-market incentives—
collaborate and interact; (ii) this collaboration is mediateshdayns, institutions and policies which
regulate and create incentives which shape cooperative behaviouhaardi) there is no optimal
collaborative strategy; in fact, some firms carry out in-hdR&®, others externalize R&D functions
and some others combine the two strategies. (Nelson and Wifig&#;, Freeman, 1982; Cimoli and
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Dosi, 1995 Schumpeter 1942; Rosenberg 1982; Kline and Baggnl986; Freeman, 1987; Dosi,
1988; Nelson and Winter, 1982; Nelson, 1993; Freeman aetd SL997).

Both innovation theory, managerial studies and empirical arabgsed on firm-level data
show that innovation is the result of a combinationeshhology push and demand pull forces, and
that different sectors and production activities require diffecembinations of scientific, technical
and managerial inputs for innovation (Nelson, 1959; D&Si88; Pisano and Verganti, 2008;
Cassiman and Veugelers, 2002).

Collaboration and relationship with external agehts/e always been crucial factors in
explaining innovative trajectories of firms, groupfioms and research centers. Recently, globalizatio
ICT and the emergence of new paradigms such as hiategly and nanotechnology transformed the
scenario in which collaborations take place tramsfiog cooperative behaviour into an increasingly
relevant and strategic feature of the innovation pscBse ICT revolution, increased connectivity and
new actors allow for more opportunities, but alsoifiereased difficulties in the governance and in the
selection of best options. Collaboration and extesoakrces of ideas matter, however the key issue is
“with whom to collaborate” for innovation and thrdugwhich channels” —open collaborations,
research consortia, formal or informal agreements;—e{Pisano and Verganti, 2008).

The body of literature on empirical evidence on calalive arrangements for innovation is
varied and it is capturing rising attention. Innasatsurveys offer interesting data sets to provide
insights on cooperative behaviour in innovation.c8imid 90s, several studies, mostly based on the
European Community Innovation Survey (CIS), analytreddeterminants of cooperative behaviour in
industrial innovation (Arora and Gambardella, 1984jombo and Gerrone, 1996; Veuguelers 1997;
Veuguelers and Cassiman, 1999; Hall, Link and S26@0; Belderbos et al., 2004; Knell and Srholec,
2005; Laursen and Salter, 2005). Firm size, thecaiyp appropriate returns form innovation (the use
of appropriability mechanisms), internal capaciiieR&D (i.e. absorptive capacity) and the importance
assigned to costs and risks as obstacles for inoovate among the factors that result, in general,
significant in determining the probability of firm® be engaged in R&D cooperation. Sectorial
specialization and differences in types of coopeanaticcording to the degree of novelty of innovation
and type of partners are also determining factotisdrdefinition of collaborative behaviour.

Existing studies focus on different aspects ofdagerminants of cooperative behaviour. For
example, Veuguelers and Cassiman (1999) analyzgettision to make or buy in innovation strategies.
In their analysis of the Belgian manufacturing sec¢hmy find that high costs and risks and low
appropriability affect firms’ cooperative behavio@mall firms are more likely to choose one strategy,
make or buy, while larger firms are more likely to ¢tome different strategies. Firms that identify
internal sources as relevant are more likely to hexautsourcing with the direct carrying out of R&D.

Belderbos et al. (2004) explore the determinants of diffayg@s of R&D cooperation for
Dutch innovative firms: bigger firms are more likely to beyaged in what they call “institutional
cooperation”, i.e. cooperation with universities and research kRbsorptive capacity, measured
through R&D intensity, the perception of innovation riskel costs as obstacles to innovation, and
being beneficiaries of R&D subsides are additional variableseinfling the likelihood of cooperating
with the scientific sector.

Abramovsky et al. (2005) analyze the determinants of R&D catiparin a group of
European countries (France, Germany, Spain and the UK) omsieeds the third CIS. The capacity
of firms to appropriate returns from innovation (the @safjappropriability mechanisms) positively
influences the probability of engaging in cooperative R&D. Réogipublic support also affects
R&D cooperation especially with the research base. Risks andafdstsovation are perceived as
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factors affecting the decision to cooperate, i.e. cooperation ca@elpeas a mechanism to overcome
those obstacles.

Laursen and Salter (2005) study the relevance of external sadiio@®vation using the UK
Innovation Survey and focus on the role of approprighitiechanisms in shaping firms’ openness in
R&D. According to their results, the relationship betweendhgree of openness to external sources
and the strength of the firms’ appropriability strategyetathe form of an inverted U shape, i.e. the
probability of a firm to be engaged in cooperative agreemetttsexiernal agents increases when the
firm makes use of appropriability mechanisms, but beyond aicethreshold an aggressive
appropriability strategy might reduce the willingness topesate with external sources.

Knell and Srholec (2005) stress the relevance of innovationdientries that are willing to
catch up. In their study on innovation cooperation in the ICR=public they find that international
cooperative agreements are relevant for the domestic economieyutiémonstrate that foreign
ownership does not imply knowledge spillovers to the lecahomy.

There is a lack of similar studies in Latin Ameritais paper collects the first efforts to analyze
cooperative behaviour in innovation in the regiordg an particular, explores the potentialities and the
limitations of carrying out comparative analysis oa ltasis of innovation surveys as they are structured
nowadays in the region.

Analyzing cooperative behaviour in Latin America, and in devalpgiconomies in general,
requires taking into account a set of features that are, obyjalierent from that of industrialized
countries. In general, firms in the countries of the regamk la technologically dynamic domestic
environment that stimulates their willingness to interacthatsame time, the prevalent technological
static behaviour of firms’ negatively influences the (innowgtidynamisms of the environment
engendering a sort of vicious circle.

In Latin America, enterprises do not innovate as much, teeiafzation pattern is oriented
towards low technology intensive sectors and the environngemoi so attractive in terms of
technological opportunities. Most of innovations are nowgelhe domestic market, but are already
available in foreign economies. At the same time, R&D is miaity for regional universities, nor
for firm’s which in general suffer from budget and humesources constraints. Even though islands
of excellence in R&D exist, research centers and firms are liteelgearch for international
cooperative agreements and projects, rather than domestic oned,(Eémaz, and Primi, 2009). In
this scenario, it is quite reasonable to expect scant collamliaks in the economies of the region.
In parallel terms, however, the countries have shifted towartsvation policy models that foster
collaboration and interaction between the agents of the innowatstam. Considering the relevance
of this topic in current public policy priorities it isorth exploring the collaborative behaviour of
firms in Latin America to increase our knowledge regardingntiero-behaviour of agents and to
support the process of design, implementation and foljpwf policies.

3. Innovation patterns in Latin American countries, an overview

Recently, innovation studies in Latin America, focused on aimyindustrial and technological
development at sectoral level, in the light of development andhiogtep theories (Reinhardt and
Peres, 2000; ECLAC, 2002; Cimoli, 2005). The countrieshe region show different production
structures and specialization patterns; however, they all lampddéh terms of technological and
production capabilities, with respect to frontier economieginLAmerican countries invest scant
resources in R&D and the propensity of the private sectovest in R&D is lower than that of most
advanced and industrialized economies. These trends, which ¢oediffextents apply to all the
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countries of the region, with the only exception of Brazike aeeply related with production

specialization, which is basically oriented towards natural resswand labor-intensive activities that
per se express a limited demand for knowledge, and with thef ggevailing incentives in open

economies (Cimoli, Ferraz and Primi, 2005: 2009; ECLA©®82Cimoli and Rovira, 2009).

In this context, cooperation and innovation have been analyzbd aggregate and sectoral
level, on the basis of innovation system and network asadysproach. How do innovation systems
perform in the region? To what extent universities and ficogperate? How do firms collaborate
with clients and suppliers in the organization of produéidhe literature on production, innovation
and networks in the countries of the region pointed the wesésdsa articulation and linkages
between firms, universities and public institutions, mathipugh aggregate studies (Cimoli, 2000;
Tigre, Cassiolato, De Souza, Szapiro, Ferraz, 2000).

Innovation surveys are a new experience in the countrieg aethon. Scholars have started
to explore those data only recently. Available analysis teffiocics on providing descriptive analysis
of innovation patterns (De Negri et al., 2005; Lopez andiQ#005; Viotti 2006) and on exploring
the determinants of innovative efforts and on the impachmdvation on productivity and export
performance (Benavente, 2002; 2005; Chudnovsky et al., 200@moto and Torero, 2004; Arza,
2005; Crespi and Patel, 2006).

For example, Chudnovsky, Lopez and Pupato (2006) use pateelfldm Argentinean
innovation surveys, for the period 1992-2001, to analywe determinants of innovation and the
impact on productivity. According to their estimates, oube R&D and technology acquisitions
increase the probability of firms to innovate. Innovativen§ are in general, more productive than
non-innovative ones. Big firms are more likely to engagenimovation activities and to obtain
positive results than smaller ones.

Benavente (2005) estimates the impact of R&D on ymrthdty in Chile, finding a positive
relationship. For each dollar received from publipport and assigned to R&D, productivity rises, on
average, by 5 dollars. In a cross-country comparativay, Crespi and Patel (2006) find a positive-non
linear relationship between competition and innovatiwhich varies according to industry specific
characteristics. According to their estimates, ogfitipn usually has a positive impact on innovation i
sectors like information technologies, energy andspace; while, for example, it could hamper
innovation in the case of food, chemicals, machirmeny textiles. When testing for technology gap, the
authors find that increasing competition may incrélaseate of innovation only in frontier countries.

National innovation surveys give further details on inniovaperformance. (i) On average,
less than 50% of sampled firms in each country qualify mevative. (ii) Bigger firms are more likely
to be innovative than smaller ones; however according to estirtfa relationship is not linear. There
is a threshold beyond which further increases in size redugedbability to innovate’ (ii) Firms
with higher internal R&D capacities (R&D expenditures andsq@enel) are more likely to be in the
innovative pool than those with less internal capabiliti@.linovative firms tend to concentrate in

™ This is coherent with findings of similar studiearried out in advanced economies. Using data i&8h some
authors find that there is a positive, non-linegationship between firm size and the probabilitybe innovative
(Crépon et al., 1998; Veuglers and Cassiman, 1888;L66f et al., 2001). The relationship betweem fsize and
innovative conduct is quite vast and controversitilis possible to find two different stances inetsame
Schumpeter (1912; 1942). According to Levin andsR€1L984) review, the relation between innovatiod firm
size is not conclusive, and although the econowiexale and scope may exists, they may be extthostg in
the medium-size firm.

128



ECLAC - Project Documents collection National inaten surveys in Latin America: empirical eviderag®l policy implications

traditionally more technology intensive sectors, such as phartiesuand chemical products,
electronics and transport equipment.

Those figures do not portray an optimistic scenario. LAtmerica is clearly not yet the
“place to be” for innovation and for establishing collaboratigetrership for innovation at least on
aggregate terms. However, there is high heterogeneity between third cguntries and innovation
surveys allow for monitoring firms’ behaviour with necdetail.

This study goes a step further with respect to existing sisaind uses micro data from
innovation surveys of five countries (Argentina, Bra@hile, Mexico and Uruguay) to analyze the
determinants of cooperation for innovation. Those five casgiccount for more than the 70% of
total regional manufacturing value added and for almost 80fégidnal R&D expenditure. In terms
of production specialization, in 2007 the manufacturing sextoounts for 21% of GDP in Argentina,
17% in Brazil, 14% in Chile, 19% in Mexico. and 17% inubuay. Those countries are mainly
exporters of natural resource based prodittsiatural resource based sectors account for a major
share in total manufacturing value added, 60% in Argentiné #3Brazil, 72% in Chile, 43% in
Mexico and 50% in Uruguay. Labor-intensive activities accdantl6% of total value added in
Mexico, 17% in Brazil and Chile, 23% in Argentina and 30%dUruguay. Technology intensive
sectors represent 40% of manufacturing value added in Brazil,idMexico, 17% in Argentina,
11% in Chile and 9% in Uruguay’ In terms of R&D expenditures, in line with the relative
technological intensity of their specialization patterns, Brazihé only country that invests in R&D
more than the regional average. In 2008, Brazil spent in R&MND% of GDP, Argentina 0.51%,
Uruguay 0.44%, while Chile and Mexico invested 0.67% and9,4respectively, in 2004° In
addition, beyond similarities, those countries have divaslenblogical capabilities and market size,
allowing analyzing cooperative behaviour in different contexts.

4. The determinants of cooperation for innovation i n
the Latin American manufacturing industry

This section, presents the results of the effort to harraatdra from innovation surveys of the 5 Latin
American countries.

" Animal food, soya and maize in the case of Arigentbovine, rice, milk and leather in Uruguay; pen fuits and

fishes in Chile; petroleum oils, television, autdives and telecommunication equipments in Mexiaad @on,
petroleum oils and airplanes in the case of Brazil.

With the exception of Uruguay which data refer003, data refer to 2007 and are authors’ caionsbased on
the ECLAC-UN-DDPE-PADI database.

Data refer to R&D expenditure as a percentadalP, RICYT estimates for the year 2007 or closeat wvailable.
The results presented in this section are thdtrefa collective effort. We have worked togethth a group of
country experts in order to identify the common sktwariables which determine the probability ofimm to
engage in a collaborative arrangement for innowatiod to estimate the model country by countryexalArza
and Andrés Lopez were responsible for the case@émina; Ana Paula Avelar and David Kupfer for Bkalosé
Miguel Benavente and Carmen Contreras for ChildscC&arrido and Ramén Padilla for Mexico and Carlos
Bianchi, Natalia Gras and Judith Sutz for Uruguay.
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4.1 Innovation Surveys in Latin America: an overvie —w

Collection of firm level data on innovation is a recphenomenon in Latin America. Few countries
regularly carry out innovation surveys and analyzediselts as part of a monitoring effort of the micro
behaviour of agents and their response to politiekatin America only Argentina, Brazil, Chile and
Uruguay have been carring out innovation surveysesyaically in the last decade. Colombia and
Mexico have collected this information but more sparatii. Other countries have just started this
process, such as Costa Rica; while Peru Panamaemerdela only carried out one survey, and the rest
of the countries in the region are not involvedngasuring innovation at micro level.

Innovation surveys matter, not simply because they are camigdwot because they are
“used” and countries develop the capacity to analyze the data, intémpretand use them for
informing the policy debate. OECD countries accumulated relexguerience in this respect and
pioneer creative work in developing new metrics and new modeknfdyzing innovation conduct
(OECD, 2009: OECD, 2010). Latin America needs to advandedndspect. The only country which
seem to be most advanced in using information from nationalvation surveys to think, evaluate
and design innovation policy is Brazil. In Brazil there idrargy articulation between institutions in
charge of policy design, policy execution and data collectitighwguarantees that the efforts of data
collection support the policy making process. This interaaiso supports a reality-check for micro-
level data thus not only contributing to extract informatfoom the surveys, but to improve the
quality of the survey itself. The regular feedback betweeitypahd analyst actors allows smoother
information flows and contributes to improve policy des(De Negri, Araujo and Moreira, 2009).
The case of policies supporting ICT and the rising measureeffmt in those domain is another
example (Grazzi, Rovira and Vergara, 2009).

Comparability between innovation surveys of different caestis not an easy task, and it
requires serious harmonization efforts (OECD, 2009). linLAmerica this is even more relevant
considering that innovation surveys follow different agiees, formats and modalities (i.e. while the
Brazilian, Chilean and Mexican surveys follow the Oslo Marthal Uruguayan and Argentinean one
are base on the Bogot4 Manual). Table 1 provides informatiart #isources of information for the
comparative study.

TABLE 1
SOURCES OF INFORMATION FOR THE COMPARATIVE STUDY

Country Survey

Argentina 2nd National Survey on Innovation andhfestogy (1998-2001)
Brazil 3rd Industrial Technological Innovation Sey(PINTEC, 2005)
Chile 4th Innovation Survey (2005)

Mexico 2nd Innovation Survey (2001)

Uruguay 2nd Innovation Survey (2001-2003)

Source: Own elaboration.

The reference for Argentina is the 1998-2001 Nati@uvey on Innovation and Technology
(ENIT), carried out by the National Statistical ¢ (INDEC). The survey follows the Bogota Marifial

®  The Bogota Manual draws its inspiration from slo Manual and derives from regional efforts tocamt for
specificities in innovation conducts in the cousdrof the region (RICYT, 2001).
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and adopts a broad definition of innovation whicttlides product, process, organizational and
commercialization innovations. The ENIT is a compuylsarvey. The survey, which is also the same of
the Industrial Survey, was sent to 2229 firms, havangesponse rate of 76%. The sample is
representative in terms of sectoral distributione sand geographic location of the Argentinean
manufacturing industry. The survey includes questioagarding innovation activities, R&D
expenditures, efforts and obstacles to innovatind,quality and the training of personnel. With respect
to appropriability mechanisms, this survey only wochecking for field and obtained patents. The
survey also gathers information regarding the relatiprisstween agents of the innovation system.

In the case of Brazil, the analysis is based on data from tfePAQITEC (Pesquisa Industrial
de Inovacdo Tecnologica /Industrial Technological Innovation e§gyvcarried out by the IBGE
(Brazilian Institute of Geography and Statistics). The PINT&©ws the Oslo Manual. It adopts a
strict definition of innovation, which considers technotagiinnovation the introduction of a new or
substantially improved product and the adoption of a newubstantially improved process. The
survey collects information on innovation activities betwe8@32and 2005. It includes innovative
and non-innovative firms. The survey is carried out thinomgperson interviews for firms with more
than 500 employees located in federal districts with more tBasainpled firms, and computer
assisted telephone interview (CATI) in the other cases. Theyswontains information about the
characteristics of firms and the innovative conduct (expendifareésnovative activities, expenditure
of internal and external R&D, acquisition of R&D, if thenfihas R&D department, the qualification
of the employees, etc.), the collaborative partnerships fovation, the impact of public policy, and
the use of different appropriability mechanisms.

The reference for Chile is the fourth Innovation Surveyriedrout in 2005, and covering
innovative activities in 2003 and/or 2004. The survey Vadlothe Oslo manual. The survey is
compulsory, and it collects information on performance, sous€gschnical information, types of
cooperation and obstacles for innovation. The survey is it capture qualitative variations in
innovation activities of firms and to evaluate the efficacy anidieffcy of innovation policies. The
survey defines cooperation as the existence of any formal cdopeagreement for any innovative
activity performed by the firm. The sample is representativih@ftotal Chilean firms with annual
sales above 2400 UF (i.e. approximately 90'000 dollars).ré@$@onse rate is 85%.

The source of information for Mexico is the 2001 Natiomaiolvation Survey, conducted by
the National Council for Science and Technology (CONACYT) dnel National Institute of
Statistics, Geography and Informatics (INEGI). The suigsdyased on the Oslo Manual and it covers
both the manufacturing and the service sector. The selectiomnsfiias done using a random sample
method, with stratification by sector of economic activityg adjusting the representativeness of firm
size by an expansion factor, but at the same time includinthalfirms that had 501 or more
employee¥. The questionnaire was responded by 1,712 firms operiatithgee industries: 64 firms
in mining, 39 in construction and 1,609 in manufacturifije Mexican Innovation Survey (MIS)
gathered information for the period 1999-2000.

9 The fourth version performed during 2005 has whaied firms from the manufacturing, mining, enemyyd
services sectors.

The use of the expansion factor led the sampl®,1d8 firms. In this paper, the rough databasel@d9
manufacturing firms, without expansion factorsused. So the participation of firms in terms ofesand sectors
may be biased in relation to the expanded datali@iseimportant to mention that the sample onlgludled firms
with more than 50 employees, i.e. the sample isenidowards large firms, and this should be takém account
when the quantitative results are interpreted.
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In the case of Uruguay, the reference is the 2006 Uraguéydustrial Innovation Survey
(Encuesta de Actividades de Innovacion en la In@)sttonducted by the Directorate for Innovation,
Science and Technology for Development (DICyT) #tredNational Statistical Office (INE). The survey
follows the Bogota Manual and adopts a broad difmiof innovation, including organizational and
commercialization innovations. This second survey covees period 2001-2003. The sample is
representative of the manufacturing industry; the sampmethod followed a mixed approach: random
selection, representative for sector, for firmshwit to 19 and 20 to 49 employees and automatic
inclusion of firms with more than 50 employees, dthwsales above 1,000,000 US$. The sample
included 828 firms, and the response rate was 98I3f.survey aims at collecting information on
innovation efforts and results, as well enabling @k for innovation. The survey is carried out
through in-person interviews by university studeéraged by the National Statistical Office.

TABLE 2
PROVIDES AN OVERVIEW OF THE MAIN CHARACTERISTICS OF INNOVATION
SURVEYS IN ARGENTINA, BRAZIL, CHILE, MEXICO AND URU GUAY

Variable Argentina Brazil Chile Mexico Uruguay
Status Compulsory Compulsory Compulsory Compulsory Compulsory
Collecting National National Statistical National Statistical National Statistical ~ National Statistical Office
Agency Statistical Office  Office (IBGE) Office (INE) Office (INEGI) (INE)
(INDEC) and CONACYT
Method of Postal Face to face Postal Face to face Face to face interviews
Collection interviews + pone
Frequency Yearly (a) Every 2 years (d) Every 3 yéa) Every 5 years Every 3 years
Framework Manufacturing Mining and All sectors Manufacturing Manufacturing register
Survey (b) quarrying excluding trade, Services
Manufacturing, hotels and
telecommunication, restaurants, housing
Software and R&D and public sector
registers
Reporting Unit Firm Firm Firm Firm Firm
Minimum size 10 employees 10 employees 10 employees for 50 employees 5 employees
cut-off point manufacturing
US$65,000 the rest
Panel No No No Manufacturing No
manufacturing Services
Yes services
Sample size 2,333 (total) 14,400 (total) 3,298 (total) 1,712 (total) 828
2,133 (manuf) 13,500 (manuf) 1,022 (manuf) 1,609 (manuf)
200 (panel 900 (services) 161 (electricity) 64 minning
services) 65 (mining) 39 construction
2,050 (rest) 542 (innovative
firms in
manufacturing)
Response rate 78% 91% 85% n.i 98%
Number of 189 (100) 208 (67) 170 (95) ? 339 (138)
variables (c)
Combined with  Yes (ICT) No No No Yes (ICT)

other surveys

Source: Own elaboration.
Note: (a) quantitative questions asked on annugisblnovation outputs asked over the last thesesy It will also
rotate modules between surveys. (b) Starting watk & census of large service firms. (¢) Numbegeéntitative
variables. (d) From 2003, before it was done e@eygars. (e) Years of the survey were 1995, 1908122005 and
2007. From 2005 the Survey will be made every 2sea
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4.2 Micro-behaviour of firms: descriptive statistic S

Innovation surveys in Latin America define cooperation ifediint ways. The Brazilian and Chilean
surveys adopt a similar definition of cooperation in iratmn which considers as cooperative a firm
which participates in R&D and/or innovation projects in coapen with other organizations,
enterprises or institutions. In the case of Argentina andyliaty the surveys do not ask explicitly
about cooperation; firms are asked to specify their relatipnsith the other agents of the national
innovation system. This is a broader definition of coafes innovation which yields to not
comparable results (i.e. it overestimates the probability tperate in Argentina and Uruguay with
respect to Brazil and Chile). To allow comparability, in gtigly, we have then redefined cooperation
for Argentina and Uruguay including only firms that badeclared to be involved in a R&D
relationship with other agent. The case of Mexico is a pecularsince the survey asks if the firm is
involved in a cooperation agreement for innovation with ofiners or institutions, thus opting for a
more restrictive approach which includes only formalized agresnfi@ncooperation. In all cases, we
have included in the definition of cooperation the collaboratiwith customers, suppliers,
competitors, universities and research centers.

This paper analyzes cooperative behaviour of innovative firntlseirmanufacturing sector.
We explore the determinants of cooperation for innovationeagiémeral level, and then we include a
study on cooperation by type of partner differentiating dycooperation with (S&T) Scientific and
Technological infrastructure, such as universities and other cbseamters; b) cooperation with other
firms, including cooperation with suppliers, clients arteoinstitutions that are not part of the group,
and c) cooperation with firms of the group.

In Latin America, on average, the percentage of firms engaged jperative activities for
innovation is residual, ranging from 5.7% of total firm<Chile to 13.9% in Argentina. Those figures
are not, however, so distant from the European average. For lexamording to the fourth edition
of the CIS (Community Innovation Survey), in 2004 184ropean firms declared to be engaged in
cooperative arrangements for innovation. Clearly, differencds miist advanced countries emerge
when looking at more dense innovation systems; for exammpkerope the countries in which firms
cooperate the most are Denmark (22.2% of cooperative firms);eawWad.4%) and Finland (19.2%).
In Latin America, just as in frontier economies, innovativ@s have a higher propensity to cooperate
than non innovative firms. The share of innovative firna ttooperate is 25.5% in Argentina, 23.1%
in Mexico, 17.7 in Uruguay, 15.2% in Brazil and 10.5%Ghile: However, in the case of most
advanced European countries those shares are sensibly higiét (d2Denmark, 42.8% in Sweden
and 44.4% in Finland).

In Chile, Brazil and Mexico innovative firms tend tooperate more with other firms (client
and/or suppliers) rather than with science and tdolgy institutes or other firms of the group. In
Argentina and in Uruguay the preferred partners obwative firms are, on the contrary, the S&T
research centers and institutions.

In terms of capital ownership, foreign firms cooperate moaa tlomestic ones. As for size,
bigger firms show a higher propensity to cooperation wédpect to small ones, in all the countries
(see table A.1 in the annex). However, when disaggregating bgrekip of capital, we see that in
Argentina and Uruguay the share of domestic firms collabgratith universities and S&T institutes
is higher than the foreign one; while in general foreignditend to cooperate more with other firms
of the group (see table A.2 in the annex).

As for the sectoral dimension, the distribution of firsybeterogeneous across sectors, and on
average the high technological sectors, like chemicals and electrshis, the higher shares of
collaborative firms with respect to the number of innovatiked in the sector (see table A.1 in the
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annex); this result is similar to the evidence available fontier countries (Miotti and Sachwald,
2003; Dachs et al., 2004; Abramovsky et al. 2005). Tabiedd5 in the annex show, respectively, the
patterns of collaboration by size and type of partners, aseédipr and type of patterns.

Before presenting the model, and as a complement to this pratindescriptive evidence, a
first caveat on data interpretation is required. From basicigagerfigures it is clear that the Oslo
and the Bogota manual capture collaborative efforts differemtlfadt, even though in this exercise
we have calibrated the definition of collaboration for innovatioorder to approximate the definition
of the different surveys, there is a certain margin of unce¢ytairdata interpretation. The magnitude
of differences in the shares of collaborative firms between lAatierican countries is higher than
what we would have expected, and the scale is, sometime, diffEmFnéxample, when measuring
participation in cooperation of innovative firms we do nobw if figures are sensitively higher for
Argentina and Uruguay because of the specific characteristics abHadorative process in those
countries, or because the questionnaire is capturing diffefeErtomena with respect to the Oslo
Manual. Our approach is that we should look at the comparstisy in terms of comparisons
between national trends; i.e. figures and estimates presentbid istudy are consistent within the
countries; however there is a margin of uncertainty in reatim@igures “across” countries. So, while
it is correct to affirm that innovative firms tend to coopenatore than non innovative ones in Latin
America, we would be skeptical in affirming that innovativenBrcollaborate more in Argentina than
in Brazil, as table 3 seems to suggest. Having this clarifitationind, will help in assessing both the
extent to which it is possible to draw comparative analysis the surveys, as they are nowadays,
and to actually identify differences and similarities in coopeardtehaviour among the countries of
the region.

TABLE 3

COOPERATIVE PATTERNS BY TYPE OF PARTNER (%), LATIN AMERICA, 5 COUNTRIES

Argentina Chile Brazil Mexico Uruguay

(1998-2001) (2003-2005) (2003-2005)  (1999-2000) (2001-2003)

Total Firms (Obs) 1337 1281 12009 1609 814
Cooperating Firms (% of total firms) 13,9 57 75 7,8 7,7
Innovative Firms (% of total firms) 41,9 47,8 49,6 33,7 31,1
Cooperating Firms (% of innovative firms) 25,5 10,5 15,2 23,1 17,7
Cooperating firms (% of innovative firms) by typepartner
Cooperating with other firms 11,1 10,1 12,14 19,6 3,7
Cooperating with science and technology 11,2 7,8 115
institutes 8,22 4,6
Cooperating with firms of the group 10,6 7.3 4,75 n.a. 5,9

Source: Own elaboration on the basis of InnovaBarveys, indicated in table 1.

4.3 The model

We estimate the probability that an innovative firm engages liabooative innovation activities
country by country. The specification of the model foll@msevolutionary approach.

First, we recognize the tacit dimension of knowledge and the tfatt technological
capabilities are embodied, at least to some extent, in individireds and institutions (Polanyi, 1967;
Freeman, 1982; Pavitt, 1984); this leads to stress thearmlevof R&D capabilities of firms in the
analysis of cooperative behaviour; i.e. the standard approaddffioent division of labor in
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innovation does not apply. Cooperation in R&D cannot mgkdor individual capacities of firms.
There are non-substitutable innovation efforts that firmsstncarry on in order to profit from
cooperative R&D agreements. In other words, firms' absorptigpacity shapes cooperative
behaviour in R&D (Cohen and Levinthal, 1990), and in-koR&D efforts and external sourcing
appear as complementary. To profit from cooperation with extagsits firms need a certain degree
of capabilities to identify potential benefits from R&D ceogtion; at the same time enterprises need
to dispose of technical capacities to profit from the int@nge with other units.

Second, we assume that interactions between firms, institutimganizations and legal
systems - i.e. the national innovation system dynamideetaknowledge generation and diffusion
paths. The codified or non-codified networks determine moréess favorable environments for
knowledge generation, diffusion and accumulation, accordinghe¢o diensity and specificity of
linkages. At the same time, environment shapes the openntsssofo external sources (Cohen and
Levinthal, 1990). And, reasonably, the level of technaalgiopportunities available in the
environment molds the kind of cooperation and interactiat flims choose to be engaged in
(Klevorick et al. 1995). Firms that belong to an environnadiering high opportunities may be more
likely to search for cooperation and be more open to externalesoto gain access to key information
and technologies (Laursen and Salter, 2005). At the same rtiore, innovative firms reshape the
environment and can induce a process of increasing returns igduguersities and research centers,
and other firms, to be willing to cooperate with them.

Third, we assume that the dynamics of R&D cooperation refleettarsspecific innovative
behaviour. There are sectors where innovation commonly dernwves dooperative R&D projects,
think for example about the role of consumers as innovatansew ICT-based activities or the well-
know clustering effect like the Silicon Valley one; and there aotoss that are more science-based
than others, like the chemical and the pharmaceutical sectors oroteehhological industry, in
which science-industry links are almost ordinary (Pavit841®osi, 1988).

To estimate the determinants of collaboration we use a simplst lrnodel, which follows
the subsequent specification:

P.(coop =1) = fa(XiFlRlB_l_ Xi|nSTR5+ XiCTRLy+ £) W

Or:
Pa(coop - O) :1_ fa(XiFlRﬁ_{_ XiInSTR5+ XiCTRLy_I_Ei)

Where: <coop) is the dependent variable, measuring collaboration for atiwov P

denotes the probability that a firm engages in cooperative ativevprojects, fa is the probit
FIR X.InSTR CTRL
I

probability distribution function,”" | and”’  are vectors of independent variables and

14 ,5 and y the respective vectors of parameters to be estimate(fiainml standard errors.

FIR

I represents a vector of firm specific variables, like size, foreignership of capital,
INSTR

skills, etc., “ is a vector of independent variables indicating the innovatragegly such as
CTRL

(R&D intensity, patenting, public support, obstaclesntmovation etc;”"'  is a vector of specific
control variables, industry level cooperation, technologipgbatunities, etc.
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We include as independent variables a set of fatat affect the probability of a firm to engage

in collaborative innovation with other firms, othims of the group and S&T institutes. The literat
identifies some standard variables that are asstoniafluence the decision of a firm to cooper&&E,
i.e. the natural logarithm of number of employeesfipm, SIZESQUARE, which is included to account
for non-linear effects, and FOREIGN CAPITAL, whidtassifies capital ownership of firms and
differentiates by national or foreign. In addititinthese standard variables, we also consider GR@UP
see if belonging to a group shapes science-indliskky and SKILLS to take into account the role of
skilled workers in determining the level of opermefthe firm.

The model also includes: R&D intensity for measuring theaichmf in-house effort on
openness and collaboration with foreign parties, the degreewelty of the innovation introduced
and the patenting strategy. We also control for the impaetceiving public support as a determinant
of cooperative behaviour. All surveys include several questmyarding obstacles that firms face to
innovate. Among them, we include: lack of access to finance, rel@vanmation, and qualified
personnel. Two control variables are included: the technologmabrtunities of the market and
industry level cooperation for accounting for sectoral diffeesn (See tables in Annex for detailed
comparative descriptive analysis)

We estimate the probability of engaging in collaboration; therrecalibrate the model for
each of the possible strategies by type of partner: market ca@tabng when the firm collaborates
with other firms, such as clients/suppliers and competitorthe estimation of the model we proceed,
country by country, as follows: first we run a probit nesgion of equation (1), and then we run
separate equations differentiating collaboration by type of gaf8&T institutes, other firms, such as
client and suppliers, —industry- and other firms of theug) to identify if determinates differ, or
influence in a different way, the various types of collaboration

4.4 The results

Results of our estimations are line with similar analysieaaly available in the literature. For
example, Abramovsky et al. (2005) estimated a probit modeh feet of 4 European countries to
identify the determinants of the probability of a firm te volved in an R&D cooperation
agreement. Their results showed that the main factors affec&fiyy d®operation were the use of
strategic mechanisms to protect innovation, the R&D intensitypublic support and the incoming
knowledge spillovers.

Table 4 reports the results of the marginal effects of theitpestimation. Results show that
countries display different patterns; however it is posgiblielentify three main issues which shape
collaborative innovation in general terms:

(i) Firms with higher levels of skills for innovation tenal ¢cooperate more with external
agents; i.e. the scale and quality of internal human resouncemfivation influences
the willingness and capacity of firms to collaborate witremdl agents. Collaboration
is, hence, a complementary strategy for internal capabilities @ndnnalternative. The
variable skill is significant and positive for all the caigg with the exception of Chile.

(i) Being in an environment which is perceived as technologicallsantband innovative
stimulates firms’ openness; i.e. firms which recognize thareat agents/institutions are
repositories of relevant knowledge will be more prone to cofkte. Hence supply of
technological information and availability of technological apwaoties supports
collaborative efforts. The variable technological opportunitgignificant in all cases
with the exception of Chile.
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(iii) Collaborative behaviour shows a sectoral pattern. There are sectangch firms tend
to collaborate more than in other sectors; i.e. there are sedtmls fivms require more
interaction and linkages with external agents to innovaiitwe. variable industry level
cooperation is significant in all cases with the exception geAtina.

Chile is the country which shows the most varied restttssidering that the probability that
a firm engages in collaborative arrangements for innovationaisly determined by the patenting
strategy and the average propensity to collaborate of other ffirtiee same industry. This result
confirms the theoretical hypothesis that usually firms thatid® to engage in cooperative
arrangements for innovation are firms with a clear innovati@ategy (which can be explained by the
patenting propensity) and that cooperative behaviour is irfegehy the sectoral specialization.

Firm’s size only affects the propensity to collaborate in the o&8razil, in which it is more
likely that bigger firms are involved in collaborative innawatprojects than small firms. In Brazil,
Mexico and Uruguay firms which belong to a group tend taborate more, while this is not the case
in Argentina or Chile. Foreign capital ownership positivaffects collaboration in Argentina and in
Uruguay, while no significant evidence is available in ChilegzB and Mexico. Firms obtaining
public support for innovation tend to collaborate more thians not receiving public support in
Argentina and in Brazil, while for the other countries theraad significant impact of public policy
con collaborative patterns. Firms performing more radical iat@vs tend to be more open that less
innovative firms; this result is significant for Brazil,e¥ico and Uruguay. In Argentina, Brazil and
Chile patenting is positively associated with collaboratiasllaboration seems to provide a solution
in case of lack of access to finance only for Brazilian and Uragudiyms. Lack of access to
information on technologies appears as non significant icaaks, with the exception of Mexico,
where it negatively affects collaboration; i.e. Mexican firmsdtém compensate the difficult in
accessing to technological information by carrying out jeinbization projects.

TABLE 4
MARGINAL EFFECTS OF PROBIT ESTIMATIONS;
PROBABILITY OF HAVING A COOPERATION AGREEMENT

Argentina Chile Brazil Mexico Uruguay
Size (Lne) 0,07 -0,044 0.060*** 0,081 -0,010
[0.072] (0.053) [0.010] 0,147 (0.095)
Size squared (Ln e 2) -0,003 0,005 0,000 -0,003 0,003
[0.007] (0.005) [0.000] 0,011 (0.010)
Group 0,043 0.070** 0.117 *** 0,161***
[0.044] [0.030] 0,041 (0.046)
Skills 0.431%* -0,069 0.070* 0.028 *** 1,487
[0.158] (0.08) [0.030] 0,009 (0.724)
Foreign Capital 0.121** 0,054 0,000 0,028 0,086**
[0.052] (0.054) [0.010] 0,048 (0.044)
R&D intensity 1,182 0,12 1,220 -0,003 -0,526
[1.189] (0.176) [17.21] 0,011 (0.646)
Public support 0.303** 0,045 0.090*** 0,143 0,152
[0.122] (0.032) [0.020] 0,112 (0.107)
Novelty of innovation -0,029 0,028 0.140%** 0.079 ** 0,100%**
[0.037] (0.027) [0.020] 0,033 (0.038)

(continued)
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Table 4 (concluded)

Argentina Chile Brazil Mexico Uruguay
Tech opportunities 0.211%** 0,015 0.120*** 0.089 ** 0,229***
[0.064] (0.044) [0.200] 0,04 (0.072)
Patenting 0.111* 0.090** 0.050** 0,009 -0,045
[0.062] (0.042) [0.020] 0,06 (0.078)
Lack of access to finance 0,045 0,038 0.070** 0,013 -0,088**
[0.043] (0.031) [0.030] 0,045 (0.043)
Lack of access to -0.096 *
information (include tech
info) -0,075 -0,035 0,040 0,105**
[0.072] (0.028) [0.060] 0,045 (0.062)
Lack of qualified 0,055
personnel 0,023 -0,002 -0,010 0,049
[0.052] (0.027) [0.050] 0,045 (0.058)
Industry level cooperation -0,001 1.121 %% 0.890*** 0.967 *** 0,720***
[0.001] (0.26) [0.270] 0,352 (0.169)
Observations 670 516 1258 542 354
Pseudo R-squared 0,11 0,126 0,121 0,2628

Source: Own elaboration.

Note: Robust standard errors in parentheses.
*** significant at 1%.

** significant at 5%.

* significant at 10%.

Table 5 shows the results of the marginal effects of thetpeetimations of the probability to
engage in collaboration by type of partffeiThe determinants of collaboration differ by type of
partner and between countries. The main result of the analysjpdwf partner is that it reconfirms
the relevance of sectors patterns for collaborative behaviounartadle industry level cooperation is
significant in all cases, with the exception of Argentina, wétpard to collaboration with other firms
and other firms of the group.

Bigger firms tend to collaborate more with all tgpef partners in Brazil. In Argentina firms
belonging to a group tend to collaborate more witter firms of the group, while in Brazil they tetal
collaborate more with S&T institutes. In Uruguagyttiend to collaborate more with both types ofrpas.
Skills influence collaboration with all partners Argentina, while in Uruguay skills mainly affect
collaboration with S&T institutes. Firms which irstamore in R&D tend to collaborate more with S&T
institutes in Argentina; in the other countries tisinot relevant. Foreign capital only affectsghabability
to collaborate with other firms of the group of Amginean and Uruguayan firm. Public support infagen
collaboration with all partners in Brazil, while @hile and Uruguay it increases the probability of
collaborating with S&T institutes. The degree ofelty of innovation positively influences the proiiay
of engagement in collaboration with all types afters in Brazil and Uruguay, while in Argentinenfs
which carry out less radical innovation tend tolatmrate more with universities and S&T institutes.
Patenting determines collaboration with S&T andhwither firms in Brazil, and with all partners ihife.
Lack of access to finance influences the decisfoArgentinean firms to collaborate with other firms
while in Brazil it determines the collaboration g&T institutes and with other client/supplienfs.

81 Mexico is not included in the coparative analysjstype of partner, since the Mexican survey doescollect

information con collaboration by type of partner.
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TABLE 5
PROBIT ESTIMATIONS; PROBABILITY OF HAVING A COOPERA TION AGREEMENT BY TYPE
OF PARTNER (MARGINAL EFFECTS)

Argentina Brazil Chile Uruguay
By type of partner By type of partner By type of partner By type of partner
ST industr Grou ST industr Grou ST industr Grou ST industr Grou
infrastructure Y P infrastructure Y P infrastructure Y P infrastructure Y P
Size (Lne) 0,07 0,022 0,055 0.040%* 0.050%*** 0.010%** -0,012 -0,015 0,05 -0,040 -0,016 -0,004
[0.047] [0.043] [0.043] [0.010] [0.010] [0.000] (0.04) (0.053) (0.041) (0.062) (0.021) (0.030)
Size squared (Ln e 2) -0,005 -0,002 -0,003 0,000 0,000 0,000 0,002 0,002 -0,004 0,006 0,002 0,000
[0.005] [0.004] [0.004] [0.000] [0.000] [0.000] (0.004) (0.005) (0.004) (0.006) (0.002) (0.003)
Group -0,002 0,021 0.042* 0.060** 0.040* 0.110%** . . . 0,088*** 0,009 0,028***
[0.025] [0.030] [0.025] [0.020] [0.030] [0.020] (0.033) (0.011) (0.012)
Skills 0.299%** 0.157* 0.167* 0,030 0,030 0.200%** -0,016 -0,072 -0,016 1,031* 0,133 -0,005
[0.080] [0.093] [0.060] [0.020] [0.030] [0.020] (0.058) (0.089) (0.066) (0.475) (0.166) (0.180)
Foreign Capital -0,037 0,024 0.121%* 0,000 0,000 0,000 0,037 0,051 0,037 -0,050 0,002 0,047***
[0.024] [0.033] [0.038] [0.010] [0.020] [0.010] (0.045) (0.052) (0.042) (0.035) (0.009) (0.017)
R&D intensity(a) 1.623* -0,753 0,312 2,520 3,540 2,500 0,208 0,094 0,116 -0,143 -0,112 0,022
[0.772] [1.146] [0.567] [12.070] [15.270] [5.780] (0.134) (0.18) (0.132) (0.392) (0.157) (0.138)
Public support 0,177 0,144 0.120%** 0.080*** 0.020** 0.045* 0,03 0,006 0,133* 0,035
[0.108] [0.091] [0.020] [0.020] [0.010] (0.027) (0.031) (0.023) (0.066) (0.028)
Novelty of innovation -0.045* -0,008 0,021 0.090%*** 0.120%* 0.040%** 0,02 0,028 0,032 0,053** 0,033* 0,019*
[0.026] [0.025] [0.017] [0.020] [0.020] [0.01] (0.022) (0.027) (0.021) (0.027) (0.014) (0.013)
Tech opportunities 0.114%** 0.133%** 0,038 0,020 0.14%* 0.02%** 0,058 0,019 0,016 0,145%* 0,021 0,036
[0.040] [0.042] [0.032] [0.020] [0.02] [0.01] (0.036) (0.043) (0.034) (0.052) (0.022) (0.022)
Patenting 0,06 0,068 0,022 0.050%*** 0.04** 0,010 0.068** 0.076* 0.080** 0,005
[0.044] [0.046] [0.030] [0.020] [0.02] [0.01] (0.034) (0.041) (0.037) (0.048)
Lack of access to finance 0,009 0.051* 0,004 0.070** 0.08*** 0,010 0,006 0,026 0,02 -0,036 0,002 -0,012
[0.028] [0.029] [0.020] [0.030] [0.03] [0.01] (0.024) (0.03) (0.025) (0.030) (0.009) (0.012)
Lack of access to
information
(include tech info) 0,021 -0,014 -0,023 0,060 0,020 -0.02* 0,008 -0,034 -0,015 0,082** 0,026* -0,002
[0.046] [0.048] [0.042] [0.050] [0.060] [0.010] (0.026) (0.028) (0.023) (0.039) (0.020) (0.021)
Lack of qualified
personnel -0,034 0,004 -0,017 0,030 -0,010 0,010 0,001 -0,001 -0,014 0,047 -0,013
[0.034] [0.035] [0.028] [0.030] [0.040] [0.010] (0.021) (0.027) (0.02) (0.042) (0.017)
Industry level cooperation
Industry level
cooperation_ST 0.003** -0,040 1.127%* 0,775***
[0.001] [0.320] (0.26) (0.167)
Industry level
cooperation-industry 0,003 0.840*** 1.125% 0,282%*
[0.002] [0.290] (0.286) (0.185)
Industry level
cooperation_group 0 0.450** 0.972%* 0,312%*
[0.001] [0.230] (0.203) (0.144)
CONSTANT -0,325** -0,077 -0,124**
(0.144) (0.080) (0.067)
Observations 670 670 650 1258 1258 1258 516 516 516 354 293 354
Pseudo R-squared 0,1 0,07 0,26 0,162 0,115 0,401 0,2497 0,2919 0,3708
Wald 63,47 27,57 92,96 69,61 24,88 55,2

Source: Own elaboration.

Note: Robust standard errors in parentheses

*** significant at 1%.
** significant at 5%.
* significant at 10%.

(a) in the case of Argentina is LN(R&D/sales).
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5. Conclusions and policy implications

Results show that cooperation is reduced in terms of critigas in Latin America; however, the
determinants of cooperative behaviour in innovation in Latimefica are similar to those obtained in
similar studies for frontier countries. This suggests toaperative behaviour is strongly affected by
sectoral specialization, internal absorptive capacity of firmscfwin our study is proxied by skilled
workers) and by the innovative propensity of the environmeote than by the systemic conditions
for the country in question. (A policy corollary wouldroe be that Latin American countries need to
prioritize the creation of endogenous scientific and technmdbgiapabilities, production structure
modernization and structural change in first place, and n@lypiocus on creating incentives for
collaboration for innovation).

Policies in the last decade have been calling for cooperation andaitin between different
agents of the national innovation system to support &tmy, however more research and
methodological reflection is needed in order to increase the capdagitgasuring the way in which
firms establish and develop relationship with external couattypthe impact of different factors on
cooperative behaviour and to evaluate the impact on innovatforettune policies.

Few could argue against the fact that links and collaboratiosgiyely affect firms,
universities, and to broader extent countries’ innovativeresgever it is less straightforward derived
what the conditions are in order for cooperative R&D to enshai are the standards of excellence
and the structural determinants for cooperation to increase’ flagents, universities, and countries)
performance and which is the set of incentives which best faumts cooperation. And even less
consensus exist on which type of collaborative arrangement Iseitsrinnovation, which are the
incentives which favour the various forms of cooperation, ypbéties can do to effectively support
innovation through collaboration.

Thus, the key element for being a “successful” innavistdhen not just being more open, or
having more active research collaboration, bus itoi be able to choose the appropriate structure and
design of collaborative agreements according to the mljectives of the organization (Pisano and
Verganti, 2008). The “collaborative architecture”ttees and there is no superior form of collaboratio
In terms of policies, this means a generalized @allnfiore interaction, networking and partnership
between agents is too generic for being effectiveerAdtely, selecting ex ante the type of collabaonatio
which firms should pursue presumes a deep undeggtafithe innovative strategy of the firm, and it
could hamper the policy impact. To better fine tpodécies to the desired outcome and to the type of
beneficiaries a set of schemes supporting diffeygratst of collaboration might be required.

The increasing relevance of innovation in the portfolio ofegoment actions (at the national
and regional level) requires better metrics and improved uadeisy of innovation dynamics.
National innovation surveys in Latin America are useful umagnts for increasing awareness
regarding innovative conduct of firms. However, more warkieéeded to harmonize data collection
and data processing in Latin America to improve the surveyshair comparability within the region
and with foreign countries. This is a mid-long term proosbgh requires a dialogue and direct
contact between experts, policy makers and national statistit@sffithin the region and abroad.
There is a need to support the exploitation of existing daitagrove the quality and to increase our
understanding of their meaning. Simplifying access to dataf@stdring cross-country studies on
innovation surveys and reinforcing institutional mechanigm&ipport closer interaction between data
collection, data analysis and policy formulation in Latin Aiceeshould be a priority.

Currently, national innovation surveys still have diffiees in precisely describing innovative
behaviour of firms, and their use for orienting policy mgkshould be cautions and done “cum grano
salis”. Econometric analysis are useful, but it is importanmatch the technique with a sound
theoretical approach and a deep understanding of the indugtreahct in the country in order not to
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reduce the analysis to a study of “the representative firm”; wéd aoat think that “a fructibus
cognoscitur arbor”. The advantage of innovation surveys $heow differences in the behaviour of a
heterogeneous set of agents in order to help policy makeesstauad the type of reality in which
policies are going to be implemented. How to explore the vairetile behaviour of firms though
innovation surveys and how to really make innovation sneetool for policy design and follow up
is an open and urgent question. Improving the compasabilitdata across countries, developing
surveys which allow tracking the dynamic changes in the balragidirms, and matching firm-level
analysis with case studies are first major issues to be faced.
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Annex

TABLE A.1

Variable name

Description

Size

Size2

Group

Skills

Foreign Capital

R&D Intensity
Public Support

Novelty of innovation

Technological Opportunities

Patenting

Lack of access to finance

Lack of access to information on
markets

Lack of access to information on
technology

Lack of qualified personnel

Industry level cooperation

Industry level cooperation with STI

Industry level cooperation with
other firms

Industry level cooperation with
other firms in the group

In (Number of employees).

In (Number of employees)2.

(0,1) if the firm belongs to a group or not

Proportion of R&D employment on total numlzéremployees

Dummy variable that takes the vdlifehe firm has more than 10% of foreign
capital, and O otherwise.

Proportion of R&D expenditure overrover (total sales).

Dummy variable that takes the valifethe firm has received public financial
support for innovation activities and 0 otherwise.

Dummy variable that takes ttadue 1 if the firm has obtained innovative result
novel for the market (local, regional or interna). It takes the value 0 if the firm
obtained results novel only for the firm.

Dummy variable thatemkhe value 1 if the firm assigns high importatiee
external information (professional conferenceserstific data bases, Internet, etc)
and 0 otherwise.

Dummy variable that takes the valuetidffirm asks and/or obtains patents in
Brazil or in the rest of the world.

Dummy variable that takessalue 1 if the firm assigns high importancaias
obstacle to the innovation process to the lackveflability of financial resources,
and 0 otherwise.

Dummy variable that takes the value 1 if the firssigns high importance as an
obstacle to the innovation process to the lackveflability of information about
markets and 0 otherwise.

Dummy variable that takes the value 1 if the firssigns high importance as an
obstacle to the innovation process to the lackveflability of information about
technologies, and 0 otherwise.

Dummy variable thatgskhe value 1 if the firm assigns high importaasean
obstacle to the innovation process to the lackuafified personnel and 0
otherwise.

Mean of cooperative firat sectoral level. (Food, beverages and tobdeodiles
and garments; Shoes and leather products; Woogapet; Edition and
impression; Oil and derivatives; Chemistry; Phareugical products; Non metallic
minerals and basic metals; Metallic products; Maehi and equipment; Electrical
machinery and equipment; Transport material; at@nufactures (non specified)).

Mean of coopmefirms with STIs at sectoral level. (Food, beages and
tobacco; Textiles and garments; Shoes and leatbdupts; Wood and paper;
Edition and impression; Oil and derivatives; ChengisPharmaceutical products;
Non metallic minerals and basic metals; Metalliodurcts; Machinery and
equipment; Electrical machinery and equipment; $jpamnt material; Other
manufactures (non specified)).

: Mean of cooperative firms with other firms atteeal level. (Food, beverages and
tobacco; Textiles and garments; Shoes and leatbdupts; Wood and paper;
Edition and impression; Oil and derivatives; ChengisPharmaceutical products;
Non metallic minerals and basic metals; Metallioqurcts; Machinery and
equipment; Electrical machinery and equipment; $jpamnt material; Other
manufactures (non specified)).

Mean of cooperative firms with other firms of th@gp at sectoral level. (Food,
beverages and tobacco; Textiles and garments; Simodeather products; Wood
and paper; Edition and impression; Oil and derixestj Chemistry; Pharmaceutical
products; Non metallic minerals and basic metalstalfic products; Machinery
and equipment; Electrical machinery and equipmbramsport material; Other
manufactures (non specified)).

Source: Own elaboration.
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TABLE A.2
DESCRIPTIVE STATISTICS ON FIRMS' COOPERATIVE BEHAVI OR BY OWNERSHIP OF
CAPITAL, SIZE AND SECTOR
LATIN AMERICAN COUNTRIES PERCENTAGE OF COOPERATIVE FIRMS
(ON INNOVATIVE FIRMS IN EACH CATEGORY, %)

Argentina Brazil Chile México Uruguay
By ownership of capital
National 18.1 12.3 53 235 13.8
Foreign 40.1 35.5 9.1 26.7 38.6
By size (n. of employees)
<10 n.a. n.a. n.a. n.a. 12.5
10-49 13.3 6.3 34 n.a. 15.1
50-99 20.8 8.6 7.1 15.8 19
100-249 22.9 111 5.6 19.2 18.8
250-499 32.7 13.2 7.1 233 23.1
>500 36.4 38.9 131 28.8 36.4
By sector
Food, beverage and tobacco 19.9 13.6 5.8 20.7 16.1
Textiles and apparel 15.2 6.9 3.1 10 16.1
Footwear and products of leather 25.0 12.0 2.4 11.1 33.3
Wood and paper 26.7 0.1 6.4 11.4 0
Edition and impression 27.3 12.0 8 25 9.1
Oil and oil derivatives 50.0 13.6 10 27.3 0
Chemicals 35.1 27.2 9.4 34.7 38.1
Pharmaceutical products n.d* 28.7 n.d* 38.1 21.7
Non metallic minerals 141 17.8 45 23.3 14.3
Metallic products 18.2 10.2 5 27.7 0
Machinery and equipment 23.1 17.6 5.4 19.2 10
Electronic and electrical equipment 32.6 22.0 4.8 24.5 7.1
Transport equipment 26.8 23.7 4 35.7 26.7
Other manufacturing industries 14.3 17.6 6.7 13.3 0
Rubber and plastic products 16.3 . 4.1 29.2 18.8
Medical, optical and precision instruments 20.0 . 11.8 22.2 33.3

Source: Own elaboration.
* The pharmaceutical sector is included in n. 7.
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TABLE A.3
DESCRIPTIVE STATISTICS ON FIRMS' COOPERATIVE BEHAVI OR BY TYPE OF PARTNER
AND OWNERSHIP OF CAPITAL, 6 LATIN AMERICAN COUNTRIE S
% of cooperative firms, by type of partner
(on total innovative firms in each category)

Coop with S&T institutions Coop with other firms Coop with other firms of the group
Argentina
National 10.1 9.1 3.6
Foreign 9.6 13.8 29.9
Brazil
National 6.6 1 1.6
Foreign 19.8 26.3 27.3
Chile
National 4.1 5.1 3.7
Foreign 5.8 9.1 6.6
México
National 4.6 15.6 n. a.
Foreign 4.4 20.4 n. a.
Uruguay
National 11.7 3.4 1.7
Foreign 10.5 5.3 28.1

Source: Own elaboration.

TABLE A.4
DESCRIPTIVE STATISTICS ON FIRMS' COOPERATIVE BEHAVI OR BY TYPE OF PARTNER
AND FIRM SIZE, 6 LATIN AMERICAN COUNTRIES
% of cooperative firms, by type of partner
(on total innovative firms in each category if figize, measured as n. of employees)

Coop with S&T Coop with other Coop with other

institutions firms firms of the group

Argentina

<10 n. a. n. a. n. a.
10-49 4.8 7.2 3.0
50-99 8.8 11.9 3.1
100-249 11.5 8.3 10.6
250-499 12.2 13.3 18.4
>500 15.9 13.6 21.6
Brazil

<10 n. a. n.a. n. a.
10-49 35 5.0 0.6
50-99 2.8 7.0 1.4
100-249 52 8.7 2.2
250-499 6.4 9.7 3.2
>500 23.9 317 17.2
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Table A.3 (concluded)

Coop with S&T Coop with other Coop with other

institutions firms firms of the group
Chile
<10 n. a. n. a. n. a.
10-49 2.1 34 2.3
50-99 6.6 7.1 5.6
100-249 3.3 5.1 5.1
250-499 5.6 7.1 4.8
>500 10.3 13.1 10.3
México
<10 n. a. n. a. n. a.
10-49 5.3 17.5 n.a.
50-99 1.0 17.2 n.a.
100-249 6.0 15.5 n.a.
250-499 54 23.5 n.a.
>500
Uruguay
<10 12.5 12.5 6.3
10-49 11.3 1.3 3.8
50-99 12.7 3.8 6.3
100-249 9.4 6.3 9.4
250-499 7.7 3.8 11.5
>500 27.3 9.1 0.0
Source: Own elaboration.
TABLE A5

DESCRIPTIVE STATISTICS ON FIRMS' COOPERATIVE BEHAVI OR BY TYPE OF PARTNER
AND SECTOR, 6 LATIN AMERICAN COUNTRIES
% of cooperative firms, by type of partner (on tataovative firms in each sector)

Coop with S&T Coop with other Coop with other

institutions firms firms of the group

Argentina

Food, beverage and tobacco 11.8 10.3 5.1
Textiles and apparel 3.0 6.1 6.1
Footwear and products of leather 15.0 5.0 20.0
Wood and paper 6.7 20.0 6.7
Edition and impression 14.5 55 10.9
Oil and oil derivatives 37.5 0.0 12.5
Chemicals 16.0 14.9 19.1
Pharmaceutical products

Non metallic minerals 6.3 6.3 4.7
Metallic products 9.1 121 6.1
Machinery and equipment 10.3 11.5 51
Electronic and electrical equipment 6.5 15.2 17.4
Transport equipment 9.8 9.8 19.5
Other manufacturing industries 7.1 14.3 0.0
Rubber and plastic products 4.1 6.1 8.2
Medical, optical and precision instruments 0.0 20.0 0.0

(continued)
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Table A.5 (continued)

Coop with S&T Coop with other ~ Coop with other

institutions firms firms of the group
Brazil
Food, beverage and tobacco 2.8 5.6 1.3
Textiles and apparel 11 2.9 0.2
Footwear and products of leather 4.6 6.4 04
Wood and paper 1.0 2.3 04
Edition and impression 0.9 2.3 0.6
Oil and oil derivatives 8.3 4.4 55
Chemicals 7.3 14.4 35
Pharmaceutical products 12.6 12.4 21
Non metallic minerals 7.0 7.5 1.6
Metallic products 1.8 4.8 0.4
Machinery and equipment 4.8 8.5 1.3
Electronic and electrical equipment 6.5 5.8 5.2
Transport equipment 4.6 12.7 49
Other manufacturing industries 6.2 6.8 1.5
Rubber and plastic products - - -
Chile
Food. beverage and tobacco 4.4 5.3 3.6
Textiles and apparel 2 3.1
Footwear and products of leather 24 24
Wood and paper 3.8 5.7 5.7
Edition and impression 8 8
Oil and oil derivatives 10 10 10
Chemicals 8 8.7 6.5
Pharmaceutical products 0 0 0
Non metallic minerals 3.8 45 25
Metallic products 5 5 5
Machinery and equipment 2.7 5,4 4,1
Electronic and electrical equipment 2.4 4.8 4.8
Transport equipment 2 4 2
Other manufacturing industries 4.4 6.7 6.7
Rubber and plastic products 21 4.1 21
Medical. optical and precision instruments 59 11.8 0
México
Food. beverage and tobacco 4.6 26.4 n.d
Textiles and apparel 5.0 5.0 n.d
Footwear and products of leather 16.7 16.7 n.d
Wood and paper 0.0 17.1 n.d
Edition and impression 0.0 8.3 n.d
Oil and oil derivatives 0.0 27.3 n.d
Chemicals 6.1 10.2 n.d
Pharmaceutical products 9.5 14.3 n.d
Non metallic minerals 3.3 23.3 n.d
Metallic products 43 19.1 n.d
Machinery and equipment 3.8 19.2 n.d
Electronic and electrical equipment 5.7 17.0 n.d
Transport equipment 3.6 39.3 n.d
Other manufacturing industries 6.7 6.7 n.d
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Table A.5 (concluded)

Coop with S&T Coop with other Coop with other

institutions firms firms of the group

Rubber and plastic products 4.2 25.0 n.d
Medical. optical and precision instruments 0.0 5.6 n.d
Uruguay

Food. beverage and tobacco 10.7 2.7 4.7
Textiles and apparel 16.1 0.0 0.0
Footwear and products of leather 8.3 16.7 8.3
Wood and paper 0.0 0.0 0.0
Edition and impression 45 0.0 4.5
Oil and oil derivatives 0 0.0 0.0
Chemicals 238 4.8 14.3
Pharmaceutical products 21.7 8.7 8.7
Non metallic minerals 0.0 0.0 14.3
Metallic products 0.0 0.0 0.0
Machinery and equipment 10.0 5.0 5.0
Electronic and electrical equipment 0.0 0.0 7.1
Transport equipment 20.0 6.7 13.3
Other manufacturing industries 0.0 0.0 0.0
Rubber and plastic products 6.3 12.5 0.0
Medical, optical and precision instruments 33.3 0.0 0

Source: Own elaboration.

149



