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a  b  s  t  r  a  c  t

As  the  economies  and  indigenous  technological  capabilities  of  the new  industrialized  countries  improve,
national  universities  and  public  research  organizations  are expected  to become  increasingly  important
for  supporting  indigenous  firms  to move  into  more  dynamic  and  high-opportunity  industries.  However,
the  characteristics  of  collaboration  with  universities  may  be  very  specific  depending  on  whether  the
industry  partner  is  engaged  in  mature  or  emergent  activities.  In  this  study,  we  explore  and  discuss  the
role of  university–industry  collaboration  for  the  development  of innovation  in  mature  and  emergent
industries  in  new  industrialized  countries.  Evidence  from  24  research  groups  in science  and  engineering
departments  in  universities  and  public  research  organizations  in  Brazil  provides  preliminary  empirical
corroboration  for the  proposal  that  the  contexts  and  role  of  university–industry  collaboration  in  mature
and emergent  industries  are  diverse.  Knowledge  networks  are  underdeveloped  in  emerging  industries,

and public  support  for research  projects  is  dispersed.  This  means  that  university  research  and  devel-
opment  projects  with  firms  in  emergent  industries  are  less  likely  than  projects  with  firms  in mature
industries  to be the  result  of academic  initiatives  and  public  calls  for research  projects,  or  to be  wholly
financed  by  major  public  research  sponsors.  In emergent  industries,  the  role  of students  and  firm  employ-
ees is crucial  for  mediating  between  public  research  organizations  and  companies.  The  policy  implications
of  these  preliminary  findings  are  discussed.
. Introduction

Newly industrialized country (NIC) governments are increas-
ngly focused on fostering science–industry interactions and
eveloping high-technology sectors (OECD, 2010; Gouvea and
assicieh, 2005). Policy-makers in both developed economies and
ICs have been concentrating on designing policies aimed at rais-

ng the quality of Public Research and Education Organizations
PREOs) research and training programmes, to make their role more
ntrepreneurial and of more benefit to national economic devel-
pment, and to support the growth of high-technology activities
Eun et al., 2006; Wong et al., 2007). As the economies and indige-

ous technological capabilities of NICs improve, national PREOs
re expected to become increasingly important for supporting
ndigenous firms to move into more dynamic and high-opportunity
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industries (Mathews and Hu, 2007; Mazzoleni and Nelson, 2007).
However, the innovation environments in mature and emergent
industries differ considerably in terms of their market and tech-
nology turbulence, knowledge input characteristics, main search
strategies for innovation inputs, role of networking, and collabora-
tion for innovation development (Utterback and Abernathy, 1975;
Tushman and Anderson, 1986; Robertson and Patel, 2007; von
Tunzelmann, 2009). The characteristics of collaboration with uni-
versities may  be specific to whether the industry partner(s) belongs
to a mature or an emergent industry.

There is an extensive body of literature on university–industry
collaborations and some of these studies examine cross-sectoral
and disciplinary differences in the patterns of knowledge trans-
fer between university and industry in developed countries and
NICs (e.g. Bekkers and Bodas Freitas, 2008; Dutrénit and Arza,
2010). However, to our knowledge, no work has been published
on whether and how the establishment, content and organiza-
tion of university–industry collaborations differ between emergent

and mature industries. The present study tries to fill this gap. Its
main objective is to provide preliminary empirical evidence on
the specificities of university–industry relationships in mature and
emergent industries in Brazil, one of the most important NICs.
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On the one hand, PREOs are often key actors in the process
f industrial technological development and catch-up in specific
ndustrial sectors (Mazzoleni, 2008). They can support the develop-

ent of national technological capabilities and catch up, through
he provision of training for scientist and engineers, support for
ersonnel exchanges involving international researchers, experts
nd students, access to international research networks and new
echnologies, and advanced knowledge and skills in relevant sci-
nce and engineering fields (Pavitt, 1998; Robertson and Patel,
007). PREOs can provide support and advice to firms and govern-
ents on how to develop and employ technologies and avoid direct

nfringement of foreign Intellectual Property Rights (IPR) (Gouvea
nd Kassicieh, 2005; Mazzoleni and Nelson, 2007).

On the other hand, national institutional environments can pro-
ide incentives for firms active specifically in emerging and in
ature industries and influence their performance. In particular,

hesbrough (1999) and Gittelman (2006) provide evidence of how
he US institutional environment supports the development of new
igh-tech firms in biotechnology industry, and how the French and
he Japanese institutional environments encourage the exploita-
ion of the new market opportunities by large established firms in
he pharmaceuticals industry.

The design and implementation of appropriate science and
echnology policies requires information about the context and
haracteristics of existing university–industry collaboration, and
n understanding, especially, of the specificities of PREO-industry
nteraction in both mature and emergent industries. Employing the
ECD’s best practice in relation to technology transfer (e.g. creation
f university Technology Transfer Offices (TTOs), definition of IPR,
upport for university spin offs) might be less effective for support-
ng university–industry collaboration and the growth of national
igh-technology sectors in NICs (OECD, 2005; Mowery and Sampat,
005).

Given the scarce empirical evidence, especially in the case of
ICs, this paper should be seen as a first step towards understand-

ng whether and how the characteristics of university–industry
nteractions in mature and emergent industries differ, and as
roviding preliminary evidence to guide managers, and sci-
nce and technology policy makers in NICs. The present study
ocuses on Brazil, where since 2003 policy has been aimed at
mproving national technological capabilities and supporting the
evelopment and growth of high-technology industries (Brazilian
overnment, 2003; Gouvea and Kassicieh, 2005).

Using data from semi-structured, face-to-face interviews with
 sample of 24 coordinators of research departments in science
nd engineering faculties in universities, and in public research
rganizations, first, we analyse the context of science–industry
ollaboration, i.e. the motivations for, goals, main barriers to and
acilitators of such collaboration in Brazil. Second, we  examine the
rganizational changes undertaken by PREOs to promote improve

entrepreneurial attitudes’ among academic researchers. Third, we
xplore the specificities of university–industry collaboration in
mergent and mature industries.

Our study contributes to the literature on the economics of
nowledge transfer by highlighting differences in the forms and
bjectives of university–industry interaction in emergent and
ature industries, and by providing preliminary evidence that cer-

ain knowledge transfer mechanisms are particularly crucial for
ediating PREOs and firms in emergent industries.
The paper is organized as follows. Section 2 reviews the

xisting knowledge, and develops expectations about the char-
cteristics and role of university–industry interactions in mature

nd emergent industries. Section 3 examines the specific insti-
utional context of university–industry collaboration in Brazil.
ection 4 presents the data and methodology used in this study.
ection 5 discusses the motivations, object of and barriers to
 Policy 42 (2013) 443– 453

university–industry collaboration in Brazil, and the organizational
changes implemented in PREOs to facilitate research cooperation
with industry. Section 6 contrasts the characteristics of university
projects involving firms active in emergent and in mature industrial
and technological sectors. Section 7 discusses the policy and man-
agement implications of the preliminary findings and concludes the
paper.

2. University–industry interaction and the technological
challenges in mature and emergent industries

In this section, we  review the differences between mature and
emergent industries in terms of the process of building industrial
innovative capabilities, and discuss and develop expectations about
the specific role of the university in the development of techno-
logical and innovative capabilities in industry, in light of these
differences.

The innovative environments of mature low and medium tech-
nology industries and emergent high-technology industries differ
considerably in terms of market and technology turbulence, and the
characteristics of knowledge inputs. Consequently, search strate-
gies for innovation inputs, the role of networking and collaboration
for innovation development, and eventual innovative outputs also
differ (Utterback and Abernathy, 1975; Tushman and Anderson,
1986; Strebel, 1987; Eisenhardt and Martin, 2000).

The emergent industry environment is characterized by strong
competition in technology and product developments and strong
market turbulence. As industries mature, and a dominant industry
design emerges, technological uncertainty decreases and com-
petition increasingly is based on cost, and incremental product
innovations (Utterback and Abernathy, 1975; Strebel, 1987). Thus,
technologies and markets evolve more quickly in emergent than
in mature industries (Eisenhardt and Martin, 2000), but there is no
evidence that innovation is more frequent in the former compared
to the latter (McGahan and Silverman, 2001; Robertson and Patel,
2007).

Also, the types of knowledge inputs required for firms’ innova-
tion development, ways of accessing knowledge sources, and the
results of firms’ innovative efforts may  be quite different across the
industry lifecycle. Tacit and disembodied knowledge would seem
particularly important for innovative activity in the early stages
of the industry lifecycle and, consequently, personal contacts (i.e.
telephone calls, participation in meetings, demonstrations) may be
decisive for knowledge transfer (Audretsch, 1998; Mangematin and
Nesta, 1999; Furman and MacGarvie, 2009). Furman and MacGarvie
(2009) show that in the early years of the US pharmaceutical
industry, US universities supported the development of firms’
research and development (R&D) labs via training of scientific and
technical staff and collaborative research. Given the importance
of disembodied knowledge and personal contacts for innovative
activity, geographic proximity often characterizes emergent indus-
tries (Prevenzer, 1997). In the early stages of an industry life cycle,
new knowledge inputs and resources, such as university research,
may enhance the agglomeration of innovative activity, while the
new knowledge embodied in skilled workers favours clustering
in all phases of the industry cycle (Audretsch and Stephan, 1996;
Audretsch, 1998). Regardless of the characteristics of the knowl-
edge, however, low absorptive capacity makes firms reliant on
personal contacts (and thus proximity) to absorb external codified
knowledge not related to its core competencies (Eisenhardt and
Martin, 2000; Mangematin and Nesta, 1999).
In mature industries, firms tend to rely on embodied and
codified knowledge to innovate (Robertson and Smith, 2008).
Consequently, innovation development and maintenance of com-
petitive advantage mainly involve the fusion of new and old
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echnologies, which is a demanding problem-solving activity
Robertson and Patel, 2007; Freddi, 2009). In other words, inno-
ation entails a development and problem-solving exercise of
daptation of new sophisticated technologies to the firm’s mar-
et and technical competencies (Freddi, 2009; von Tunzelmann,
009). Technology diversity seems to be a characteristic mainly of
rms in mature industries (Granstrand et al., 1997; McGahan and
ilverman, 2001).

Mature and emergent industries may  differ also in their pat-
erns of search for the knowledge and resources required to
nnovate. Grimpe and Sofka (2009) show that in high-technology
ectors, firms search technological knowledge from universities
nd/or suppliers; while in mature industries, firms acquire mar-
et knowledge from customers or competitors. Robertson and
mith (2008) argue that, in mature industries, market knowledge
rovides the framework for the recombination and creation of
nowledge through problem solving, via a range of activities and
&D.

Networking and collaboration may  play different strategic roles
n the development of innovation over the industry lifecycle. In

ature industries, innovation involves the ‘management of knowl-
dge bases distributed across a set of agents and institutions’
Robertson and Smith, 2008: 100; von Tunzelmann, 2009). In other
ords, firms need to rely on external knowledge sources for the
evelopment of non-core technologies (Pavitt, 1984; Morrison and
abellotti, 2007; Grimpe and Sofka, 2009). In emergent indus-
ries, networking and collaboration may  be crucial for accessing
esources and searching for knowledge inputs (i.e. disembodied
nowledge on science and technological development and market
nformation) to develop specific new technologies and products
Powell et al., 1996; Koumpis and Pavitt, 1999).

In sum, as emergent and mature industries seem to differ in
erms of the characteristics of the innovation development pro-
ess rather than the level of the innovative activity, collaboration
ith universities may  have specific characteristics depending on
hether the industry partner is involved in mature or emer-

ent activities.1 In mature industries, firms usually engage in
requent collaboration with universities to enlarge their general
nowledge base and facilitate higher levels of technology integra-
ion with embodied knowledge. Also, since in mature industries
roduct technologies and process technologies tend to over-

ap less (Granstrand et al., 1997; von Tunzelmann and Acha,
005), PREOs are more likely to be able to support complex
roblem-solving related to the blending of new and old tech-
ologies and, consequently, to the development of new processes.
ence, university–industry collaboration is expected to be initiated

hrough contacts with established knowledge and actor networks,
nd to focus on the manipulation of codified knowledge to produce
ew technical devices and instruments (Utterback and Abernathy,
975; Tushman and Anderson, 1986; Mangematin and Nesta, 1999;
orrison and Rabellotti, 2007; Robertson and Smith, 2008).
In emergent industries, cooperation with universities is more

ften aimed at enhancing new knowledge development. Firms
re more likely to collaborate with universities to access new

nowledge developments and obtain scientific support for new
roduct development (Powell et al., 1996; Lee, 2000). It is likely
hat this collaboration will be based on new and informal contacts

1 The ability efficiently to engage in and exploit collaboration with universities
eems to be limited to firms with high research and organizational absorptive
apacity, and especially companies active in high-technology and science-based
ndustries (Fritsch and Lukas, 2001). The more basic the knowledge, the higher
he  absorptive capacity and learning investment required of firms to absorb the
nowledge, regardless of the knowledge transfer channels (Eisenhardt and Martin,
000).
 Policy 42 (2013) 443– 453 445

with employees and students playing important roles (Lam, 2005;
Balconi and Laboranti, 2006; Furman and MacGarvie, 2009). In
terms of their objectives and organization, university–industry col-
laboration may  be more likely to focus on the use of disembodied
knowledge and involve research students and to a lesser extent
spin-offs creation (Powell et al., 1996; Koumpis and Pavitt, 1999;
Lam, 2005), and its outcomes to be in the form of new instru-
ments, technical devices and eventually patents and publications
(Koumpis and Pavitt, 1999; Mangematin and Nesta, 1999; Furman
and MacGarvie, 2009).

Starting from the evidence in the literature, the present study
investigates whether and how university–industry collaboration in
emergent high-technology sectors differs from university–industry
collaboration in mature sectors. We  focus on the case of Brazil and
in Section 3 examine the scientific, technological, collaborative and
institutional university–industry contexts in that country.

3. Context of university–industry collaboration in Brazil

This section provides the background for the empirical research.
In particular, we  map  the context of university–industry collab-
oration in Brazil, relying on secondary sources such as scientific
publications, policy reports and national and international statis-
tics. We  start by providing some essential details on the recent
evolution of scientific, technological and industrial performance in
the Brazilian economy. We  analyse average levels and patterns of
firm interaction with PREOs for innovation development, and the
institutional set up in Brazil highlighting the evolution of the legal
and policy aspects of university–industry collaboration.

3.1. Science and technology and competitive performance

From the 1970s to the early 1980s, there was  a significant shift
in Brazil’s revealed comparative advantage from primary goods to
consumption goods and basic manufacturing. This situation then
gradually reversed, and in the late 1990s it became more profitable
to produce and export agricultural goods and raw materials than
industrial goods, although Brazil was also ‘exporting sophisticated
industrial products, such as road vehicles, and aircrafts’ (OECD,
2001: 142–143).

Brazil currently has good technological competences in some
high and medium-high technology industries. It is close to or at
the global innovation frontier in agriculture, biomass (ethanol),
aeronautics and electric motors (Dahlman and Frischtak, 2005;
Knight and Marques, 2008). Those industries that are at a long
way behind the global innovation frontier include electronic instru-
ments and information and communication technology equipment
and related capital goods, chemical products (mainly fine chem-
icals), and pharmaceutical products (OECD, 2001; Dahlman and
Frischtak, 2005).2

Despite Brazil’s fairly good performance in some high-
technology industries, during the 1990s, there were small shifts in
the sectoral composition of its exports, and stagnation (decrease)
in export performance, in contrast to China, Malaysia and Thailand
(Montobbio and Rampa, 2005). Brazil also lags behind other NICs in
terms of science and technology inputs and scientific and inventive
outputs (MCT, 2002; OECD, 2005).
In 2000, Brazil spent 1% of its GDP on R&D, only slightly less than
China (1.29%) and Russia (1.24%), and more than India (0.8%) (MCT,
2002; OECD, 2005). In 2008, Brazil spent 1.13%of its GDP on R&D,

2 The sectors at a moderate distance from the word frontier are agricultural
machinery, buses, trucks and compact cars; auto parts and white goods (cooking
stoves, refrigerators, washing machines, etc.); software (financial, administrative
and security); and cosmetics.
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hich was as much as Russia, but less than China (1.49%) (MCT,
009). Despite higher spending on public R&D (53.5% in 2008) than
usiness research, 99.2% of Brazilian R&D expenditure is in civil
ather than military areas.

By the early 2000s, over half of China’s scientists and engineers
ere employed in enterprises, which was a considerable change

rom the early 1990s when most of China’s R&D workers were
mployed in public research institutes. In Brazil, however, around
0% of its R&D is conducted in PREOs (MCT, 2002, 2009; OECD,
005). This concentration of research in PREOs rather than private
rms, and Brazil’s poor adaptation of public research funding and

nstitutions to support growth in high technology opportunity sec-
ors, combined with poor university–industry links, is often seen as
he main cause of the stagnation in Brazil’s export structure (MCT,
002; OECD, 2005).

In terms of inventive output, Brazil registered 53 and 88 new
atent applications in 1980 and in 1990 respectively, with the US
atent and Trademark Office (USPTO). This compares with China’s

 and 111. In 2007, registered patents for Brazil, China and Russia
ere respectively 385, 4,422 and 443 (MCT, 2009). Brazil also has

ewer patents registered in national offices per unit of GDP com-
ared to the developed countries (IBGE, 2003). Among the BRICS
i.e. Brazil, Russia, India, China and South Africa), foreign owner-
hip of domestic patents is lowest in Brazil (35%), followed by Russia
60%), China (50%) and India (40%) (OECD, 2005).

For scientific output, in 2002 Brazil was ranked 17th for number
f ISI published papers (China 6th, Russia 9th, India 13th). Between
001 and 2006, Brazil and China rose two places in this ranking
nd India went up by one place, while Russia lost five places (MCT,
009). With 1.5 researchers per 1000 active habitants, Brazil lags
ehind some other NICs for numbers of scientists and engineers
MCT, 2002, 2009).

Although Brazil is a relative laggard in terms of science and
echnology inputs and outputs, large multinational firms already
n Brazil refer to the quality and framework of their interac-
ions with universities as the main reason for their willingness
o increase their investment in R&D in Brazil (ABDI and ANPEI,
007). The ABDI and ANPEI (2007) study surveyed 48 multinational
rms located in Brazil, in the automotive, information technology,
hemistry, pharmaceutical, metallurgy, energy/electricity, elec-
ronics and telecommunications, food, hygiene, capital goods,
emiconductors, and aluminium and metals industries. A major-
ty of respondents (49%) were subsidiaries of US multinationals,

ith French (10%), Japanese (6%), and others nationalities mak-
ng up the remainder. Almost all interviewed firms (96%) had R&D
nvestments in Brazil: 80% of these activities were related to the
evelopment of new products, processes and services, and 20%
ere devoted to research, 69% of which was experimental develop-
ental research, 18% was applied research and 13% was research

n adaptations to products for the Brazilian market.

.2. The innovative activity of Brazilian firms and their
ollaboration with universities

According to the 2003 and 2005 Brazilian PINTEC innovation
urveys, the innovative capability of Brazilian industry is quite high,
0% of firms had developed a new product, 27% had developed a
ew process and 13% had developed both types of innovation (IBGE,
005).

In 2003–2005, some 7% of innovative manufacturing firms (4%
n the period 2001–2003) had cooperated with other organizations
o innovate. For over a third (38%) of firms that cooperated for

nnovation, the innovation partner was a university. Most univer-
ity collaborations were for R&D and product testing rather than
echnical assistance, industrial design, or other activities (IBGE,
003, 2005). Collaboration with Brazilian universities is particularly
 Policy 42 (2013) 443– 453

important for the coke and oil, metals, electronic equipment,
instruments, machinery, chemicals, pharmaceutical, and printing
industries.

Universities are an important source of information for indus-
trial innovation processes: 5% of innovative firms find university
knowledge important and 5% rate it very important. Universities
are a particularly relevant source of knowledge for the pharmaceu-
ticals, electronic equipment, instruments, chemicals, automobile,
oil and coke, metals and beverages industries (IBGE, 2003, 2005).

In relation to public support for innovation, around 20% of inno-
vative firms receive some type of public support, and 1% received
public support for collaboration with universities (IBGE, 2003,
2005). The share of innovative firms receiving public support for
collaboration with a university is particularly high in the electronic
equipment, machinery, metals, pulp and paper, coke and oil, phar-
maceuticals, and transport equipment sectors (IBGE, 2005).

Firms in mature sectors (such as coke and oil, metals, pulp
and paper) show high rates of collaboration with many external
partners, including universities, and the highest levels of access to
public financial support for collaboration with academia (PINTEC,
2003, 2005). This may  be related to the fact that, historically, these
industries played an important role in Brazil’s catching-up process
(OECD, 2001; Dahlman and Frischtak, 2005).

3.3. The evolution of policy measures supporting
university–industry collaboration

The science and technology infrastructure in Brazil developed
alongside the country’s industrialization process, especially after
the 1940s. Following the establishment of the older universities in
the late 1920s and 1930s, research institutes were set up to resolve
technical problems in different technological areas in the 1940s. In
the 1950s the national research council was created and provided
support for scientific and technological development and promoted
Brazil’s industrialization through the transfer of new technologies.
In the 1960s, additional institutions and administrative resources
were added and in 1985 the Ministry of Science and Technology
was created (Velho and Saenz, 2002; MCT, 2010). The presence of
these institutions notwithstanding, the centrality of innovation in
industry and competition policies, and the emphasis on technology
transfer in science and technology policies is a relatively recent phe-
nomenon (Velho and Saenz, 2002; Dagnino and Gomes, 2003). In
2003, industrial innovation became an explicit government objec-
tive supported by the launch of Brazil’s Industrial, Technological
and Trade Policy (PITCE). The 2008 White Paper on Industrial Pol-
icy for the Development of Production strengthened government
support for industrial innovation. In 2007, the Science and Technol-
ogy Plan (PACTI) stressed the importance of creating public support
for innovation in industry, and an increased role for universities in
this process (Silva and Oliveira, 2007; Erawatch, 2009).

With regard to technology transfer activities, public incen-
tives for university–industry collaboration through public research
sponsors were introduced in the 1970s in the form of collabo-
rative Masters and Doctoral projects. During the 1970s, public
support for university–industry collaboration was focused on
the metals industry, but was later extended to such industries
as agriculture, offshore petroleum exploration and aeronautics
(FINEP, 2005). Since the 1980s, and especially in the 1990s, pub-
lic support for university–industry collaboration has grown hugely
(Velho and Saenz, 2002) and in the 2000s, public support for
university–industry collaboration in high-technology sectors is
being encouraged in part because it is focused on firms’ value chains

rather than branches of activity (FINEP, 2005; Silva, 2007).

Government’s efforts to facilitate the institutional set up of
university–industry collaboration, which dates back to the 1970s,
has been strengthened. In 2001, the Innovation law set the general
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egulations for the IPR on the results of government financed
esearch, for shared infrastructures, and for mobility of researchers
rom the national state universities and research centres to the pri-
ate sector (Invernizzi, 2005). In November 2005, Law 11.196,  21,
nown locally as the Good Law (Lei do Bem) provided for large finan-
ial incentives to firms (tax deductions) for private investment in
nnovation, contracting of doctoral students, and filing of patents,
mong other things (MCT, 2009).

In sum, despite its overall good industry innovation perfor-
ance, Brazil is lagging behind in scientific and technological

utputs, its export performance is stagnant, and in some medium
nd high-technology industries levels of competitive and techno-
ogical advantage are low. Brazil’s policy-makers are concerned

ith supporting the development of technological and innova-
ive capabilities in national firms, growing the high-technology
ndustries, and involving PREO in the achievement of these goals.
ome OECD best practice in providing incentives for industry R&D
nd interaction with universities have been adopted. The critical
ssues are the motivations for, and objectives and organization of
niversity–industry cooperation since it is seen as an important
eans to foster innovation performance and increase the market

ompetitiveness of Brazilian industry, especially in the emergent
echnology-intensive sectors.

. Method

The objective of our research is to examine whether and how
niversity collaboration with emergent and mature industries
iffer in Brazil. The analysis needs to be contextualized. Hence, we
lso analyse academics’ motivations and the barriers to collabora-
ion with industry generally, and PREO policies to foster collabora-
ion with industry, and the reactions of academics to these efforts.

For the empirical part of the analysis, between April and August
007, we carried out semi-structured face-to-face interviews with
he coordinators of 24 research groups at various universities and
REOs, in several different scientific and engineering areas. We
onducted eight interviews with research departments in Physics,
even in Chemistry, six in Engineering, and three in Mathematics.

Interviewees were asked to provide some general information
n their department and its relationships with industry. They were
lso asked for specific and detailed information on one current or
ecently completed collaborative project with industry. Since the
nterviews were semi-structured this allowed us to collect infor-

ation on the characteristics of research departments (i.e. size,
taff, papers, patents), their collaborations with industry (i.e. objec-
ives, forms of research management, facilitators and barriers), and
he organizational efforts of PREOs to support collaboration with
ndustry. We  collected detailed information for one specific project
onducted in collaboration with industry, for each research depart-
ent. This included information on origin, form of management,

nancing and output (Bozeman, 2000; Bercovitz and Feldman,

006).

To categorize projects into emergent and mature industries, we
ocused on the activities of participating firms rather than on the
roject objectives. However, this classification is not perfect. For

able 1
anking of the motivations of PREO to collaborate with industry.

Motivations 

Average order of importance of
motivations to collaboratea

Development and transfer o
Development of new knowl
Access research funds
Support the innovative capa

a Research coordinators were asked to identify by order of importance the main motiv
 the least important.
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example, several authors argue that there is no match between
products and technologies and for this reason categorization of
industries into high-technology and low-technology is problematic
(i.e. firms operating in low technology industries also use sophis-
ticated technologies) (Granstrand et al., 1997; von Tunzelmann
and Acha, 2005; von Tunzelmann, 2009). However, the combina-
tion of old and new technologies seems more relevant for mature
industries, as discussed in Section 2.2, while the search for new
knowledge bases seems more applicable to emergent industries
(McGahan and Silverman, 2001; Freddi, 2009). Therefore, we clas-
sify emergent industry projects as those where the main activity
of the participating firm is related to the production of science-
based technologies and products (i.e. new industries) and mature
industry projects as those where the participating firm was  not the
producer of the technologies but the ‘knowledgeable’ user of the
technologies (i.e. firms active in long established industries that are
identified by national and international statistics, Robertson and
Patel, 2007).

Of the 24 collaborative projects surveyed 10 involved firms
active in emergent industries, i.e. firms involved in the production
of information technology (3), biotechnology (5) or nanotechnol-
ogy (2) and products. Among the projects with mature industries,
five projects involved firms in the oil industry (two with Mathemat-
ics departments), three involved equipment and machinery firms;
two involved chemical firms; one was with a firm in the textile
industry, one with a firm in the electricity sector, and one was  with
a telecommunications firm.

Using the information collected from the interviews, in
Section 5, we examine the specificities of PREO collaboration
with industry. We  examine the motivations and objectives of,
the barriers to and the facilitators of university–industry collab-
oration. We  analyse the auxiliary services provided by PREOs to
promote researchers’ collaboration with industry, and the views of
researchers on the effectiveness of those services. Section 6 focuses
on one specific collaborative project in each research department.
We explore the differences in promotion, finance, objectives and
outcomes between projects undertaken with firms in emergent
industries and those undertaken with firms in more mature indus-
tries. The main part of the analysis is based on qualitative data on
the characteristics of emergent and mature collaborative projects,
reported by research department coordinators, complemented
by the results of cross tabulations, ranked Spearman’s correlation
coefficients and Mann–Whitney non parametric T-tests in order to
further highlight the qualitative findings reported in the text.

5. University–industry collaboration in Brazil

5.1. Researchers’ perceptions of the motivations for and barriers
to collaboration with industry

Table 1 ranks of the main motivations for research departments

that engage in collaborations with industry. A higher loading indi-
cates a less important motivation.

Development and transfer of new technology and development of
new knowledge were the main motivations for collaborating with

Average ranking

f a new technology 1.33◦

edge 1.38◦

1.75◦

city of the firm 2.04◦

ation to collaborate with industry. Being 1 the most important motivation and the
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Table 2
Most common objectives of PREO collaboration with industry.

Common collaboration
objectives

Share of interviewees
that cite them

The three most common
collaboration objectives

Development of a new
product

0.8333

Development of a new
process

0.6250

Providing services/use
of equipment

0.5000

Training of firms’
employees

0.4167
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Improved process 0.1667
Improved product 0.1667

ndustry identified by the research departments we surveyed. Sup-
ort for the innovative capabilities of national firms was seen as the
east important reason for collaborating on with industry, reflecting
he presence of an academic bias towards scientific developments.

The ranking of the motivations to collaborate with industry
eflects the objectives of university–industry collaboration. Table 2
hows that the most common objective of collaboration with indus-
ry is the development of a new product or process and that
mprovement to an existing product or process is a very poor moti-
ation for university–industry collaboration.

We  asked research coordinators, based on their experience of
ooperation, to categorize different factors into barriers to and/or
acilitators of university–industry collaboration. Table 3 reports the
umber of research departments that identified each factor as a
arrier to or a facilitator of collaboration with industry.

Proximity, public research sponsorship, TTOs and other orga-
izations supporting knowledge transfer, and tax incentives, were
een as facilitators of university–industry collaboration while high
echnical uncertainty, bureaucracy imposed by the sponsor, the
ime required by the firm, and the long-time frame of collabora-
ive projects were seen as barriers to the completion and success
f collaborative research projects.

It is interesting that ownership of project results and univer-
ity support for project management are grey areas given that

 similar number of departments rated them as enhancing and
nhibiting university–industry collaboration. The issue of owner-
hip of collaborative project results can affect PREOs’ research
ctivity because researchers may  need to delay publications and
omply with specific disclosure procedures. On the other hand, it
ay  produce additional remuneration. Researchers often receive

ssistance from PREO administrations or TTOs for dealing with the
ontractual side of collaborations. However, these services may  not

t fully the needs and routines of researchers. In the next sub-
ection, we analyse the incentives created by PREOs for academic
ntrepreneurship.

able 3
actors recognized as barriers or facilitators of collaboration with industry.

Facilitators Barriers

Location of the university (proximity) 18 2
Public research sponsoring 17 4
TTOs and similar offices 15 6
Tax  incentives 10 5
Administrative support to project management 10 7
Ownership of project’s results (patents) 8 11
Long-term projects 4 12
Time required by the firm 2 11
Uncertainty 0 13
Bureaucracy 0 20

ote: Total of 24 research coordinators interviewed. The table reports only the
umber of respondents for which these factors were recognized as barriers or as

acilitators. The remaining did not find them to influence the collaboration.
 Policy 42 (2013) 443– 453

5.2. Institutional incentives for academic entrepreneurship and
interaction with industry

In order to understand the institutional efforts involved in
organizational change in PREO to facilitate university–industry
collaboration, we asked research coordinators to identify
whether their organizations provided lists of services to sup-
port university–industry collaboration, and whether these services
addressed the main barriers to university–industry collaboration.
Fig. 1 shows the number of PREOs that offer specific support for
collaboration with industry, the number of respondents that rated
provision of these services as important to overcome the barriers
to collaboration, and the number of respondents that had not
benefited from these services, but acknowledged their value.

Responses suggest that the most common services available to
university researchers are related to the contractual and financial
aspects of university–industry interaction: legal advice; procedures
for acquiring materials/equipment; financial monitoring and con-
trol; drawing up the contract; keeping accounts. These contractual
and financial services are recognized as supporting collaboration
with industry and overcoming the barriers identified. Services
such as screening of R&D sponsorship available for industry col-
laboration, development of industrial contacts, and management
of collaborative projects are provided by more than half of the
organizations surveyed. Establishment and management of industry
collaboration are not always seen by the beneficiaries of knowledge
as facilitating its transfer; however, researchers in organizations
that did not offer these services acknowledged their importance
for overcoming certain barriers.

Personal and professional incentives and help in diffusing research
to industry are not widely offered by PREOs in Brazil. However,
university researchers consider that the provision of services to
improve industry awareness of university research and professional
incentives for collaboration would encourage higher levels of coop-
eration.

Advice on patenting is rarely available and was  ranked lowest
among the services that might help address the barriers to collabo-
ration with industry. This perhaps is related to the passing in 2001
of the Innovation Law, which set the rules for IPRs on the results
of government financed research. Thus, there is an automatic legal
framework for IPRs issues related to government funded research.

Overall, our evidence suggests that university–industry collab-
oration focuses more often on the development of new products
and processes than improvements to existing ones or the provi-
sion of services. Brazilian academics’ collaboration with industry is
related mainly to the development and transfer of new technology
and new knowledge. The length and technological uncertainty, and
the bureaucracy related to conducting projects were the most fre-
quently cited barriers to collaboration with industry, while direct
and indirect public support and, and to a lesser extent TTO sup-
port were ranked highest for supporting collaboration. Studies in
developed countries, mainly European countries and the US, report
similar motivations for and similar barriers to university collabo-
ration with industry (Lee, 2000; Hall et al., 2001; Lam, 2005).

The evidence from this study suggests also that, following trends
in the OECD countries, most Brazilian PREOs have introduced incen-
tives for industry collaboration through the provision of contractual
and financial advice and services, both of which are highly val-
ued by researchers. Most PREOs provide some services to support
the establishment and management of industry collaboration. These
are seen only as facilitating researchers’ interaction with indus-
try by; the researchers that do not benefit from them directly.

Despite fairly good provision of auxiliary management services,
Brazilian PREOs generally have been slow to provide services to
address information and contact gaps between industry and uni-
versities. Research coordinators would welcome the introduction
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Fig. 1. The offer of supporting servi

f services to raise industry awareness about university research,
nd to map  industry’s technological capabilities and needs. More-
ver, they claim the revision of the career rules in order to create
ncentives to collaborate with industry, and argue that the delay
n adapting the incentive system of PREOs is a major barrier to
ollaboration with industry.

. University–industry collaboration: what are the
ifferences in projects established with firms in emergent

ndustries?

To achieve a more rounded view of the process of
niversity–industry cooperation, we asked research depart-
ent coordinators to identify a specific collaborative project and

escribe its design and main results.3 Ten of the 24 projects ana-
ysed involved firms in emergent industries: 5 in biotechnology, 3
n information technology and 2 in nanotechnology. Our analysis
f the differences between projects involving firms in emergent
nd mature industries yielded some interesting results. Table 4
eports the number of projects that addressed listed objectives,
he origins of the collaborative projects, funding sources, and
utputs, for the whole sample and for the sub-sample of projects
ndertaken with firms in emergent industries, along with the
espective non-parametric Spearman’ correlation coefficients and
he results of Mann–Whitney T-tests.

In relation to project objectives, from the full sample of 24

rojects, new product development applied to 14 projects and new
rocess development for 10 projects. Four projects were aimed at
he development of a new product and a new process, of which
hree were undertaken by Chemistry research departments. Only

3 It could be argued that departmental characteristics affect the likelihood of
ngaging in collaboration with emergent industries. In this study, we  analyse the
ifferences in the content and organization of projects undertaken with firms in
mergent and in mature industries, rather than how the different characteristics
f  the research departments involved influence the likelihood of their collabo-
ating with firms in emergent industries, which would require different data and
ethod. Out of curiosity, we  examine the correlation between some department

haracteristics and reporting a project with an emergent industry firm. In terms of
ear of foundation of the department, number of researchers and number of on-
oing collaborative projects with industry, departments that identified a project
ith an emergent industry do not differ from those that reported a project with a
ature industry. However, they differ for number of patents issued and licensing

greements. Departments with a smaller number of patents and larger numbers of
icensing agreements were significantly (10%) more likely to describe a collabora-
ion with a firm in an emergent industry. Also, a larger share of collaborative projects
ith emergent industries was  reported by Physics, with Engineering departments

eporting significantly fewer.
 university–industry collaboration.

three projects focused on improvements to existing processes. For
the sub-sample of projects undertaken with firms active in emer-
gent industries, the objective of a collaboration was  less likely to
be an improved process and to a lesser extent the development of
a new process. Relatively more projects with firms in emergent
industries are aimed at the development of a new product and
training of employees, than projects with firms in mature industries
(but we  found no statistically significant difference).

If we compare the origins of collaborative projects in mature
and emergent projects, we  find important differences. In the full
sample, a third (8 projects) were originated by firms, which identi-
fied needs and expressed interest in collaborating with the research
departments in question to support their internal R&D. Six projects
were the result of an idea formulated by a PREO, where the research
groups identified and contacted potential firms to support the
development of a new process or improve an existing process. The
other cases were less clear cut and were based on a combination of
informal and professional contacts, applications to R&D sponsors,
and doctoral research projects. If we compare mature and emerg-
ing industries for the origins of collaborative projects, we  see that,
in the case of emergent industries, relatively fewer projects were
proposed by PREOs to address an industry R&D need. Also, fewer
emergent industry projects were based on a proposal to apply for
research funding. Half of the projects with firms in emergent sectors
were initiated by firms or students. Students, and especially post-
graduate students, are the major link between PREOs and emergent
industry firms because they propose new projects and because they
go on to work in firms and are aware of the importance of PREO for
supporting product development.

The main source of finance, among the full sample of projects
analysed, is FINEP (Funding for Studies and Projects) which
financed 11 projects, followed by CNPq (National Council for Sci-
entific and Technological Development), which financed 8 projects.
The state funding agencies (FAPs) financed two projects. Eighteen
projects also received funding from other private or public sources,
but only six projects were implemented without co-funding from
FINEP, CNPq or FAPs. CNPq is the national research council, under
the Ministry of Science and Technology, and is responsible for pro-
moting science and technology development and training. FINEP is
a national body within the Ministry of Science and Technology, and
is responsible for managing national sectoral funds and for support-
ing innovation and technology development in firms, universities
and other research organizations. FAPs are state funding organiza-

tions which promote and invest in R&D, training of scientists and
engineers, and innovation. Of the 10 emergent industry projects,
nine received funding from other sources, four were fully financed
by these other sources and six were co-financed by FINEP, CNPq,
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Table 4
Characteristics of the university–industry collaborative projects analysed.

All Emergent
sector

Spearman’s
correlation

Mann–Whitney T-test
z

Objectives New product development 14 7 0.20 0.959
New  process development 10 3 −0.20 −0.959
Services/use of equipment 3 2 0.19 0.919
Training of firms’ employees 1 1 0.25a 1.183a

Improved process 3 0 −0.32* −1.532*

Improved product 0 0
Other objectives 3 2 0.19 0.919

Origin Firm  contacted university 8 5 0.30* 1.433*

University contacted the firm/propose a project 6 1 −0.29* −1.404*

Co-application to R&D sponsoring 6 1 −0.38** −1.813**

Students theses and projects 6 4 0.19 0.919
Informal contacts 4 1 −0.18 −0.845
Employee training 1 1 0.25a 1.183a

Financing sources CNPq 8 3 −0.06 −0.287
Fapes 2 1 0.05 0.244
Finep  11 4 −0.10 −0.475
Other sources 18 9 0.29* 1.404*

Private 10 5 0.14 0.685
Public 12 7 0.31* 1.468*

Grants (theses) 2 1 0.05 0.255
Average number of sources 1.79 2 0.35** 1.659**

Outputs Theses 20 9 0.15 0.725
Publications 19 8 0.02 0.083
New  product 13 6 0.10 0.475
Patent application by the PREO 12 5 0.00 0
New  process 9 5 0.04 0.209
Spin-off 8 4 0.12 0.573
Services 7 4 0.20 0.966
Licensing 6 2 −0.10 −0.468
Improved process 4 3 0.30* 1.450*

Books 3 3 0.44** 2.145**

Average number of outputs 4.2 4.9 0.25a 1.216a

Collaboration after the project 11 2 −0.43** −2.101**

Total number of projects 24 10
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or academic research agendas. Thus, collaborations with emergent
industry firms tends to be the result of the two  traditional PREO
missions of teaching and research, rather than the third mission4
Significant at 15% (one-tailed).
* Significance at 10% (one-tailed).

** Significance at 5% (one-tailed).

nd by FAPES. Relatively more emergent industry projects are
nanced by other sources, especially other public sources (includ-

ng scholarships for PhD studies), compared to projects in mature
ndustries. The main public R&D sponsors, especially FINEP and
NPq, seem to articulate their funds with other specific funds made
vailable under other public research or innovation programme
ines, resulting in a higher number of different financing sources
or emergent projects than for mature projects.

Furthermore, we asked about the outputs of the 24 collabora-
ive projects. In the whole sample, papers and post-graduate theses
re the most frequent outputs of collaborative research, followed
y new products, patents and new processes. Books, improved pro-
esses, licensing and spin off creation are the least frequent outputs
f university–industry collaborative projects. University projects
ith firms in emergent industries result in books and improved
rocesses more frequently than projects with firms in mature

ndustries. Relatively more emergent industry projects have new
rocesses, student theses, and new products as outputs, however,
here are no statistically significant differences. Improved and new
rocesses are more likely to be by-products since, as already noted,
hese were among the least important objectives of collaborative
rojects with emergent industries. Thus, projects with emergent

ndustries achieve a slightly higher average number of outputs than
rojects with mature industries. Licensing is the only outcome with
 negative, but not significant correlation coefficient of emergent
rojects.

Finally, for initiating a new project after completion of a previ-
us project, we find that in the full sample 11 projects led to a new
collaborative project. Of the ten projects with emergent industry
firms, two  led to a new collaboration, which suggests that the pos-
sibility of a new project following a previous collaboration is small
for collaboration with firms in emergent industries.

In line the literature, our analysis suggests that knowledge and
actor networks seem to be less well developed in emergent than in
mature industries. Projects with firms in emergent industries are
less likely to be initiated by a PREO or an informal, professional
PREO researcher contacts network. Calls for collaborative research
proposals for research funding are less likely to be the motiva-
tion for university–industry collaboration in emergent industries.
Instead, collaborative projects with firms in emergent industries
are more likely to be initiated by current graduate and post-
graduate students, who may  propose specific projects to be carried
out in collaboration with firms in emergent industries, or by firm
graduate employees. Hence, while informal and personal contacts
are important in emergent industries, the network depends heav-
ily on participation of students and former students rather than
on the incentives created by public funds, professional experience
4 Note that there is no consensus on the concept of ‘entrepreneurial univer-
sity’  and the analytical frame of ‘the three university missions’ proposed by
Etzkowitz, 1998. Many authors claim that it is the traditional activities of universi-
ties that most often complement entrepreneurial activities (Azoulay et al., 2007). In
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Etzkowitz, 1998) of support for economic development. More-
ver, collaborative projects with emerging industry firms are more
ikely to combine financing from the main public research sponsors
nd other (mainly public) sources, to address specific develop-
ents in a limited group of technologies, often related to doctoral

rojects.
Projects with firms in emerging industry firms focus more on the

evelopment of new products, and employee training than on pro-
ess improvements, and show a slightly higher average number of
utputs than projects with firms in mature industries. This higher
erformance in terms of output may  be the result of technologi-
al spillovers from these projects, which in addition to the main
oal of product development, often achieve complementary new
r improved processes. Books and theses are more frequent out-
uts in these projects than in projects with mature industry firms,
ue to the involvement of postgraduate students in many projects.
owever, continued collaboration after completion of a project is

ess common in emerging industry firms. This might be related to
he fact that students often act as the mediators in these one-off
ollaborations: the trusting relationships between university and
rm required for collaborative projects may  not be achievable on
he basis of a single project. Another explanation might be that pub-
ic funding for R&D collaboration in emergent technologies may  be
ifficult to locate as sources of funding are spread across several
ublic organizations and policy programs.

. Discussion and conclusions

This study provides preliminary empirical evidence on the role
nd specificities of collaboration between PREOs and firms active
n mature and emergent industries. We  relied on studies in the
iterature and data collected through semi-structured interviews

ith 24 research group coordinators in science and engineering
epartments in PREOs in Brazil. Brazil is a NIC which has achieved
igh technological competence in certain high and medium-high
echnology sectors although it is lagging behind other NICs for
cientific and technological performance (Montobbio and Rampa,
005; IBGE, 2005; MCT, 2009). Given the acknowledged importance
f university–industry collaboration in the process of catching up
n some sectors, including in Brazil (Mazzoleni and Nelson, 2007),

e focused on the context of university–industry collaboration and
hen explored the specificities of this collaboration in Brazilian
mergent high-technology industries in order to get a better under-
tanding of how PREOs can support the development and growth
f these industries.

Our study provides several insights. Informal and professional
etworks of PREOs and industry researchers in emergent activities
re underdeveloped compared to the networks of mature indus-
ries. Moreover, national public support for university–industry
ollaboration in emergent industries is dispersed across differ-
nt public organizations/programmes. Therefore, in contrast to

rojects with firms active in mature industries, university R&D
rojects with firms active in emergent industries are less likely
o be the result of academics’ initiative and public research

articular, undergraduate teaching, specialist masters courses for professionals, and
cademic and research training activities represent the fulfilment of the traditional
niversity missions and also, to an extent, fulfilment of the third mission in stimu-

ating the local economy through the training of future local employees, attraction of
oreign students, and technology leadership (Laredo, 2007). Others argue that incen-
ives for entrepreneurship should not be imposed on universities because it may
ffect the incentives for academics to engage in high quality research and teaching
Welsh et al., 2008; Dosi et al., 2006). Specific levels of involvement of universities
n  research, teaching and economic development vary according to the disciplinary
ocus, the types of students and the academic characteristics of universities (Laursen
t  al., 2011).
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sponsors’ calls for projects, or to be wholly financed by the major
public research sponsors. Consequently, in emergent industries,
it is students and firm’s employees mediation between PREOs
and firms rather than calls for collaborative projects that matter.
PREO collaboration with emergent industry firms tends to focus
on new product development, and employee training. Thus, our
results suggest that PREO collaboration with emergent industries
results mainly from the university traditional missions of teach-
ing and research. Our analysis suggests also that collaboration
with emergent industries is relatively more productive than col-
laboration with mature industry firms, because besides their main
objective of new product development and training, they often
achieve new or improved processes and books as complementary
outputs.

It should be noted that this study has some limitations. First,
it focuses on data collected from the university partner in the col-
laboration. It would be interesting to investigate the perspectives
of industry in order to better understand the motivations for and
barriers to collaborating with universities, and to capture industry
differences in these motivations between emergent and mature
industry firms. This is a common limitation since very few con-
tributions in the university–industry literature use data on both
collaboration partners (Bekkers and Bodas Freitas, 2008 is one of
the very few exceptions). Second, in order to extract detailed infor-
mation on the characteristics of collaborations, our analysis was
carried out using unique project level data collected from inter-
views with PREO directors and, necessarily, relies on a small sample
of observations. This restricts the type of statistical analysis that
is possible, and makes our results exploratory. Further research
is needed to expand the size of the sample and to exploit differ-
ent methods of enquiry and analysis. Third, this is a single country
study. It would be interesting to analyse the extent to which these
results can be generalized to other countries given that cross-
country differences may  exist between specific academic, industrial
and political contexts. Some studies show that some economies
have institutional systems that create positive complementarities
for new business firms while in others the incentives are aimed
at and absorbed by large established firms (Chesbrough, 1999;
Gittelman, 2006).

Finally, we would stress that the national research system on
its own  cannot foster the emergence and growth of technological
capabilities, especially in high-technology industries. On the one
hand, a focus on national policies targeting high-technology indus-
tries may  be ineffective because, combined with the technological
characteristics of these industries, policies may  work to reinforce
over-investment and excessive competition (i.e. abnormal excess
capacity, high sunk costs and sustained subnormal profits), espe-
cially because national governments worldwide tend to target the
same high-technology industries (Brahm, 1995). Moreover, the
value of university collaboration seems to depend on the firms’
knowledge bases (Giuliani and Arza, 2009). On  the other hand, the
development of dynamic emergent industries involves a process of
capability building within firms, which requires upgrades to inter-
nal skills, production and R&D activities (Lall, 1992, 1993; Koumpis
and Pavitt, 1999; Gittelman, 2006). This requires government poli-
cies that target the development of human skills and technology
infrastructures and the creation of macroeconomic stability, selec-
tive industry incentives and market and non-market institutions
such as laws, IPRs, standards, codes of good business practice, and
so on (Dahlman et al., 1987; Lall, 1992, 1993; Gouvea and Kassicieh,
2005; Storm, 2008). These issues, which are not addressed in this
paper, are very important for investment and development in high-

technology industries.

Bearing in mind these limitations, our evidence prompts some
questions about the role of PREOs for the development and growth
of emergent industries, and allows some policy and managerial
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mplications to be drawn which may  be valid for both Brazil and
ther countries with similar industrial structures.

Our evidence suggests that Brazilian PREOs are supporting inno-
ation and technological development in mature sectors where
hey have established contacts and to which the main public
esearch sponsorship seems to be tailored. In other words, tech-
ological opportunities, which could benefit from high demand

rom mature industries in Brazil (Robertson and Patel, 2007), seem
o be appropriated mostly by large firms in mature sectors rather
han supporting the growth of emergent sectors. These results raise
uestions about the effect of increased national research coun-
il budgets to support the development and growth of emergent,
ophisticated industries, and to overcome economic and technolog-
cal stagnation. Revision of the implementation of national public
esearch funding for emergent industries and the creation of infor-
ation gateways to public (and private) sources of financing for

&D may  be needed.
To stimulate the development of knowledge flows and the level

f actors’ engagement with emergent industries, which our evi-
ence shows are less developed than in mature industries, public
upport for the creation of institutions and centres of excellence
ay  be required to foster growth and build R&D networks around

pecific technologies and sectors alongside the creation of virtual
etworks of knowledge and actors for the production and use
f new technologies. In addition to network building efforts and
he mapping of technological capability in industry and universi-
ies, the revision of the incentive frameworks and career rules of
esearchers and lecturers, referred to by our interviewees, may  help
o raise the quality of research and training in basic sciences and
ncourage university–industry interaction.

In addition to national or federal policy efforts, universities
ay  encourage the building of knowledge networks with industry,

specially emergent industries. The technology transfer services in
REOs could develop strategies to map  industry actors and needs in
mergent sectors and diffuse academic expertise to this population
f firms. PREOs may  be able to exploit specific national technology
rogrammes to support the development of excellent competences
y providing extra incentives for interaction with industry and for
pplied research oriented to indigenous user industries (Ekboir,
003; Wong et al., 2007). They may  be able to leverage national poli-
ies to improve the quality of research and education by creating
pecific incentives (Etzkowitz et al., 2005; Eun et al., 2006).

The evidence provided in this paper also points to the impor-
ance of graduate and post-graduate students and firm employees

ediating between academia and emergent industry firms, and the
redominance of research as a motivation for collaboration with

ndustry. It highlights the importance of the university teaching and
esearch missions for interaction with emergent industries. It also
aises questions about the effectiveness of adopting OECD technol-
gy transfer best practice, which increasingly are focused on the
ommercialization of knowledge, for the emergence and growth
f emergent industries. In NICs, firms have particular technology
equirements, including the need to master basic science and apply
xisting knowledge and technologies (e.g. Pavitt, 1998; Robertson
nd Patel, 2007). University researchers tend to collaborate with
ndustry for research rather than only financial reasons (Lee, 2000;
am, 2005; Dutrénit and Arza, 2010). Thus, in line with previous
tudies, we would argue that national policy-makers and PREOs
eed to be aware of the importance of education and research

or economic development (Laredo, 2007; Welsh et al., 2008) and
ublic policies to create incentives for university–industry collab-
ration need to be aligned to academics values if they are to be

ffective.

Our findings have some implications for innovation manage-
ent in firms in emergent industries. The literature argues that

ocating university knowledge and public support for innovation is
 Policy 42 (2013) 443– 453

difficult. Our evidence shows that university–industry collabora-
tion in emergent industries is more likely to be initiated by current
and former students and to be financed from several sources includ-
ing postgraduate grants. Hence, in these industries, interaction with
universities may  be facilitated if firms invest in networking with
university by identifying talented students before they graduate
and sending employees to universities for training. Firms should
not restrict their search for research funding to traditional research
sponsors or funds for collaborative research projects; they should
search for different types of funding, including funding for doctoral
projects, from public and private institutions. Given the difficulty
involved in accessing the major funders of university collabora-
tion, collaboration with capable customers in mature industries
may  provide access to public funds and university research.
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