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SUMMARY

Research and technological development processes increasingly entail inter-
organisational collaboration for the access and integration of external complementary
knowledge, especially within emergent technological innovation systems and small
developing countries. Collaborative efforts aggregate capabilities of individual actors
into system-level innovation capacity, fostering technological and innovation outcomes
from both individual organisations and the technological system as a whole.

Significant understanding of these interactive processes has been achieved by previous
research on innovation systems, inter-organisational collaboration and networks, and
studies of interdisciplinary scientific research. Nevertheless, further knowledge is
required on how and why organisations may differ in their ability to collaboratively
exploit potential complementarities. Consequently, this thesis examines institutional
and organisational factors that influence the actual extent of knowledge integration
achieved by public research organisations through collaborative research endeavours,
within the agri-biotechnology innovation system in Uruguay.

The research followed a mixed empirical method. Exploratory interviews with
members of public R&D groups and firms were conducted in order to reach a
preliminary understanding of the main forces affecting collaboration and knowledge
integration. Quantitative indicators of the degree of knowledge-integration achieved
by R&D groups’ collaborative links were designed and computed using data gathered
through a survey of R&D group members. Indicators were also developed to
statistically assess how the extent of collaborative knowledge-integration achieved by
an R&D group is influenced by system-level incentive institutions, by the absorptive
and relational capacities of the group, and by the compliance of the group with local
scientific assessment and reward mechanisms.

This thesis makes various theoretical contributions and draws relevant policy
implications. The results show that members of R&D groups may exert differing levels
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of influence on knowledge-integration. Specifically, postgraduate students were found
to play a relevant bridging role, enhancing the ability of the group to access knowledge
from complementary disciplines. The study also found consistent evidence of a
negative relation between an R&D group’s compliance with local scientific incentives,
and the group’s ability to collaboratively integrate complementary knowledge-assets.
Therefore, formal incentive institutions are presumably affecting the exploitation of
potential synergies among local knowledge resources and hence the learning and
innovation capabilities and the cohesion of the entire agri-biotechnology innovation
system. As a methodological contribution, this thesis develops novel indicators to
assess the degree of inter-organisational complementarity that go beyond those used
in previous research.
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Chapter 1 - Introduction

The rapid advances in science and technology have led to more complex forms in the
organisation of research, technology development and innovation processes which
increasingly go beyond the boundaries of individual organisations (Dosi, 1988; Gibbons
et al., 1994; Powell et al; 1996; Coombs et al., 2003). Consequently, the development
of inter-organisational arrangements for the access and integration of external
complementary resources has become increasingly important for the innovative
performance of individual organisations (Rothwell, 1977; Teece, 1986; Hagedoorn,
1993; Rosenkopf & Nerkar, 2001) and the overall development of innovation systems
(Carlsson et al.,, 2002; Lundvall, 2005; Bergek et al., 2008). Complementarity of
resources and capabilities may be defined as the existence of ‘distinctive resources of
alliance partners that collectively generate greater...[innovative outputs]...than the
sum of those obtained from the individual endowments of each partner’ (Dyer & Singh,
1998, pp666-7). The collaborative integration of distributed sources of knowledge is of
salient relevance during the emergent stages of a technological innovation system,
when research and technological-development capabilities available are scarce and
scattered throughout the system, and the potential applications and demand of the
new technologies are still uncertain (Colombo et al., 2006; Bergek et al., 2008; Powell

et al.,, 2012).

This need for enhancing the exploitation of potential complementarities is even
greater in developing countries where limitations in R&D resources are emphasised,
and the knowledge base is distributed among several organisations, mostly from the
public research sector (Arocena & Sutz, 2002; Lundvall et al., 2002; Chaminade et al.,
2009). Some authors have claimed that in less developed countries, the isolated
character of research and innovation efforts hinder interactive processes for the
exploitation of complementary skills and technological capabilities available locally

(Arocena & Sutz, 2002). Hence, the potential impact of local’ knowledge bases on

! Throughout the thesis we use the term local (local knowledge bases, R&D capabilities or knowledge
assets) to refer to knowledge resources existing with the boundaries of a single country.In other words,
we use local to refer to a national scope. When reporting our empirical results, we use this term so as to



innovation performance, economic growth and development is undermined

(Bortagaray, 2007, p341; Lundvall et al., 2009b, p18).

Complementarity between organisations as a rationale for inter-organisational
collaboration can be traced back to the work of Teece (1986), whose focus was on how
firms that are able to develop novel technologies should rely on complementary
specialised capabilities such as marketing or after-sale services, in order to generate
market profits from such new technologies (Teece, 1986, p288; Colombo et al., 2006).
Collaborative endeavours are assumed to have a positive impact on innovation
performance only if they are the result of potential opportunities for complementarity
of resources and capabilities between the partnering organisations (Teece, 1986;
Prahalad & Hamel, 1990; Grant & Baden-Fuller, 2004; Colombo et al., 2006). In the
public research domain, inter-organisational complementarity has been examined by a
community of scholars studying interdisciplinary scientific research (Rafols, 2007;

Rafols & Meyer, 2010; Wagner et al., 2011).

The primary assumption underpinning the motivations to pursue the present study is
that research oriented to solving local production problems requires the integration of
distant complementary knowledge (Van den Besselaar & Heimeriks, 2001) and hence
the larger the extent of collaborative knowledge integration accomplished, the larger
the innovation outcomes expected from both individual organisations (Hage &
Hollingsworth, 2000; Rosenkopf & Nerkar, 2001; Nooteboom et al., 2007) and the
technological system as a whole (Carlsson & Stankiewicz, 1991; Lall, 1992; Cimoli et al.,
2009). For the purpose of this research, collaborative knowledge integration is defined
as a research endeavour ‘...that integrates concepts or theories, tools or techniques,
information or data from different bodies of knowledge’ through any form of
collaborative research activity between two or more research groups or organisations
(Rafols & Meyer, 2010, p265). Based on the assumption presented above, the central
concern of this study is pursuing a greater understanding of collaborative knowledge

integration processes and assessing the factors that influence the actual extent of

mean that the scope involves the specific country where the actual empirical study was conducted
(Uruguay).



knowledge integration achieved by public R&D groups through their R&D
collaborations. The boundaries of each R&D group were empirically defined in our
study through our survey to R&D project leaders, namely they were asked to report

the whole list of members of the R&D group.

The present research draws on three main fields of scholarly research, namely studies
of: innovation systems; inter-organisational collaboration and networks; and studies
of interdisciplinary scientific research. The literature on innovation systems claims to
provide a relational research approach which emphasises that innovation is a collective
and interactive process, highly reliant not only on the internal capabilities of a leading
organisation but also on resources external to it (Bergek et al., 2008). It pays singular
attention to the linkages, coordination and synergies among components and actors in

the system (Johnson & Lundvall, 2000; Carlsson et al., 2002; Malerba, 2005).

While traditional approaches for the study of innovation have been focused mainly on
market exchange and competition relations between actors (Porter, 1990), innovation-
system perspectives stress the need to access multiple sources of knowledge and thus
pay more attention to other formal and informal forms of interaction (Malerba, 2005;
Johnson & Lundvall, 2000; Carlsson & Stankiewicz, 1991). Systemic frameworks imply a
move in public-policy making from interventions aimed at sorting out market
operation problems, towards innovation policies that also look after broader system-
level attributes and processes of interaction among actors (Lundvall, 2005; Arocena &
Sutz, 2002; Hall et al., 2003). This literature has been empirically applied at diverse
levels of analysis. In particular, studies of technological innovation systems narrow
down the complexity of components, actors and types of relations between actors to
be analysed by focusing on innovation systems built around specific technologies or
products (Carlsson & Stankiewicz, 1991; Carlsson et al., 2002; Hekkert et al., 2007,
Suurs & Hekkert, 2009). Specific emergent technologies with potential application
across many sectors (e.g. biotechnologies in this study) may well face differing
enabling conditions for their adaptation and adoption depending on the sector where
the technology is introduced (Senker & Van Zwanenberg, 2001; Malerba, 2005). Hence
the dynamics of research and technology development in such emergent stages should

be investigated at the intersection of technological and sectoral systems of innovation.



With regard to the study of inter-organisational collaboration, there is extensive
knowledge accumulated on the determinants and rationales for the formation of
partnerships (Gulati, 1998; Gulati & Gargiulo, 1999; Colombo et al., 2006; Luo et al.,
2009). The main rationales include accessing complementary resources and
capabilities, capability building (learning), costs’ reduction, the development of
economies of scale and scope, and strategic coordination (Teece, 1992; Gulati &
Gargiulo, 1999; Hagedoorn, 2002; Gongalves do Valle et al., 2002; Salles-Filho, et al.,
2006). Other studies have examined how specific organisational attributes affect the
ability of an organisation to form and manage collaborative relations with other actors
and to obtain benefits from them (Dyer & Singh, 1998; Powell, 1998; Lorenzoni &
Lipparini, 1999; Colombo et al., 2006). As a closely related field, studies of inter-
organisational networks have made sound contributions in understanding what drives
the embeddedness of organisations within networks, and how the structural
properties of the network affect an organisation’s outcomes (Gulati, 1998; Gulati et al.,
2011), and the formation of further collaborative relations (Gulati & Gargiulo, 1999;
Ahuja, 2000; Hagedoorn et al., 2006). More recently, increased emphasis is being
placed in studying the dynamics of network evolution over time (Powell et al., 2005;

Zaheer et al., 2010; Ahuja et al., 2012).

Innovation system studies place particular attention to the institutional framework as a
relevant component shaping system structure and performance (Carlsson et al., 2002;
Lundvall et al.,, 2002; Woolthuis et al., 2005; Bortagaray, 2007; Padilla-Pérez et al.,
2009). In this regard, Woolthuis et al. distinguish two main types of institutions:
‘..there are ‘hard’ institutions, being the formal, written, consciously created
institutions, and the ‘soft’ institutions which are informal, have often evolved
spontaneously and may be the implicit ‘rules of the game’ (North, 1991). Both may
regulate economic behaviour and interaction, and can thereby stimulate or hinder
innovation... As a result, we can distinguish between hard- and soft institutional
failures’” (Woolthuis et al., 2005, p612). Informal (North, 1994) or soft institutions
(Woolthuis et al., 2005, p610) originate from values, non-written rules, perceptions,
trust in other actors, and routine practices that affect the way individuals and

organisations share knowledge and learn, thus exerting an influence on the processes



of knowledge integration through inter-organisational R&D collaborations (Laudel &
Glaser, 1998; Malerba, 2005; Hall, 2006). The neo-classical argument for policy-making
has focused mainly on solving market-failures while usually overlooking the influence

on innovation of other soft and hard institutions (Woolthuis et al., 2005, p615).

The collaborative aggregation of actor-level technological capabilities into system-level
innovation capability depends, to a large extent, on institutions and particularly public
policies supporting the realisation of complementarities and interactive learning (Lall,
1992; Cimoli et al., 2009; Padilla-Pérez et al., 2009). In this regard, besides poor
patterns of interaction among actors in the system, developing countries usually show
weak formal institutions supporting those interactions (Padilla-Pérez et al., 2009,
ppl43-5). Recent studies of the changing institutional environment around public
research have noticed the rise of contradictory incentives to scientists. While there is
an increasing pressure from academic-research funding to perform application-
oriented and socially-relevant research projects, at the same time, a significant rise in
research performance assessments results in a pervasive demand on researchers to
publish their results in peer-reviewed academic journals (Hessels et al., 2011; Hessels
& van Lente, 2011). The authors argue that these two developments may exert
conflicting forces over scientists, which affect the final orientation of their research
activities (Hessels & van Lente, 2011), and hence their willingness to collaborate with
other actors and to integrate complementary sources of knowledge (Laudel & Glaser,
1998; Laudel, 2001; Llerena & Meyer-Krahmer, 2003). Consequently, further scholarly
work should examine how institutions, incentives and policies may be fostering or
hindering collaborative knowledge integration among public research actors, hence
likely influencing the impact of the public knowledge base on local innovation

performance.

Notwithstanding the intended emphasis of the innovation-systems literature on the
interactive character of the innovation process, empirical studies actually looking at
interaction processes between components and actors of the system are almost non-
existent. Instead, it has been dominated by static structural assessments that are
unable to capture the complexity of actors and linkages at low levels of aggregation

(Carlsson et al., 2002, p236). Other authors suggested that such a structural approach



has shown no clear explanation of systems’ economic performance (Spielman &
Kelemework, 2009). Some researchers have recognised that despite being key
determinants of the system’s learning capacity, informal relationships among actors
and the quality of such linkages have often been overlooked by innovation-system
studies given the difficulties of measuring them (Lundvall et al., 2009b, p10). Similarly,
Markard and Truffer (2008) have suggested that most system frameworks fail to
consider complementarities between actors in the system and what may be affecting

their collaborative exploitation.

Moreover, pervasive attention has usually been paid by systemic studies of innovation
to R&D activities in private organisations, an approach suitable for developed nations
where firms are the main performers of R&D activities. Nevertheless, the figures
change when we consider the context of a less developed country and an emerging
technological field. In such a context, firms share a minority of total investments in
R&D and employment of scientists (Viotti, 2002, p673; Brundenius et al., 2009), while
public research encompasses most knowledge assets and R&D activities, becoming a
salient determinant of the technological absorption and development abilities of the
system as a whole (Viotti, 2002; Edquist, 2005). Hence, under these circumstances,
approaches to studying emergent technological systems must pay much greater
attention to the dynamics of knowledge generation in the public domain, particularly
to inter-organisational interactions and knowledge integration processes among public

R&D organisationsz.

The present research intends to contribute to the innovation-systems literature
through the definition of a lower level of analysis — the single public research
organisation or group — but keeping the scope and boundaries of an entire
technological innovation system. In empirical terms, the study required setting its
geographical scope within a single developing country, namely Uruguay. While we
looked at the structure and working of the whole agri-biotechnology innovation
system in Uruguay, we placed particular attention to how institutional attributes of the

system influence the lower-level dynamics of inter-organizational collaboration and

E.g. research institutes, universities, public laboratories, etc.



knowledge integration between R&D groups in the public research sub-system. The
static structural perspective usually applied by empirical studies in this field is hence
avoided. Conversely, an actually-relational approach was empirically applied so as to
be able to assess to what extent R&D collaborations among actors integrate
complementary sources of knowledge and capabilities distributed throughout the
system. By doing so, this approach also allows the exploration of the main forces

affecting collaborative knowledge integration.

The investigation also adds to studies of inter-organisational collaboration. Most
scholarly work in this field has focused on the study of inter-firm or public-private
collaborations. Nevertheless, a smaller body of research has studied collaboration
among public research organisations (Katz & Martin, 1997; Laudel, 2001; Rafols, 2007;
Heinze & Kuhlmann, 2008). Hence, relatively little attention has been paid to the
drivers and barriers of collaboration between research groups, laboratories and
research organisations in the public domain. In particular, very few studies have
explored the factors influencing the extent to which collaborations between public
research organisations actually integrate complementary fields of knowledge and
research capabilities (Rafols, 2007; Rafols & Meyer, 2007), which, as argued above, is
central for the development and performance of emergent technological innovation
systems in developing countries. Scholars studying interdisciplinary scientific research
have also identified the need for further understanding of the background conditions
that may enhance the extent of knowledge integration in the public research domain

(Wagner et al., 2011).

Studies of inter-organisational networks have also received some criticism. Their
prevalent attention to the networks’ structure and the position of actors within them
as drivers of organisational outcomes (Ahuja, 2000; Gulati & Gargiulo, 1999; Powell et
al., 1996; Zaheer et al., 2010) has largely overlooked the actual type and value of the
resources accessed by an organisation through the network, which are the final
determinants of how a network influences the organisation’s performance (Gulati et
al.,, 2011, p209). Consequently, some authors have suggested that further research
should pay greater attention to the quality of the links of an organisation as well as to

the precursor factors that drive the actual value of the resources integrated through



collaborative links within a network (Gulati et al., 2011, pp208 & 221). The empirical
approach of the present study contributes to this body of literature by assessing the
extent to which an organisation’s collaborative linkages actually exploit potential
complementarities (Gulati & Gargiulo, 1999; Grant & Baden-Fuller, 2004; Colombo et
al., 2006), namely the extent of collaborative knowledge integration achieved.
Exploring this quality-attribute of collaborations and its driving forces should provide a
better understanding of the potential contribution of collaborations to the solution of
local technological problems (Van den Besselaar & Heimeriks, 2001; Lundvall et al.,
2009b, p19) and to the general performance of a technological innovation system

(Carlsson & Stankiewicz, 1991; Johnson & Lundvall, 2000; Bergek et al., 2008).

The inter-organisational access to complementary resources and capabilities has been
stressed by previous research as a driver of an organisation’s economic performance.
However, empirical studies of the organisational complementarity approach (i.e.
Teece’s thesis on ‘combination of specialized complementary assets’) have
predominantly assumed that a single organisation alone develops and produces a
novel technology and only then requires accessing external complementary
capabilities in order to transform that technology into commercial innovation and
profits (Teece, 1986, p286; Colombo et al., 2006, p1167). Therefore, they largely leave
unexplored the complex R&D process required to develop the novel technology, which
also demands other sorts of complementarities, particularly between diverse — and
usually distributed — scientific and technological research capabilities (Luo et al., 2009).
In fact, superior technological outcomes are expected when complementary
knowledge assets of two R&D organisations are joined and exploited through different
sorts of inter-organisational collaborative arrangements (Hage & Hollingsworth, 2000;
Grant & Baden-Fuller, 2004; Dyer & Singh, 1998). Consequently, further studies should
pursue a deeper disaggregation of scientific and technological assets available in
different organisations, in order to assess the extent of complementarity among the
partners’ knowledge assets exploited during inter-organisational collaborative R&D

activities (Colombo et al., 2006).



Clear needs for further research were identified in the bodies of literature discussed up
to this point. This thesis contributes to address these knowledge gaps. With this aim,

the driving question of the research has been:

How and why does the extent of scientific and technological complementarity
exploited through R&D collaborations differ among collaborating actors of the

agri-biotechnology innovation system in the context of developing countries?

In order to answer this question, the study has explored inter-organisational
collaborations between public research organisations, and assessed how and to what
extent their joint R&D activities integrate local complementary sources of knowledge
and skills distributed throughout the emergent biotechnology innovation system
within the national and sectoral boundaries of Uruguayan agriculture®. In particular, it
performs an analysis of the influence that organisational and system-level attributes
exert on the extent of integration of complementary knowledge assets achieved by
public R&D groups through their collaborative research efforts in the agri-
biotechnology field. A number of relevant factors driving collaborative knowledge
integration were identified from the bodies of scholarly research reviewed while other
forces were found to be relevant for the purpose and scope of this research through

an inductive interpretation of a number of exploratory interviews.

Among the factors identified, the research pays particular attention to the role of: (i)
system-level institutions and incentives (informal institutions and public policies
supporting the scientific community); (ii) structural and relational attributes of the
R&D group (absorptive and relational capacities); and (iii) the compliance of the R&D
group with scientific assessment and reward institutions. The empirical work followed
a mixed methodological approach, involving qualitative exploratory interviews with
members of public R&D groups and firms encompassed within the agri-biotechnology
system and a subsequent quantitative approach to answer the research questions

proposed.

* The rationale for choosing these technological, sectoral and national boundaries is presented in
Section 3.3.
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Quantitative data was generated through a survey addressed to the leaders of agri-
biotechnology research projects that were competitively funded in Uruguay between
1999 and 2010. An extensive unique database was developed, collecting and
integrating information from the main public agencies or programmes that have
funded agri-biotechnology R&D during that time. Project leaders were asked, among
other things, to identify the collaborative relations established for the implementation
of the project as well as to indicate the disciplinary knowledge fields and R&D
capabilities encompassed by their research group. Based on methodological
developments from studies of interdisciplinary scientific research intended to measure
diversity of knowledge at different levels of analysis, indicators of the extent of
knowledge complementarity between collaborating R&D groups were developed.
Finally, spatial autocorrelation models* were run in order to analyse how actor and
system-level attributes may explain differences in the extent of collaborative

knowledge integration achieved by these R&D groups.

The thesis results provide theoretical and methodological contributions. It finds clear
qualitative and quantitative evidence of how system-level formal institutions,
particularly incentive policies targeted to individual researchers, influence the ability of
public R&D groups and organisations to integrate complementary knowledge assets
through their collaborative research activities. Influences from structural attributes of
the R&D group are also observed. In particular, individual members within the R&D
group are found to play distinctive roles in fostering the extent of collaborative
knowledge integration achieved by the group. Consequently, a better understanding of
the drivers and barriers of collaborative knowledge integration is achieved which may
well grant a relevant contribution for policy-making aimed at supporting the
emergence and development of a technological innovation system and at raising the

system-level absorptive capacity, within the context of a developing country.

Methodological contributions are also made by this thesis. Singular quantitative
indicators were developed to measure the extent of knowledge-integration

accomplished by public R&D groups through their collaborative research. This required

* The rationale for the use of this model is explained in Chapter 6.
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a substantial effort to adapt indicators developed by previous studies to the empirical
context of this research and to build a suitable classification system of knowledge-
assets’ categories. Moreover, previous empirical studies have assessed knowledge-
integration mostly at the level of published research outcomes’. The survey-based
approach designed for this study contributes to this field with a more suitable method
for the context of developing countries®; it observed collaboration and knowledge-
integration at the level of individual R&D projects, namely the actual locus where
research activity and collaborative knowledge-integration takes place. Finally, this
thesis’ examination of the relation between system-level attributes and the quality of
inter-organisational collaborations represents a proper relational empirical perspective
that, as was argued above, has been largely missing in previous studies of emergent

technological innovation systems.

With regard to the structure of the remaining sections of this thesis, Chapter 2
critically reviews the literature briefly introduced in this chapter, looking for theoretical
and methodological insights to address our research question and identifying relevant
gaps in need of research contributions. Chapter 3 explains, in detail, the mixed
methodology pursued for the implementation of this research. Chapters 4 and 5
provide the results of the qualitative analysis. While the former is a rather descriptive
chapter that provides an overall picture of the Uruguayan agri-biotechnology
innovation system and its relevant context, Chapter 5 carries out an in-depth analysis
of the qualitative interviews. It seeks to identify the main drivers and barriers for
collaborative efforts to integrate distant complementary knowledge assets, and
generates a number of research propositions on the basis of the qualitative results.
Chapter 6 presents a comprehensive description of our quantitative empirical
approach and examines the main results from the statistical analysis. Finally, Chapter 7
discusses the overall results, drawing the main conclusions and implications for policy
making before closing with an identification of both, the limitations of the present

study and the opportunities for further research.

> E.g. scientific papers or patents (Wagner et al., 2011).
6 Developing-country knowledge production is under-represented in global publication databases so
these are not suitable sources to assess knowledge integration in such contexts (Wagner et al., 2011).
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Chapter 2 - Literature review and conceptual framework

2.1 Introduction

The present research studies processes of collaborative research between public R&D
organisations. It particularly explores the extent to which these organisations integrate
complementary knowledge assets and R&D capabilities through the collaboration
process. The assumption underlying this study is that the integration process referred
to above is a key determinant of cumulative learning and the exploitation of
technological opportunities in developing countries (Viotti, 2002) and is related to the
development of major technological discoveries (Hage & Hollingsworth, 2000;
Hollingsworth, 2006). On that basis, this study explores how and to what extent local
knowledge assets and R&D capabilities are being integrated and exploited through
inter-organisational collaborative arrangements within the emergent agri-
biotechnology innovation system in Uruguay. In other words, the general formulation

of the question that this research intends to answer is the following:

How and why does the extent of scientific and technological complementarity
exploited through R&D collaborations differ among collaborating actors of the

agri-biotechnology innovation system in the context of developing countries?

In order to address this overarching question, we started the literature review process
by asking: which are the main bodies of literature that could allow us to conceptually
understand and empirically assess the integration of knowledge that takes place
through collaborative research and development processes. Following this guiding
query, the present chapter explores academic literature on inter-organisational
collaborations or partnerships, particularly scholarly research regarding non-market
collaborative relations established for the purpose of conducting joint R&D activities
(Heinze & Kuhlmann, 2008; Lam, 2005; Laudel, 2001). Beforehand, in order to situate
the R&D collaboration process within a wider context, studies of innovation systems
are reviewed, since they are claimed to follow a relational research approach that pays
singular attention to the interactions and coordination between actors and

components of the system (Johnson & Lundvall, 2000; Carlsson et al., 2002; Malerba,



- 13 -

2005). Taking the latter into account, the main motivations behind following a systems’
perspective in this study and hence in the present review of literature, were setting the
wider context or background where R&D collaboration and knowledge integration take
place, as well as identifying system-level institutions that may shape the extent of

collaborative knowledge integration accomplished by the system’s actors.

In order to narrow down the scope of this research, and given the interest on R&D
collaboration as a means to exploit opportunities to integrate scientific and
technological knowledge, the boundaries of this study were set around a single
emergent technological field, namely, biotechnology. To narrow it even more into a
manageable study under the constraints of a PhD, we looked specifically at
applications of biotechnology in the agriculture sector (Arundel & Sawaya, 2009). The
rationale for choosing these technological and sectoral boundaries is presented in
Section 3.3 below. Therefore, we explored those public R&D collaborations
encompassed within the agri-biotechnology innovation system. These technologically-
set boundaries led us to review specific conceptual and empirical studies on emergent
technological innovation systems within the broader field of innovation systems’
studies. In emergent technological fields, the collaborative integration of
complementary resources is a key driver of the further development of a technological

system (Bergek et al., 2008).

In fact, in the context of emergent technological fields, inter-organisational R&D
collaboration is mostly driven by the need for accessing complementary knowledge
and R&D capabilities7 (Mowery et al., 1998; Colombo et al., 2006; Heinze & Kuhlmann,
2008). Therefore, studies of complementarity between organisations were also
reviewed (Pfeffer, 1972; Pfeffer & Nowak, 1976; Pfeffer & Salancik, 1978), and their
empirical and methodological approaches critically analysed. The collaborative access
to complementary knowledge is actually a process of knowledge integration which has
been the subject of research by a community of scholars studying interdisciplinary
scientific research (Wagner et al., 2011; Rafols & Meyer, 2010; Rafols, 2007), namely

research processes involving multiple disciplines. Therefore, this body of research was

7
We refer to these resources generally as knowledge assets.
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also reviewed with the main aim of gaining insights on empirical approaches and

methodologies to assess and measure knowledge integration processes.

By identifying and reviewing the main bodies of literature related to the process of
knowledge integration in collaborative R&D activities, the conceptual and empirical
boundaries of this study were narrowed down. The scholarly literature was also
reviewed with regard to which are the forces that may affect the extent of knowledge
integration accomplished by collaborating partners. This exploration pursued the
identification of the most relevant forces for the particular context of this study® in
order to also narrow down the empirical approach developed for addressing the
overarching question presented above. Therefore, throughout the whole review of
relevant factors shaping R&D collaboration and collaborative knowledge integration,
we explored and paid particular attention to structural attributes of R&D
organisations, their knowledge assets and research capabilities, the absorptive and
relational ability of organisations and finally, system-level institutional incentives and
motivations of researchers to integrate knowledge across organisational or disciplinary
boundaries. The identification of such main forces from the academic literature was
complemented with an inductive exploration conducted during the fieldwork through
qualitative interviews’, resulting in the development of more specific research

guestions that are presented later in this chapter.

The remainder of this chapter is structured as follows. Section 2.2 defines a number of
concepts central for the research questions presented and the argument developed in
this chapter. Section 2.3 reviews studies of innovation systems and their variety of
approaches for different levels of analysis while Section 2.4 discusses the literature on
inter-organisational collaboration and networks. Section 2.5 adds a deeper review of
studies on complementarity between organisations’ resources as drivers of
collaborative relations and knowledge integration in emergent technological fields.
Section 2.6 addresses the theoretical basis of the core process analysed in this study,

namely the collaborative integration of complementary knowledge assets. Additionally,

® This refers to the context of the study in terms of technological, sectoral and geographical boundaries.
° The qualitative method is described in Chapter 3 and the results of the interviews are presented in
Chapter 5.
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it critically analyses methodological approaches relevant for the assessment of the
extent of knowledge integration in this study as well as the contributions of this
research vein that may potentially fill gaps identified in the bodies of literature
mentioned before in this paragraph. Then, drawing on the relevant theoretical and
empirical perspectives, Section 2.7 provides a broad account of actor- and system-level
factors that may influence the process of collaborative knowledge integration and
integrates them within a complete conceptual framework. Finally, Section 2.8 closes

the chapter with some concluding remarks.

2.2 Relevant definitions

This short section provides, in advance, the definitions of a number of terms and
concepts employed throughout this document. It is intended to facilitate the reader’s
understanding of the conceptual ideas and discussion presented in this chapter. We

list these concepts below and enunciate their respective definitions:

e R&D collaboration: drawing on Gulati and Gargiulo (1999), and Hagedoorn (2002)
we conceptually understand an R&D collaboration or partnership as a formal or
informal mode of ‘..voluntary cooperation in which organizations combine
resources to cope with ... environmental forces beyond their direct control...” (Gulati
& Gargiulo, 1999); more specifically, the term refers to those cooperation

arrangements ‘...where two or more ... agents and organizations, share some of

their R&D activities’ (Hagedoorn, 2002, pp477-8).

e Knowledge assets: knowledge assets are an organisation’s internal resources that
are essential to conduct its knowledge creation processes (Nonaka et al, 2000). For
the purpose of this research, we will focus on two dimensions of knowledge assets
relevant in emergent technological fields, namely: (i) the disciplinary knowledge
embodied in the organisation employees, more specifically its research workers or
scientists (acquired though education and work experience; Smith et al., 2005); and
(ii) the R&D capabilities which are defined for the purpose of this research as the

methods, techniques, materials and instrumentation available within the
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organisation or research group to carry out R&D activities (Rafols & Meyer, 2007,

pp637 and 642; Leydesdorff & Rafols, 2011, pp847 and 850).

e Knowledge integration: Rafols and Meyer (2010) claim that interdisciplinarity is, in
essence, a process of knowledge integration. Therefore, we assimilate their
definition of interdisciplinary research ‘..as a mode of research that integrates
concepts or theories, tools or techniques, information or data from different bodies
of knowledge’ (Rafols & Meyer, 2010, p265) to the concept of knowledge

integration used for this research.

e Collaborative knowledge integration: drawing again on Rafols & Meyer (2010,
p265) we define the concept of collaborative knowledge integration as a research
process “...that integrates concepts or theories, tools or techniques, information or
data from different bodies of knowledge’ through any form of R&D collaboration

between two or more research groups or organisations.

We have defined above four concepts central to understanding the critical analysis of
academic literature presented in the remainder of this chapter. Sections 2.3 to 2.7
below review the main bodies of literature theoretically and/or empirically relevant for
our study of collaborative knowledge integration and its driving forces, while Section
2.8 provides a closing summary and integrates the main ideas discussed in this chapter
into a comprehensive analytical framework for our study. The next section presents a

critical review and analysis of the innovation systems’ literature.

2.3 Innovation systems: conceptual and analytical perspectives

2.3.1 General overview on innovation systems’ approaches

Innovation systems’ approaches have emerged since the 1980s following upon the
understanding that knowledge, learning and innovation are key drivers of economic
development (Johnson & Lundvall, 2000; Edquist, 2005; Freeman, 1988; Carlsson &

Stankiewicz, 1991) Another salient contribution of this approach is that it
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acknowledges and emphasises “...that innovation is an interactive process’ (Johnson &
Lundvall, 2000, p11) where interactions and collaboration among actors are key
determinants of the system’s performance. This sort of perspective also came out as
an alternative to linear models that assumed that innovation is driven almost entirely
by either scientific research (Bush, 1945) or the demand from customers (Schmookler,
1972). Under such premises, an innovation system has been defined as the group of
actors, institutions and networks that support the common end of ‘developing,

diffusing and utilising new products and processes’ (Bergek et al., 2008, p408).

It is interesting to note how the concepts of innovation systems and collaboration
(interactions, networks) appear closely associated in the innovation systems’
literature. In fact, as suggested by Johnson and Lundvall (2000, p21), a distinctive
attribute of an innovation systems’ perspective is that it proposes combining a rather
static exploration of the structural components of a system with a more dynamic
exploration of the linkages and synergies among components in the system (Johnson &
Lundvall, 2000). The same authors claimed that a “..strategy based on an innovation
system approach would start by analysing all parts of the economy that contribute to
competence building and innovation. And especially it would focus on the linkages and
synergies between the parts that form the system as a whole’ (Johnson & Lundvall,
2000, p12). Similarly, other advocates of this framework emphasise that innovation is a
collective process, highly reliant not only on the internal capabilities of the leading
organisation but also on resources external to it (Bergek et al., 2008). Thus, besides the
influence of the capabilities existing in incumbent actors, their resource investment
and market forces, the emergence and development of a technological innovation

system is argued to be affected also by the interactions resulting from inter-

organisational collaborations and networks (Bergek et al., 2008).

Organisations interact in many different ways. They may be competitors, they may
transact goods or services through market mechanisms, or they may exchange and
integrate  knowledge-based resources and capabilities through non-market
collaborative arrangements (Edquist, 2005, p196; Grant & Baden-Fuller, 2004). While
traditional approaches for the study of innovation focused mainly on market exchange

and competition relations between actors (Porter, 1990), the recent conceptual and
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empirical developments on innovation systems emphasise the need to access multiple
sources of knowledge and thus pay more attention to other forms of formal and
informal collaboration (Malerba, 2005; Johnson & Lundvall, 2000; Carlsson &
Stankiewicz, 1991). In particular, under the uncertainty of an emerging technological
field, it has been claimed that such collaborations and networks allow the exploitation
of complementarities through the integration of knowledge and capabilities dispersed
throughout diverse actors in the system (Malerba, 2005, p393; Grant & Baden-Fuller,
2004; Colombo et al., 2006).

The literature on innovation systems has developed specific approaches for diverse
levels of analysis: national (Freeman, 1988; Lundvall, 1988), sectoral (Breschi &
Malerba, 1997; Malerba, 2005) and regional (Cooke et al., 1998; Howells, 1999;
Asheim & Gertler, 2005) innovation systems. An additional approach focuses the
analysis on innovation systems built around specific technologies or products (Carlsson
& Stankiewicz, 1991; Carlsson et al., 2002; Suurs & Hekkert, 2009). This technology-
specific analytical perspective provides a deeper understanding of dynamic attributes
of the system by reducing the degree of complexity of components, actors and types
of relations between actors if compared with a national-level system study (Carlsson et
al., 2002; Hekkert et al., 2007). This latter analytical perspective has been most
recently referred to in the literature as the technological innovation systems approach

(Markard & Truffer, 2008; Bergek et al., 2008; Suurs & Hekkert, 2009).

Systemic frameworks imply a move in public policy-making from interventions aimed
at sorting out market operation problems, towards policies that look not only at the
market but also at broader system-level attributes and processes of interaction among
social actors (Lundvall, 2005; Arocena & Sutz, 2002; Hall et al., 2003). The common
rationale for policy intervention suggested by innovation system approaches is
identifying and unravelling ‘system failures’, namely attributes of the system that
undermine the development and use of innovations (Bergek et al., 2008, p409). A
recent typology has identified the following categories of system failures: (i)
institutional; (ii) infrastructural; (iii) capability; and (iv) network failures — also known as
interaction failures — (Woolthuis et al., 2005). Network failures have been defined as

situations when ‘...possibilities for interactive learning and innovation are under-
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utilised and firms may fail to adapt to new technological developments’ (Woolthuis et
al., 2005, p614). Among the relevant attributes referred to above, particular attention
is paid in the present research to those factors that may drive the occurrence of
network or interaction failures, understanding them specifically as situations where
opportunities for interactive learning, collaboration and complementary knowledge
integration between actors are hindered in some way. As was argued before, the
exploration of this later collaborative process is the central concern of the present

study.

As suggested by Klerkx & Leeuwis, ‘Systems approaches to innovation emphasize that
actors in the R&D process are involved in networks that operate within certain
institutional contexts...and their co-operative performance is a key determinant of the
impact of innovations’ (Klerkx & Leeuwis, 20083, p4621°). Two concepts referred to
above are salient for the present research. One is the need to analyse R&D processes
within the wider collaboration network of actors involved in such processes. The
second interesting reference is to the concept of ‘cooperative performance’ which
suggests that identifying or prompting links between actors is not enough, but looking
at what happens within those collaborations and how they perform is also relevant.
This suggests the need for indicators to assess not only the existence of a collaborative
relation between actors but also the qualities of such a link since they will have an
influence on the impact of the collaboration on innovation (Klerkx & Leeuwis, 2008a).
The present research addresses these issues by exploring the extent to which R&D
collaborations are pulling together sources of complementary knowledge and research
capabilities distributed throughout the actors involved in the technological system

under study.

Based on such systemic and relational perspectives, some scholars claim that empirical
studies of innovation systems have placed a great deal of attention on relational
attributes of the system, namely on the linkages between actors in the system, and on

how those linkages operate (Fagerberg, 2005; Arocena & Sutz, 2002; Carlsson et al.,

1% The authors refer to Biggs and Smith, 1998; Leeuwis and Van den Ban, 2004; Smits and Kuhlmann,
2004.
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2002). Along these lines, one of the contributions that innovation system frameworks
have anticipated doing is changing from analytical approaches that look mainly at
structural indicators for different components of the system (such as R&D investments
or patenting activity). In particular, advocates of this perspective have claimed a
change towards more integral analytical approaches of a relational nature that pay
greater attention to other key drivers of innovation such as the patterns of interaction
and collaboration between or within components of the system, institutional

innovations, as well as process and policy innovations (Hall, 2006).

Nevertheless, subsequent empirical research on innovation systems has received some
criticism due to its continued attention to structural attributes such as investments
and outcomes from incumbents in the innovation process, while it still lacks clear
analytical methods to explore the innovation process itself and the relational aspects
(or interactive dynamics) at play during the process (Carlsson et al., 2002; Spielman &
Kelemework, 2009). Supporting this idea, Lundvall et al. (2009b, p10) claimed that
innovation-system studies have paid much attention to the performance of individual
actors and the whole R&D infrastructure, recognising that despite being key
determinants of the system learning capacity, informal relationships among actors and
the quality of such linkages have often been overlooked given the difficulties of
measuring them. On that basis, it is argued here that the intended focus on the
interactive dynamics and relational attributes of the innovation process has been only
slightly explored by innovation systems’ research. Instead, despite its valuable
potential to explain the innovative ability of a nation, the main strand of research on
innovation systems (the national-level approach) has been empirically implemented
largely through static comparative analyses of structural components of the system in
different countries or regions. Such studies are based mainly on statistics of R&D
activities (Viotti, 2002) and quantitative indicators of other components of the system
such as bridging institutions (Spielman & Kelemework, 2009), customer demand and
finance institutions (Senker & Van Zwanenberg, 2001; Pittaluga & Vigorito, 2005). This
sort of research pays almost no attention to relational or collaboration patterns within
the system, and hence is unable to capture the complexity of actors and linkages at

low levels of aggregation (Carlsson et al., 2002, p236).
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Moreover, the focus on R&D investments or other structural indicators is not
appropriate for the study of emergent technologies for which specific R&D statistics
are usually non-existent (Ekboir, 2003, p574), not least for the assessment of emergent
innovations in underdeveloped countries (Spielman & Kelemework, 2009). In such
contexts, the ‘innovation system’ as has been defined, may not exist yet, interactive
relations between actors are still being developed (Padilla-Pérez et al., 2009, pp145-6),
and scattered R&D efforts are made by some related or unrelated actors, mainly from
the public sector. Results from studies that applied this sort of structural approach
have also shown it to be insufficient to explain innovation outcomes, leading their
authors to conclude that more attention should be paid to knowledge-sharing spaces
and the attributes of the system that are affecting the coordination, interaction and
integration of capabilities between actors in the system (Spielman & Kelemework,
2009, p18; Arocena & Sutz, 2002; Hall, 2006). The present study is expected to
contribute to this body of literature by means of adopting a relational perspective in
the empirical exploration of R&D collaborations and knowledge integration between

actors within the system.

One key attribute affecting the performance of an innovation system is its capacity to
change as an adaptive response to changes in the environment (Carlsson et al., 2002).
As suggested by Carlsson et al., systems’ ‘[c]hange can be generated endogenously:
new components (actors, technological artefacts) are introduced while others exit; the
relationships among the components change; and the attributes (capabilities of actors,
nature and intensity of links among actors) change’ (Carlsson et al., 2002, p235). Such
suggested attention of systems’ approaches to the available capabilities and
complementary collaborative relationships between actors (given its relevance for
systems’ adaptation and performance) has been hindered by empirical constraints
shared by most innovation systems’ approaches. In particular, the definition of the
whole system as the unit of analysis of all innovation systems’ studies precludes
making comparisons at lower levels of aggregation, for example, between
organisations and between different linkages among actors of the system (Carlsson et

al., 2002). Along these lines, a comparative assessment of different systems’
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approaches on innovation has suggested that most system frameworks fail to consider

complementarities between actors in the system (Markard & Truffer, 2008).

As suggested by Carlsson and Stankiewicz, ‘...by studying the [complementarity]...and
the linkages between micro units and entire sectors of the economy, economic
growth...can be better understood. In this view, the macro economy is not simply the
aggregate of various micro units but is regarded also as a complex network of micro
relationships’ (Carlsson & Stankiewicz, 1991, p94). Such lower-level analyses would
allow a better understanding of the internal dynamics of the system and its driving
forces, and vyield policy lessons for improving the functioning of the system — if the
scope of the empirical research encompasses the most relevant incumbents in the

technology-specific innovation system.

The rather usual meso-level studies of the structure of an innovation system and its
past evolution (Carlsson et al., 2002, p236) bring only vague insights about the
system’s influence on the patterns of interaction between social actors (Arocena &
Sutz, 2002). This critique suggests that innovation systems’ studies need further
research on the patterns of interaction among actors at lower levels of aggregation
(Carlsson et al., 2002, p236) and on how these local actors integrate complementary
knowledge assets distributed throughout the system“. As an example, despite strongly
focusing on the pervasive need of establishing linkages and synergies between actors
in the system, Johnson & Lundvall (2000) suggest a rather descriptive approach to such
existing or missing links, but no questions are presented on what may be affecting the
collaborative exploitation of complementary knowledge and competences. Answering
that question may also provide a guide when addressing another relevant question,

namely, Why do relevant interactions not occur?

Surprisingly, authors of these meso-level studies of innovation-systems claim that this
vein of research has been intended to explore, among other aspects, whether or not
there may be potential linkages and synergies between actors that are being left

unexploited within the system (Fagerberg, 2005, p12). It is argued here that the

"' As is defined and discussed in the next section, this research explores collaborative knowledge
integration within the boundaries of a technology-specific innovation system.
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structural approach usually applied in empirical studies of innovation systems is not
able to address this sort of enquiry. Assessing this issue requires a lower (micro) level
of disaggregation in the analysis, the identification of relevant actors, their knowledge
assets, and existing collaborative linkages between them, in order to empirically
estimate the degree of complementarity between collaborating actors as well as the

factors affecting the exploitation of complementary knowledge and capabilities.

An interesting element added by the previous paragraph is the conceptual reference to
potential synergies (Fagerberg, 2005). For the purpose of this research, it is understood
that potential synergies refer to pairs of actors in the system that, when a coordination
or collaborative linkage is effectively formed between them, then enhanced research,
development or innovation performance will be observed. But: where does such an
assumed increase in performance — when a potential linkage is realised — come from?
The answer to this question, implicit in the definition of potential synergies, is the
conceptualisation of complementarity (Pfeffer & Salancik, 1978; Teece, 1986; Dyer &
Singh, 1998; Gulati & Gargiulo, 1999) between actors in the system in terms of their
capabilities and other resources. On this basis'?, better innovation outcomes are
expected when the complementary knowledge assets of two R&D groups or
organisations are joined and exploited through different sorts of inter-organisational
collaborative arrangements (Hage & Hollingsworth, 2000; Grant & Baden-Fuller, 2004;
Dyer & Singh, 1998).

The latter two paragraphs provide a general idea of three key aspects of this research:
(i) the problem being addressed: collaborative integration of knowledge assets and its
determinants; (ii) the conceptual framework: assessment of the extent of
complementarity between actors’ knowledge assets and its driving forces within a
wider system framework; and (iii) the relational approach introduced in our method in
order to address the research questions: a micro-level disaggregation of actors, their
knowledge assets and collaborative relations. A deeper analysis of the concept of

complementarity and knowledge integration is presented below in Sections 2.5 and 2.6

2 The conceptual basis of resource interdependence or complementarity and its implications for the
empirical implementation of this study are discussed in section 2.5.
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respectively. This conceptual and empirical orientation of the present study is intended
to contribute to some extent to the innovation systems’ literature addressing specific
issues identified above, that require further development as has been claimed in the
scholarly work critically reviewed here. Such spaces for research contributions are

reviewed and discussed in the remaining of this section.

Some advocates of the innovation systems framework have recognised the still limited
development and consistency of this approach both theoretically and in its empirical
results (Edquist, 2005), if sound policy lessons are to be obtained from its application.
As an example, the need for further studies of how collaboration networks develop and
evolve within sectoral systems has been stressed by Malerba (2005). Furthermore,
specific empirical studies on agricultural innovation in developing countries support
this argument. Spielman & Kelemework®® conducted a comparative study of
agricultural innovation systems in 35 developing countries, based on four domains of
structural indicators: (i) knowledge and education; (ii) bridging institutions; (iii)
business and enterprise, and (iv) enabling environment (Spielman & Kelemework,
2009). Their results showed that either independently or in an aggregated way these
structural indicators alone did not provide evidence of a clear relationship with the
system’s performance (measured as agricultural GDP). Figure 2.1 below illustrates such
a poor relationship that the index* built by these authors to assess the structural
development of the innovation system showed against agricultural GDP (comparison
among 35 countries). Given this weakness of the structural approach to account for
innovation performance, the same authors suggested that additional information
related to ‘integrative processes of communication, exchange and learning’, and
linkages among actors (Spielman & Kelemework, 2009, p18) is required to explain the

observed performance differences between systems.

" The authors based their study on a systems’ framework developed by Arnold & Bell, 2001.
 The authors named their index as ADII (Agriculture, Development, and Innovation Index).
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Figure 2.1: Relationship between an aggregate structural indicator of the innovation
system against its performance measured by agricultural GDP (Spielman &

Kelemework, 2009, p16)
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Source: reproduced from Spielman & Kelemework (IFPRI15 discussion paper 00851, 2009, p16).

In other words, when studying agricultural innovation systems, attention should be
focused on the attributes of the system that are shaping knowledge-sharing and
collaboration among actors as well as on their effectiveness in supporting
technological change (Arocena & Sutz, 2002; Hall, 2006). Along the same line of
argument, a number of authors, trying to identify other relevant factors affecting the
performance of an innovation system, have pointed to the access to external sources
of knowledge and other resources through inter-organisational networks as a key
determinant of the system’s performance (Edquist, 2005; Powell et al., 1996; Giuliani

& Arza, 2009).

A general account of the innovation systems’ literature, its contributions and
limitations has been presented in this section. To sum up the discussion developed

here, it has been suggested that the sort of static structural assessments employed in

" The International Food Policy Research Institute (IFPRI) allows the reproduction of pieces of this work
for non-profit purposes, without their written authorisation.
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empirical studies of innovation systems still needs to be complemented with sound
relational perspectives in order to capture the complexity of actors and linkages at low
levels of aggregation (Carlsson et al.,, 2002, p236). From a narrower perspective,
further research is required on how inter-organisational linkages in the system are
developed, especially studies paying deeper attention to collaborative processes for
the integration of complementary knowledge and R&D capabilities among actors, and
to the main forces shaping the extent of collaborative knowledge integration
accomplished by partner organisations. This is partly addressed in this research
through an exploration of R&D collaborations among public research organisations. It
remains to further explore what the systemic studies performed at different levels of
analysis or boundaries (technology- and sector-specific system studies) may
conceptually and empirically add to the present research. Therefore, the subsequent
two sections respectively review approaches to study innovation systems at the level

of specific technologies and sectors.

2.3.2 Technological innovation systems

This section briefly reviews studies of technological innovation systems (TIS), a vein of
thought within the broad field of innovation system studies that was introduced in
Section 2.3.1. Such a review is intended to explore whether or not taking a technology-
specific perspective on the innovation system may be valuable in addressing the
research question presented by this study. Moreover, the implications of the degree of
development of the technology being explored on the dynamics of the system in
general, and R&D collaboration in particular, are addressed. We start this discussion by

reviewing the origins and foundations of the TIS notion.

The concept of a technological innovation system draws on the earlier definition by
Carlsson and Stankiewicz of technological systems as a ‘network of agents interacting
in a specific economic/industrial area under a particular institutional infrastructure and
involved in the generation, diffusion and utilization of technology. ...They consist of

dynamic knowledge and competence networks’ (Carlsson & Stankiewicz, 1991, p111).
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More recently, technological innovation system516 focused the analysis on ‘networks of
actors and institutions that jointly interact in a specific technological field’ (Markard &
Truffer, 2008, p611). Similarly, technological innovation systems were defined as
‘socio-technical systems focused on the development, diffusion and use of a particular
technology’ (Bergek et al., 2008, p408). These contributions highlight the relevance of
performing technology-specific studies of innovation from a system perspective

(Hekkert et al., 2007, p417).

When analysing innovation systems surrounding a specific technology, the stage of
development of the technology being studied is a key determinant of the dynamics of
the system. On the one hand, we recall here the concept of technological regimes
proposed by Nelson & Winter (1982) to refer to established technologies. This concept
assumes that problems are known and solved through certain organisational and
cognitive routines, in this way maintaining stable technological trajectories (Geels,
2002). In contrast, these assumptions cannot be made for a technological innovation

system in its emerging phase.

In such emergent technological systems, a number of new related technologies are in
their initial stages of use and adaptation, their potential applications are still being
explored, and demand is unarticulated (Bergek et al., 2008). Therefore, the system
dynamics are characterised by high uncertainty and the central developments take
place mainly at the level of scientific knowledge, advanced skills and R&D capabilities.
In fact, it has been argued that an emergent technological innovation system is still an
ideal construct built from disconnected sub-systems (Bergek et al., 2008; Arocena &
Sutz, 2002). Therefore, the system as a whole is challenged in terms of being able to
effectively exploit its distributed sources of knowledge and competences in order to
develop the absorptive and learning capacities necessary to strengthen the system.
Another branch of literature that explores emergent technological systems is what has
come to be called strategic niche management research. We found worthy of note

how this research stream stresses the particular importance of local exploratory

'® Hekkert et al. (2007, p417) refer to these as ‘technology specific innovation systems’.
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projects” as a ‘space for interactions between actors and the building of social
networks’ (Geels & Raven, 2006, p377). The ‘learning and articulation processes’
allowed by these local experimental networks support the subsequent development,

adjustment and establishment of new technologies (Geels & Raven, 2006, p377).

The present research focuses on biotechnology as a case of an emergent technological
innovation system in the context of a single developing country (Uruguayls). The
increased complexity of technology development processes referred to above has
resulted in a reduction of the gap between science and technology, at least in some
technological fields (Pavitt, 1987; Gibbons et al., 1994; Hessels & van Lente, 2008).
Biotechnology is a clear example in which science and technology are intricately
interrelated (Powell, 1999; Bisang et al., 2009). Such a close relation between science
and technology in biotechnological innovation systems results in increased potential
opportunities for interaction between agents in any position of the science-technology
continuum (Gongalves do Valle et al., 2002). Exploiting such potential synergies
becomes particularly relevant, thus making biotechnology an interesting case for the
study of the patterns of integration of complementary scientific knowledge and R&D
capabilities through collaborative research activities. This pervasive need to integrate
distributed knowledge assets is even more relevant when the boundaries of the
analysis are set within a developing country where limitations on R&D resources and
capabilities are emphasised, while such resources are located mainly in the public
sector but distributed among several public R&D groups and organisations. A deeper
discussion on why to focus this research on a developing country — and particularly
Uruguay — is developed in Section 3.3, while the next section reviews scholarly work on
sectoral innovation systems and explores what a sector-specific perspective could add

to this research.

7 Some empirical and methodological implications of the relevance of these exploratory projects are
discussed in section 2.4.
' The rationale for conducting this study in Uruguay is presented in section 3.3.
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2.3.3 Innovation systems from a sectoral perspective

This section discusses the literature on sectoral systems of innovation as a basis to
define the level of analysis for the present research. It is argued here that the study of
collaborative knowledge integration requires a sector-specific research approach. A
sector has been defined as a ‘set of activities unified by linked product groups for a —
given or emerging — demand and which share some common knowledge’ (Malerba,
2005, p385). Malerba suggested a definition of innovation systems based around
specific sectors, establishing the boundaries of the system on the basis of the sector’s
knowledge and technological domains, actors, networks and institutions (Malerba,
2005). The same author suggests that sectors differ in their knowledge domains, in the
accessibility to knowledge and sources of technological opportunities, thus claiming
the need for sector-specific studies. For example, the role played by research
institutes, universities, government agencies and financial organisations may vary

across sectors (Malerba, 2005).

In view of the diverse sectoral contexts referred to above, specific emergent
technologies that have potential horizontal applications across many sectors (e.g.
biotechnologies) may well face differing enabling conditions for their adaptation and
adoption depending on the sector where the technology is introduced. It is argued
then that, when such emergent technologies are the subject of research, as is the case
of biotechnology for this study, the dynamics of innovation and knowledge integration
should be investigated at the intersection of technological and sectoral systems of
innovation. This is supported by a comparative study of biotechnology innovation in
three sectors (pharmaceutical, agri-food, and equipment and supplies) in European
countries, which found ‘that the development of biotechnology...takes place mainly at
the sectoral level’ due to sectoral differences in local and global public perceptions and
market demand (Senker & Van Zwanenberg, 2001, p13). This justifies performing
sector-specific studies of collaborative knowledge integration on emerging
technological fields and has implications for the generalisation of the results obtained

from such studies to other sectors.
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Taking into account the arguments developed above on the need for technology- and
sector-specific studies, the present research has explored the integration of
complementary knowledge assets through collaborative R&D arrangements within the
intersection of the agriculture sector and the emergent biotechnology innovation
system, and within the boundaries of a Latin American developing country, that is to
say Uruguay. Having defined the technological, sectoral and national boundaries for
our study, we can now turn our attention to the main dynamics where the
development of biotechnology innovations applied to developing-country agriculture
takes place. This involves focusing our analysis on the key system actors involved in

collaborative processes for the integration of knowledge assets.

Looking first at the main actors involved in the development of innovations in the
agriculture sector, we argue here that public R&D organisations play a key role in this
process. Sources of innovation for agriculture may include: the farmers, producer
organisations, universities, other research institutes and centres, industries delivering
agricultural supplies — such as seeds, machinery, tools, pesticides, veterinary products
and fertilisers — and the food industry (Possas et al., 1996). From Keith Pavitt’s
taxonomy, agriculture is defined as a ‘supplier-dominated’ sector (Pavitt, 1984),
meaning that primary-producers or farmers are seen more as users than producers of
innovations despite some process innovations being developed by farmers through
incremental learning-by-doing (Possas et al, 1996; Hall, 2006). What we want to
highlight from this perspective is that upstream industries (private input suppliers) and
public R&D organisations that adapt or develop new product and process technologies
are the main sources of innovations for this sector (Possas et al., 1996). Therefore,
processes of knowledge integration among these types of actors in the system should

be explored in order to address our research questions.

Many of these upstream industries, such as the suppliers of seeds and pesticides, can
be characterised in Pavitt’s terms, as ‘science-based’ or knowledge-intensive
industries. Technology development performed by public research organisations in
these fields is also highly based on advanced scientific knowledge and technological
capabilities. It is important to recall also that many technological products and

processes developed to solve problems of agriculture production have a very low
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“...degree of technological appropriability ...implying a considerable lack of
attractiveness of R&D and other innovation efforts specifically by agricultural
firms,...suggesting also an image of technological backwardness and low productivity
gains’ (Possas et al., 1996, p936). Therefore, public research organisations play a highly
relevant role as central sources of science-based and knowledge-intensive
technological products and processes for agriculture. The role of public sector research
is also emphasised in the context of developing countries. Therefore, in the next

section we review specific literature on innovation systems in these types of countries.

2.3.4 Innovation system perspectives and agri-biotechnology in developing countries

This section analyses the implications of adopting an innovation system perspective in
the context of developing countries. The argument presented above has emphasised
the collective nature of innovation and the increasing relevance of inter-organisational
collaborations for system performance. The importance of these interactions is even
more significant in developing countries where specialised knowledge bases, critical
mass, infrastructure, technological R&D capabilities and funding for research and
innovation activities are scarce and distributed among many actors (Lundvall et al.,
2002; Viotti, 2002; Bortagaray, 2007). Besides the available resources for researchers
being scant in small developing countries, they also face poor employment and future
career opportunities, a context that particularly affects young researchers who in
many cases end up migrating to countries that offer more compelling career
perspectives (Bortagaray, 2007, p106). In order to picture the dimension of this brain-
drain problem in Latin America, it has been noted that 50 % of the migrants from this
region that go to developed countries have higher education training (Brundenius et

al., 2009, p323%).

Looking through a systems’ perspective in developing countries, Arocena and Sutz
have claimed that ‘...socio-economic behaviour regarding innovation at national level

is, in fact, hardly systemic...[and] that the micro-innovative strengths, that really exist,

' The authors cite a report from the World Bank (2002).
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often remain isolated and encapsulated, thus weakening remarkably their potential
contribution to the competitiveness of national economies’ (Arocena & Sutz, 2002,
p6). A subsequent study observed this ‘encapsulated’ character of most innovation
and learning practices in a small developing country, namely, Uruguay; in particular, it
was suggested that innovation in Uruguay takes place as rather isolated efforts made
by actors that are usually poorly connected to other actors in the system (Bortagaray,
2007, p78). For the specific case of the agri-biotechnology system in Uruguay, it was
observed that linkages among local actors are weakly institutionalised, namely there
are only a small number of inter-organisational relationships, while these are mostly
short-term links driven by informal inter-personal relations and aimed at solving very

narrow problems (Bortagaray, 2007, p273).

This isolated character of research and innovation efforts and the poor development of
long-term shared visions along the technological system hinder the deployment of
cumulative technological-learning processes and hence the innovation performance of
the system as a whole (Bortagaray, 2007, p341; Lundvall et al., 2009). On those bases,
it has been claimed that in less developed countries innovation processes of a clear
interactive nature are poorly or not institutionalised throughout the social and
economic structures of the system, suggesting a pervasive need for strengthening the
links with, the access to, and the use of different sources of knowledge within the
innovation system (Bortagaray, 2007, pp69, 78). Based on these attributes of
innovation in small countries, Arocena and Sutz suggest that while the innovation
systems’ framework might be said to be an ‘ex-post’ concept for developed nations, it
can be seen as an ‘ex-ante’ concept for developing countries (Arocena & Sutz, 2002,

p6; Lundvall et al., 2002).

In line with this argument, it has been argued that agricultural innovation systems in
Latin America are more a theoretical idea than a reality, since there is not an effective
systemic structure; there is a lack of instruments for institutional governance20 and a

significant presence of ‘cannibalism instead of synergy’ between organizations (Salles-

 In the cited paper, the term institutional governance mechanisms refers mainly to support and
guidance bodies such as research councils and governing boards (Janssen & Braunschweig, 2003).
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Filho et al., 2006, p1521). Moreover, despite the creation of organisations to support
innovation in the agricultural sector having been a common policy in Latin America, it
is argued that they have acted only rather weakly as bridges between actors of the
innovation system (Arocena & Sutz, 2002). All this provides a broad picture of the
atomisation of actors in agricultural innovation systems in developing countries,
showing a truly poor systemic functioning as a result of weak interaction and
coordination among actors in the system. Such a picture is far from the sustained
interactive learning processes (by means of realising the complementarities and
opportunities offered by local sources of skills and knowledge) which are the basis for
the building of system-level learning, technological and innovation capacity (Arocena &
Sutz , 2002; Viotti, 2002; Bortagaray, 2007; Lundvall et al., 2009). Such an atomistic
picture of agricultural innovation systems in Latin America makes even more pertinent
the study of factors that may be affecting the collaborative integration of distributed
sources of knowledge and R&D capabilities in emergent technological fields. This
argument underpinned our selection of agri-biotechnology R&D processes within a
developing country as the conceptual and geographical focus for our empirical

research.

Under the resource scarcity and weak connections among actors described above, the
absorption of external technological opportunities (Viotti, 2002) and system-level
innovation are even more dependent on a proper establishment of interactions and
the actual exploitation of complementarities among actors and components of the
system as well as on access to foreign sources of knowledge (Luo et al., 2009;
Bortagaray, 2007, pp86, 106). After studying agri-biotechnology innovation systems in
two Latin American countries®? and New Zealand, Bortagaray (2007) claimed that ‘[a]
single agr[i]-biotechnology firm in a small country, often a small firm, will rarely have
enough breadth and depth of resources to deal with different fronts like investment,
production, strategic direction, core scientific skills, etc. Then often the case is that

firms rely on some external actors/sources to complement for those missing resources’

! The authors use the term ‘cannibalism’ referring to a weak ability to integrate knowledge between
actors of the system — mainly from the public sector — due to severe competition for resources, and
other sorts of rivalries within the system (Salles-Filho et al., 2006, p15).

*? Costa Rica and Uruguay.
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(Bortagaray, 2007, p86). Such a picture of limited availability of resources — and hence
pervasive reliance on relations with complementary actors — saliently characterises the

nature of technological innovation in developing countries.

Along these lines, for the case of the agri-biotechnology system in Uruguay, Bortagaray
observed that the private sector is very small; there is a small number of firms so the
extent of competition is limited (Bortagaray, 2007, p295). In general, firms do not have
specialised R&D departments while they only have in-house the most critical research
facilities. Therefore, firms rely mainly on the local public research sector or
occasionally on foreign partners for the access to advanced or more complex R&D
capabilities (Bortagaray, 2007, p313). Such a low technological level of the private
sector and its high reliance on external sources of knowledge and technological
capabilities are not specific attributes of the Uruguayan case but reflect a frequent
character of innovation systems in developing countries (Padilla-Pérez et al., 2009,

p145).

The limited research and technological capabilities of private actors in developing
countries suggest that public research organisations in this context may play a
different role to the one played in developed nations. Studies conducted in developed
countries have suggested that the benefits to firms from public research result, to a
large extent, from the recruitment of university-trained personnel (Rosenberg &
Nelson, 1994, p346) and the access to scientific publications as sources of new ideas
and research abilities to address the solution of complex problems (Salter et al., 2000;
Salter & Martin, 2001). Some STI scholars have claimed that even for developing
countries the most important type of relationship between public sector research and
firms is the “...recruitment of well-educated graduates’ (Brundenius et al., 2009, p319).
We disagree with this claim since, given the limited ability of private actors in
developing countries to hire qualified graduates, public research organisations become
— besides the roles referred to earlier in this paragraph — key sources of industry
specific knowledge and technological capabilities that private actors are not able to
develop internally (Mazzoleni & Nelson, 2007; Padilla-Pérez et al., 2009, p173;
Bortagaray, 2007). Nevertheless, it has been observed that there is limited trust and a

dominance of competition within the public research sub-system of some developing
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countries; a common picture is that researchers tend to ‘...work alone and perceive
other groups as competitors rather than as collaborators’ (Bortagaray, 2007, p274).
This is undoubtedly a barrier for the exploitation of local intellectual capital through
interactive learning processes, hence undermining the potential impact of local
capabilities on innovation, economic growth and development (Lundvall et al., 2009b,
p18). Given the patterns of technological innovation described above, pursuing a well-
developed network of inter-organisational linkages for the collaborative integration of
different bodies of knowledge (Rafols, 2007) and complementary capabilities of public
research organisations becomes a salient element towards raising the capacity of the
system as a whole to absorb external technological opportunities in small developing

countries.

In relation to the need for strengthening the relationships among local actors referred
to above, it has been claimed that a coherent institutional framework becomes a key
system component allowing (or hindering) the development of technological
capabilities as well as the exploitation of the opportunities for complementarity,
innovation and economic development offered by the capabilities functionally in place
throughout the whole system (Lall, 1992; Bortagaray, 2007, p354; Padilla-Pérez et al.,
2009). The aggregation of actor-level technological capabilities into system-level
innovation capability depends, to a large extent, on institutions and policies supporting
the realisation of complementarities and interactive learning (Lall, 1992; Padilla-Pérez
et al., 2009). In this regard, besides poor patterns of interaction among actors in the
system, developing countries usually show weak formal institutions supporting those
interactions (Padilla-Pérez et al., 2009, pp143-5). Therefore, we argue that careful
attention, improvement efforts and specific scholarly studies should be targeted at
institutions, incentives and policies that may be underpinning the excessively
competitive environment and scarce trust-based relationships among public research
actors referred to above, hence hindering collaborative efforts for the integration of

complementary knowledge across organisational boundaries.

Another element that deserves consideration is the pervasive attention that has
usually been paid by systemic studies of innovation to R&D activities in private

organisations. In developed nations, firms are the main performers of R&D activities
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but the figures change when we consider the context of a developing country and an
emerging technological field. In such a context, firms share a minority of total
investments in R&D and employment of scientists (Viotti, 2002, p673; Brundenius et
al., 2009), while public research organisations encompass most knowledge assets and
R&D activities. Hence, under these circumstances public research is at the centre of
technological learning processes (Viotti, 2002; Edquist, 2005). Therefore, we suggest
that in this context, the development of proper interactive and collaborative knowledge
integration patterns between public R&D actors® becomes a salient determinant of the
technological absorption and development abilities of the system as a whole. Inter-
organisational collaboration networks are seen here as the locus of technological

absorption (Viotti, 2002) and locally adapted innovations (Powell et al., 1996).

Previous research illustrates the contrasting situations referred to above. A
comparative study performed by Viotti showed that while in Korea 82% of the R&D
investment was of private origin (in 1992), in Brazil, private organisations only
accounted for 18% of total investments in R&D (in 1994) and employed only 5% of the
scientists (Viotti, 2002, p673). These figures for Brazil have changed in the last two
decades, but in 2004, public investments still accounted for 60% of total investments
in R&D in this country (OECD, 2012) while the private sector employed only 26% of the
scientists — in 2003%* (Brundenius et al., 2009, p324). In the case of Uruguay, private
investment accounts for only for 33% of total national investment in R&D (DICYT,
2010) while in Argentina only 23.3% of the R&D investments made in 2010 came from
private sources (OECD, 2012). This allows us to conclude that for developing countries
with such weak private participation in R&D activities, approaches to studying
emergent technological systems must pay much greater attention to the dynamics of
knowledge generation in the public domain and to inter-organisational interactions
and knowledge integration processes among public R&D organisations. Consequently
this was taken into account in the methodological approach developed for this

research project, by means of analysing collaborative activities between public

23 . . . .. R .
e.g. research institutes, universities, public laboratories, etc.

*In comparison, private sector employment of researchers in 2003 was 12.5% in Argentina, 49% in the
European Union and 80.5 % in the United States (Brundenius et al., 2009, p 324).
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research groups or organisations carried out during the implementation of local R&D

projects in Uruguayzs.

Under the sort of structural limitations described above and possessing limited and
distributed R&D capabilities, Viotti (2002) argued that the main capability that a
developing country should strive to develop is its technological learning capacity®.
Such system-level capacity encompasses the ability to absorb and use technological
knowledge and artefacts developed elsewhere and to perform incremental
improvements on them (Viotti, 2002). Therefore, a need is suggested for additional
research paying deeper attention to the availability, building and actual exploitation of
scientific and technological capabilities throughout the whole innovation system,
which are the main drivers of the technological learning capacity of the local system

(Viotti, 2002; Edquist, 2005).

Proponents of the technological innovation systems approach are aligned with the
previous argument since they focus on the absorptive capacity of the system more
than on new technology development (Carlsson et al., 2002). As proposed by the
authors, ‘[gllobal technological opportunities are practically unlimited...; the main
focus is on how well the system can identify, absorb, and exploit global technological
opportunities. This means, e.g. that it may be more important to raise absorptive
capacity than to create new technology’ (Carlsson et al., 2002, p237). It has been
suggested that the ability to learn from interacting with overseas actors or from
foreign direct investments depends on a well-developed system-level absorptive
capacity (Lundvall et al., 2009b, p17) while the latter relies mainly on the technological
capabilities of the actors in the system and a set of institutions enabling their
complementary exploitation (Bortagaray, 2007, p354). Similarly, and agreeing with
propositions of Viotti (2002) regarding the relevance of technological learning

(absorption and adaptation), instead of innovation per se in developing countries, Fuck

% As noted earlier, the rationale for conducting this study in Uruguay is presented in Section 3.3.

*® The opposition between innovation capacity and technological learning capacity suggested by Viotti
(2002) is contested by Lundvall et al. (2009b, p9) arguing that the initial definitions of innovation and
innovation systems made by Christopher Freeman and Lundvall encompassed not only the original
development of new technology but also — being in fact more important for economic growth — its
diffusion, absorption and use, even when the technology was developed elsewhere.
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and Bonacelli claim that “...the large technical and economic scale required to develop
new biotechnology puts developing countries in the position of being mere recipients
and adapters of this technology’ (Fuck & Bonacelli, 2008, p37%’). It is argued here that
such a large scale demanded even for the adoption, adaptation and application of
biotechnological techniques in local R&D projects results in a pervasive need in
developing countries for the coordination and integration of the limited distributed
local R&D capabilities. Therefore, the integration of local sources of knowledge
through collaborative inter-organisational R&D projects, and the factors that may
shape this process — what we refer to as collaborative knowledge integration —
become relevant subjects of study. We argue that addressing them may well grant a
better theoretical and empirical understanding of the emergence and development of
a technological innovation system, representing also a relevant contribution for policy-
making towards raising the system-level absorptive capacity within the context of a

developing country.

To sum up, a suitable conceptual and methodological application of the relational
nature of the innovation systems’ framework becomes a valuable research approach
for the study of innovation processes in developing countries (Arocena & Sutz, 2002),
contributing thus to the extant literature on this field. This can also yield new
knowledge and relevant lessons for both policy-making and management of
agricultural science, technology and innovation. This subject matter has been
recognised as a limitation of innovation system studies given that, despite their
systemic or relational intent, the structural approach commonly used does not
effectively capture the (micro-level) linkages between actors and components in the

system (Senker & Van Zwanenberg, 2001; Carlsson et al., 2002; Lundvall et al., 2009b).

Similarly, taking the whole system as the unit of analysis was argued above to be a
limitation of all innovation systems’ perspectives (Carlsson et al., 2002). The present
research contributes to this body of scholarly research through the definition of a
lower level of analysis — the single public research organisation or group — but keeping

the scope and boundaries of the whole technological innovation system. In particular,

?’ The authors cite Bisang & Varela (2006).
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the study performs an analysis of the influence of actor-*® and system-level attributes
on the extent of integration of complementary knowledge assets achieved by public
R&D groups through inter-organisational arrangements, but limited to the specific
boundaries of the biotechnological innovation system (Carlsson et al., 2002; Bergek et
al., 2008) and within the national and sectoral delimitations of Uruguayan agriculture.
The boundaries of each R&D group were empirically defined in our study through our
survey to R&D project leaders, namely they were asked to report the whole list of

members of the R&D group.

The selection of this boundary-setting criterion and level of analysis was made on the
grounds that it is particularly suitable for the analysis of emerging technological
systems in developing countries where public sector research plays a key role in the
emergence or absorption of new technologies. Finally, by performing an empirical
relational assessment of collaborative knowledge integration within the studied
system, which represents a perspective that has been weakly addressed in the system
literature (Carlsson et al., 2002; Lundvall et al., 2009b), this approach bridges scholarly
studies in sectoral and technological innovation systems with research on inter-
organisational collaboration, R&D partnerships and networks. A critical account of

these latter fields of research is presented in the next section.

2.4 Inter-organisational partnerships and networks

Previous research has claimed that the rapid advances in science and technology have
led to more complex forms in the organisation of research, technology development
and innovation processes (Dosi, 1988; Gibbons et al., 1994; Coombs et al., 2003). The
increased systemic complexity referred to above results in a dense picture of
complementary capabilities, technologies and resources distributed across the system
that need to be smoothly integrated in order to undergo a successful innovation
process. This moved the locus of innovation from the single organisation to collective

organisation forms that allow interactive processes between actors (Powell et al.,

28 o . . .
Individual organisation.
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1996; Salles-Filho et al., 2006; Powell et al., 2012). As suggested by Powell for the
emergent bio-technological innovation system, “...the knowledge base is both complex
and expanding and the sources of expertise are widely dispersed. ...organisations
interact more, not less, with external parties in order to access both knowledge and
resources. Hence, the locus of innovation is found in networks of learning, rather than
in individual firms’ (Powell, 1998, p229). Consequently, the development of inter-
organisational arrangements — among others — and the access and integration of
external complementary resources become increasingly important for the innovative
performance of both individual organisations (Rothwell, 1977; Hagedoorn, 1993;
Rosenkopf & Nerkar, 2001) and an innovation system as a whole (Carlsson et al., 2002;

Lundvall, 2005; Bergek et al., 2008).

Within this context, organisations try to complement their own competences, or learn
and develop new in-house capabilities through accessing and integrating external
sources of knowledge, skills and other resources (Powell et al., 1996; Powell, 1998).
The rationale for collaborative arrangements has been explored from diverse
theoretical and empirical perspectives. Studies of innovation and organisational
behaviour have suggested resource and capability complementaritieszg, costs’
reductions, the development of economies of scale and scope in R&D, understanding
users’ needs, strategic coordination, and capability building (inter-organisational
learning) as the main explanations for the emergence of collaborative initiatives for
improved technology development and innovation (Teece, 1992; Hagedoorn, 2002;
Gongalves do Valle et al.,, 2002; Salles-Filho, et al., 2006). From their perspective,
organisational science and inter-organisational network studies suggest that one of the
main drivers of collaborative relations is the existence of complementary resources
between organisations in the system (Dyer & Singh, 1998, pp666-7; Gulati & Gargiulo,
1999; Gulati et al., 2011). In this context, inter-organisational collaborations enhance
innovation outcomes of the organisation by allowing resource-sharing, the
combination of complementary skills and access to knowledge spillovers (Ahuja, 2000,

p427).

» Knowledge and capabilities seen as intangible knowledge assets.
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Organisations that manage to access and integrate such complementary capabilities
have been claimed to show better economic performance (Teece, 1986; Colombo et
al., 2006). Along these lines, Johnson and Lundvall (2000, p15) suggest that ‘[a]s the
speed of change accelerates, it becomes more important...to get access to new
sources of knowledge (through recruitment, internal learning and networking)’.
Moreover, analysing the trend towards ‘a more distributed structure of innovation’,
Acha and Cusmano (2005) argued that ‘[t]he increasing importance of technological
partnerships is...related to [an]...increasing competence specialization and increasing
systemic complexity, the latter being described as increasing dependence on
complementary sources of knowledge and technological advancements’ (Acha &
Cusmano, 2005, p3). Therefore, the innovation process requires new forms of
organisation that frequently involve the development of effective collaborative
relations to access external knowledge (Coombs & Metcalfe, 1998; Johnson & Lundvall,

2000, p16; Hall, 2006).

Another (smaller) body of scholarly research has studied collaboration within public
research systems. These contributions are of particular interest for this research since,
as was argued earlier, for emergent technological systems in developing countries,
public research organisations play a key role in technological development (Padilla-
Pérez et al., 2009, p145). This body of research explores the rationales and motivations
followed by public-sector researchers when taking part in collaborative initiatives
(Heinze & Kuhlmann, 2008); the institutional barriers to collaboration (Laudel & Glaser,
1998); the relation between collaboration and academic performance (Van Rijnsoever
et al., 2008; Van Rijnsoever & Hessels, 2011); the nature, coordination and outcomes
of those collaborations (Cummings & Kiesler, 2005); and the patterns of rewards to the
collaborators (Katz & Martin, 1997; Laudel, 2001; Laudel 2002). The collaborative
rationales of researchers observed by these studies include, amongst others, the
realisation of organisational complementarities and the expansion of individual or
organisational research capabilities (Heinze & Kuhlmann, 2008). A more detailed
description of such rationales is presented in Table 2.1 below. As can be observed from
the Table, most drivers of collaboration between public R&D organisations involve

some form of integration of knowledge or R&D capabilities as a means to adapt to the
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increasing complexity of the organisation of research and innovation processes
referred to above (Gibbons et al., 1994; Coombs et al., 2003). Nevertheless, very few
studies have explored the factors influencing the extent to which collaborations
between public research organisations actually integrate complementary fields of

knowledge and research capabilities (Rafols, 2007; Rafols & Meyer, 2007).

Table 2.1: Rationales for collaboration between public-sector scientists or research
groups

General aim of collaboration Specific needs pursued
Need for complementary knowledge within or across scientific
fields.
Realisation of organisational Access to facilities, equipment, instrumentation and creative
complementarities in order to methods.
expand research capacity Access to research topics, questions and creative theoretical ideas

for basic or applied science.

Complementarity between basic and applied research.

Keep focus on specific research fields (specialisation).

Access to new research questions.

Improve current research capacity - - - -
Acquire new skills, methodological know-how and instrumental

techniques.

Build consortia to compete for external funds.

Obtain resources to conduct —
Access to students and junior researchers.

research activities

Capture research funding from firms.

Source: elaborated by the author based on Heinze and Kuhlmann (2008, pp893-4), Laudel (2001 and
2002), and Katz and Martin (1997).

In order to narrow down the scope of the research problem addressed by this
research, it draws on previous studies which suggest that the need for knowledge
integration among actors described above is even more prevalent when we deal with
emerging knowledge-intensive technological fields (Colombo et al., 2006; Heinze &
Kuhlmann, 2008; Powell et al., 2012) or when looking at developing countries (Arocena
& Sutz, 2002; Lundvall et al.,, 2002; Chaminade et al., 2009). Analysing knowledge
integration processes in emergent technological fields, researchers have observed that
the development and application of new technologies goes beyond traditional
discipline or sectoral boundaries (Rafols & Meyer, 2010). Large companies and
organisations may be able to develop internally a complex set of knowledge assets

allowing them to apply emergent technologies across diverse complementary
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industrial sectors (Janssen & Braunchsweig, 2003, p383°). Nevertheless, when we
consider how smaller organisations deal with this context of intricate
complementarities, they tend mostly to form inter-organisational collaborative
arrangements of different sorts, which have been shown to be closely associated with
the innovation performance of this sort of organisations (Niosi, 2003; Colombo et al.,

2006).

With regard to small developing countries, the scarcity of resources and skills makes
such countries particularly reliant on well-established complementarities between
actors and components of the system and, in a similar way, on a coherent set of
institutions and incentives to organisations and individuals, in order to enable the
realisation and exploitation of such complementarities (Lall, 1992; Bortagaray, 2007,
pp350 & 354; Padilla-Pérez et al., 2009). Nevertheless, the weak systemic character of
innovation processes referred to in the previous section (Arocena & Sutz, 2002) may
suggest that for developing countries, instead of considering collaboration networks as
a given structural component of the innovation system — as is the case in most studies
in developed countries — the actual establishment of effective collaborative relations
should be seen as an intermediate output of the system that should be pursued. This
does not pretend to neglect the value of networks in this context but casts doubt on
what should be the focus of empirical studies. In fact, the present study maintains that
instead of studying the structure of networks and its relation with actors’
performance, which has been broadly studied by scholars of this field (Ahuja, 2000;
Gulati & Gargiulo, 1999; Powell et al., 1996; Zaheer et al., 2010), for developing
countries the focus should be on the main forces promoting or hindering: (i) the
development of collaboration networks, and (ii) the extent to which these
collaborative linkages and networks are able to integrate complementary sources of
knowledge and capabilities (as an indicator of the quality of the collaborations and
their potential contribution to local innovation). This implies that looking at the
establishment of relationships is not enough to explain innovation outcomes; further

understanding is also required on the antecedents of the quality of those relationships

* The authors refer to large life science companies deploying interdependent capabilities on
‘pharmacology, agriculture, nutrition, medicine, etc.” (Janssen & Braunchsweig, 2003, p38).
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in terms of the extent to which they actually exploit potential complementarities
(Gulati & Gargiulo, 1999; Grant & Baden-Fuller, 2004; Colombo et al., 2006) and hence
their potential contribution to the solution of local technological problems (Lundvall et

al., 2009b, p19).

This is supported by Arocena and Sutz (2002) who recognise that one of the problems
faced by Latin American countries is their inability to use the local knowledge base as a
source of economic growth. To address this inability, the authors emphasise the need
to promote the development of ‘interactive learning spaces’ defined as ‘...more or less
stable situations in which some actors have opportunities to strengthen their
capacities to learn, while interacting in the search for solutions to given problems’
(Arocena & Sutz, 2002, pl11). This argument supports the claim of a need for
differential research approaches to the singular context of less developed countries.
Besides avoiding the static structural perspective usually applied by innovation-system
studies, an actually relational empirical approach should explore particularly how
relationships among actors are developed and to what extent these collaborations
integrate complementary sources of knowledge and capabilities distributed throughout
the system. Effective collaborations are understood as those integrating highly
complementary knowledge and capabilities (Teece, 1986; Grant & Baden-Fuller, 2004;
Colombo et al., 2006), which are assumed here to allow a proper development of the
absorptive and technological learning capacity of the entire system (Viotti, 2002), and
to foster the solution of societal problems (Van den Besselaar & Heimeriks, 2001),
hence enhancing the innovation potential of the system as a whole (Carlsson &

Stankiewicz, 1991; Lall, 1992; Cimoli et al., 2009).

The first part of this section has discussed the increasing relevance of collaborative
forms for the organisation of the innovation process, and how this is particularly
emphasised in the context of emerging technological fields and developing countries.
There is a large body of research that studies inter-organisational collaborations from a
resource-complementarity perspective (Teece, 1986; Grant & Baden-Fuller, 2004;
Colombo et al.,, 2006; Zhang et al, 2007). Moreover, a related field of scholarly
research has studied inter-organisational collaborations from a broader network

perspective (Ahuja, 2000; Powell et al., 1996; Zaheer et al., 2010).
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Scholarly studies of inter-organisational collaboration and networks have addressed, to
some extent, the sort of relational perspectives that, as was claimed in Section 2.3.1,
has been scarcely explored in the innovation systems literature. Research on inter-
organisational partnerships or alliances has largely explored the antecedents, working
and outcomes of collaborations between firms (Gulati, 1998; Gulati & Gargiulo, 1999;
Colombo et al., 2006; Luo et al., 2009). Lawton Smith and Dickson have examined
critical factors shaping the success of inter-firm collaborations, with a particular focus
on how the geographical context and common cultural content of the inter-
organisational interaction influence the collaborations’ outcomes (Lawton Smith &
Dickson, 2003). The authors identified a number of critical factors such as:
compatibility and common aims among partners; control over the joint efforts;
commitment and clear expectations; contractual arrangements; communication; trust
development; power asymmetries; contingencies; potential risks; and differences in
partners’ organisational and institutional context (Lawton Smith & Dickson, 2003).
With regards to the geographical and cultural context, the same scholars suggested the
relevance of cultural and geographical proximity as well as national and local
regulatory frameworks, conventions and other institutions (Lawton Smith & Dickson,
2003). Such formal and informal institutions underlie organisational rules, routines,
practices, attitudes, incentives to cooperate, business cultures, relational capability,
communication, flexibility, expectations, agreements and mutual engagement31;
consequently they affect the extent of technological learning from cooperation
(Lawton Smith & Dickson, 2003). The authors also argued that a common cultural
content facilitate working and learning among partners; this encompasses common
language, common technical knowledge, common organisational knowledge, common
market knowledge, and understanding of partners’ regulatory environment (Lawton

Smith & Dickson, 2003).

Other authors have examined how specific organisational attributes affect the ability

of an organisation to form collaborative relations with other actors and to obtain

3 Among all these critical factors, the author found communication to be the most important one
explaining the success of collaboration despite it is not a sufficient condition to achieve the desired
outcomes (Lawton Smith & Dickson, 2003).
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benefits from them (Dyer & Singh, 1998; Powell, 1998; Lorenzoni & Lipparini, 1999;
Colombo et al.,, 2006). Nevertheless, the usual empirical approach to study
collaborations does not provide an overall view of the innovation dynamics in the
whole system (Dyer & Singh, 1998; Corley et al., 2006). Moreover, researchers have
claimed that the determinants of inter-firm alliances aimed at the commercial
exploitation of an innovation (i.e. Teece’s thesis on ‘combination of specialized
complementary assets’) are clearly different from the factors shaping partnerships
aimed at integrating capabilities to perform explorative R&D projects (Colombo et al.,
2006). This justifies the value of performing a specific study on the determinants of
knowledge integration through the latter type of collaborative relations, namely R&D

partnerships, in the context of emergent technological innovation systems.

From their related strand, studies of inter-organisational networks may, in some cases,
encompass most actors in a sectoral or technological innovation system (Giuliani &
Arza, 2009; Powell et al., 1996). This vein of research has made sound contributions to
understand what drives the embeddedness of organisations within networks, and how
the structural properties of the network affect an organisation’s outcomes and
performance (Gulati, 1998; Gulati et al., 2011), and the formation of further
collaborative relations (Gulati & Gargiulo, 1999; Ahuja, 2000; Hagedoorn et al., 2006).
More recently, increased emphasis is being placed in studying the dynamics of network

evolution over time (Powell et al., 2005; Zaheer et al., 2010; Ahuja et al., 2012).

Nevertheless, the narrow focus of network studies on how direct linkages or the
structure of networks influence an organisation’s performance has largely overlooked
the actual type and value of the resources accessed by an organisation through inter-
organisational networks, which are the final determinants of how a network influences
the organisation’s performance (Gulati et al., 2011, p209). Consequently, some authors
have suggested that further research should move from the predominant focus on
structural network properties towards greater attention to the quality of the links of an
organisation in terms of the extent to which they ‘...enable the organisation to connect
with distant and diverse partners... [and what is] the potential value of the network
resources available to the organisation’; they also claimed for additional investigation

on the precursor factors that drive the actual exploitation of valuable complementary
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resources through collaborative links within a network (Gulati et al., 2011, pp208 &
221). Similarly, studies of knowledge integration among scientific disciplines have
argued that such a focus of the network literature on social-interaction and the
network structure has mostly overlooked the cognitive dimension of actors’
interactions, namely the actual flows and integration of different bodies of knowledge,
R&D capabilities and technologies among actors as a result of their interaction efforts
(Wagner et al.,, 2011). In other words, besides the structure of social interaction,
further understanding is required on the patterns of cognitive relatedness among
elements within a network (Leydesdorff & Rafols, 2011; Wagner et al.,, 2011). The
present research intends to contribute to this literature empirically, combining both
the cognitive and social integration dimensions described above, by means of exploring
the extent of knowledge-asset integration (the cognitive side) accomplished through
the implementation of collaborative R&D projects jointly conducted by public research
organisations (the social integration side). We discuss next why this form of

collaboration is relevant for the purposes of this study.

It is worth recalling at this point some definitions of the forms of collaboration
addressed in this research. An alliance has been defined generically as a mode of
“...voluntary cooperation in which organizations combine resources to cope with the
uncertainty created by environmental forces beyond their direct control’ (Gulati &
Gargiulo, 1999). Given we are exploring an emergent technological innovation system,
among the diverse forms and objectives that these inter-organisational arrangements
may pursue, the present study pays particular attention to R&D partnerships, namely
those collaborations aimed at generating new knowledge for the development of new
or improved products and processes. Formal or informal R&D partnerships have been
defined as those arrangements ‘where two or more ... independent economic agents
and organizations, share some of their R&D activities’” (Hagedoorn, 2002, pp477-8).
One drawback of extant empirical studies on collaborative R&D arrangements is that a
rather large proportion of them have focused on a single form of governance of the
collaboration, namely on research joint ventures between firms, that usually lasts a
long period of time (Colombo et al., 2006). But since in developing countries, as well as

in emergent technological systems most collaborations have lower degrees of
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formalisation and laxer structures (Bortagaray, 2007, p276; Lundvall et al., 2009b,
pl10), additional research is required on the determinants of complementary
knowledge integration in short-term collaborative R&D projects that play a relevant

role in the consolidation of these nascent technological systems (Geels & Raven, 2006).

A similar sort of bias on the types of collaborations studied is also reflected in studies
in developing-country agriculture. With a rather narrow focus, many studies on
agricultural R&D collaborations have paid attention mainly to partnerships developed
by multinational life-science companies, where the global company usually makes a
significant contribution in terms of advanced scientific capabilities (Hall, 2006).
Nevertheless, national collaborative interactions (their rationales and determinants)
that play a key role in developing local absorption, learning and technology
development capacity (Viotti, 2002; Lundvall et al., 2009b) have received relatively
little attention in these studies. Such local collaborations may be aimed at overcoming
local problems such as developing locally adapted crops, farm management systems,
quality improvement, storage, processing, transportation or attainment of

international standards in order to gain access to new markets (Hall, 2006).

In addition, research on emergent technologies in developed countries has paid much
attention to the role played by inter-firm collaborative arrangements (Pisano, 1991;
Hagedoorn et al., 2006; Nooteboom et al., 2007) or university-industry linkages on the
innovation process (Arundel & Geuna, 2004; Lam, 2005; Senker & Van Zwanenberg,
2001). But for emerging technologies in developing countries, given the weak R&D
capabilities of the private sector, most knowledge development and adaptation
activities are performed by public R&D organisations (Viotti, 2002; Padilla-Pérez et al.,
2009; Brundenius et al., 2009). This is also the case for the agri-biotechnology
innovation system in Uruguay, where ‘[p]rivate sources for funding innovation projects
in general and biotechnological developments in particular are totally missing both in
the private and public sectors’ (Bortagaray, 2007, p264). In these developing-country
contexts, it is argued here that the dynamics of collaboration and complementarity of
capabilities between public research actors (public-public collaboration) becomes a key
process enabling the exploitation of the scarce and dispersed public-sector knowledge

capabilities, and the development of system-level absorptive capacity (Viotti, 2002).
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We now move the discussion to the empirical arena, particularly to the level at which
collaborative knowledge integration should be assessed for the purpose of this
research. It is worth recalling at this point the definition for the concept of
collaborative knowledge integration that we presented in section 2.2 (drawing on

‘

Rafols & Meyer, 2010, p265) as a research process ‘...that integrates concepts or
theories, tools or techniques, information or data from different bodies of knowledge’
through any form of collaborative research activity between two or more research
groups or organisations. With regards to the form of collaborative research activity, the
literature on strategic niche management places particular emphasis on local
‘...experimental projects [that] provide space for interactions between actors and the
building of social networks|,]...[and] provide space for learning and...articulation of
expectations and visions’ (Geels & Raven, 2006, p377). The same authors conceptually
distinguish a “...local network [that] consists of actors who work on the [experimental]
project, and develop and align heterogeneous bits and pieces on location’ within the
context and support conditions provided by a ‘global network’ of actors involved in the
emergent technological field (Geels & Raven, 2006, pp377-8). The development and
alignment of ‘heterogeneous bits’ referred to by the authors is understood here as the

combination of complementary capabilities and resources between local actors in the

emergent system.

It is interesting to note the relevance placed by the research cited in the previous
paragraph (Geels & Raven, 2006) on local actors and their collaborative experimental
projects as key spaces for the further development of the emergent system, provided
they effectively ‘align heterogeneous bits and pieces’ of the system (Geels & Raven,
2006, pp377-8). Drawing on this contribution, from a methodological point of view, it
can be claimed that in-depth studies of collaborative inter-organisational
arrangements and knowledge integration taking place during the implementation of
‘local experimental projects’ represent a valuable research approach for understanding
the drivers of the emergence of technological systems in specific geographically-
bounded contexts. Following an empirical approach of this sort represents — as was
noted above — a contribution to studies of inter-organisational collaboration that have

focused mainly on formal collaborations between firms or between firms and
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universities, while paying limited attention to informal R&D collaborations between
public organisations. Studying knowledge integration in local collaborative R&D
projects also contributes empirically to studies of interdisciplinary knowledge
integration32, which have been mainly based on bibliographic data within specific
knowledge or technological boundaries but paying less attention to geographically

localised studies (Wagner et al., 2011).

Up to now, our review and discussion in this section has addressed changes in the
organisation of research and innovation, particularly how these processes are
becoming increasingly complex, making them more reliant on the establishment of
inter-organisational collaborations and access to complementary knowledge and
capabilities (Carlsson et al., 2002; Coombs et al., 2003; Acha & Cusmano, 2005). We
argued also that this reliance on the collaborative integration of complementary
capabilities is more emphasised in the context of emergent technological fields and
developing countries (Powell et al., 2012; Powell et al., 2012). While studies of inter-
organisational partnerships have mainly explored the determinants, workings and
outcomes of these collaboration forms (Hagedoorn et al., 2006), network studies have
focused primarily on the relations among network structure, organisational
performance and network evolution (Ahuja, 2000), but both strands of research have
paid limited attention to how and to what extent the collaborating actors integrate
complementary knowledge and technological capabilities (Wagner et al., 2011).
Moreover, we have seen that little consideration has been given to collaboration and
knowledge integration between public research groups and organisations that are the
main sources of technological knowledge in developing countries (Padilla-Pérez et al.,
2009). Finally, we supported the empirical relevance of studying collaborative
knowledge integration at the level of local — explorative — R&D projects (Geels &
Raven, 2006). Based on these arguments, we would argue that the need to study local
R&D collaborations between public research organisations, as well as the degree to
which these inter-organisational relations integrate complementary knowledge and

capabilities,' is particularly salient in the context of emergent technologies in

* This suggested contribution is addressed in more detail in Section 2.6.
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developing countries. Given the particular attention we are placing on the integration
of complementary knowledge assets, we review in the next section, academic research
addressing the theoretical basis of complementarity between organisations’
knowledge and technological resources (Pfeffer, 1972; Pfeffer & Nowak, 1976; Pfeffer
& Salancik, 1978).

2.5 Complementarity between organisations

The importance of adopting an overtly relational approach to systems’ thinking and
empirical assessment has been emphasised in previous sections. This need for further
research arises from the fact that, despite the described trend towards increased
collaboration, it cannot be assumed that there is a straightforward relation between
inter-organisational collaboration and improved innovation performance in the
system. In other words, from a policy-making perspective this is not simply a matter of
promoting any sort of collaboration but instead, quality attributes of the collaborative
relation play a crucial role in how the joint effort influences the outcomes of R&D and
innovation processes. In fact, collaborative endeavours are assumed to have a positive
impact on innovation performance only if they are the result of potential opportunities
for complementarity of resources and capabilities between the partnering
organisations (Grant & Baden-Fuller, 2004; Carvalho et al., 2005, p3633; Hall, 2006;
Colombo et al., 2006). That is to say, for the purpose of this study we assume this
positive relation between collaborative knowledge integration and innovation
outcomes, while focusing our questions and analysis on the factors shaping the extent
that an organisation’s collaborations integrate complementary knowledge assets.
Therefore, a relational approach to studying emergent technological systems should
empirically explore the extent or degree of complementarity among R&D knowledge
assets and capabilities of the collaborating actors, as well as the factors that may be
shaping the development of collaborative linkages that actually exploit high degrees of

complementarity between the partners’ knowledge assets.

** The authors refer to Prahalad and Hamel, 1998; Williamson, 1985; Teece, 1986.
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Therefore, the definition and assessment method of complementarity between actors
becomes a central issue for the proposed conceptual and empirical approach.
Complementarity of resources and capabilities may be defined as the existence of
‘distinctive  resources of alliance partners that collectively  generate
greater...[innovative outputs]...than the sum of those obtained from the individual
endowments of each partner’ (Dyer & Singh, 1998, pp666-7). It is worth emphasising
here the distinctive character that the resources contributed by each partner to the
partnership should have. More precisely, Gulati and Gargiulo argue that
‘[clomplementarity between two organizations can arise when (a) there is a gap
between the specific capabilities controlled by each organization and those they need
to pursue their strategy and (b) this gap can be filled at least partially by accessing the

capabilities controlled by the other organization’ (Gulati & Gargiulo, 1999, p1460-1).

Milgrom and Roberts draw on the theories and mathematics of complementarity and
supermodularity in order to reach a better theoretical understanding of the
relationship — and the notions of fit and synergies — among an organisation’s strategy,
structure and managerial processes (Milgrom & Roberts, 1995, p180). These authors
define that activities are complementary ‘...if doing (more of) any one of them
increases the returns to doing (more of) the others’ (Milgrom & Roberts, 1995, p181).
This definition encompasses the notion of syenrgies, namely that ‘the whole is more

than the sum of its parts’ (Milgrom & Roberts, 1995, p184).

Relaying on Milgrom and Roberts (1995), a simple mathematical definition of
complementarity between a firm’s activities was provided by Cassiman and Veugelers

(2006):

‘Suppose that there are two activities, A; and A,. Each activity can be
performed by the firm (A; = 1) or not (A; = 0) and i € {1,2}. The function II (A4,

A;,) is supermodular, and A; and A, are complements only if

I1(1,1)-11(0,1)211(1,0)-1I(0, 0)
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i.e., adding an activity while the other activity is already being performed has a
higher incremental effect on performance (II) than adding the activity in

isolation’ (Cassiman & Veugelers, 2006, p70).

The notion of complementarity between organisations as a rationale for inter-
organisational collaboration can be traced back to the work of Teece (1986), whose
focus was on how firms that are able to develop a novel technology should rely on
complementary specialised capabilities such as marketing or after-sale services in
order to derive market profits from such new technologies (Teece, 1986, p288;
Colombo et al., 2006). Nevertheless, advocates of this approach, to some extent,
assume that a single organisation alone (‘the innovator’) is able to develop and
produce such novel technology (Teece, 1986, p286; Colombo et al., 2006, p1167).
Therefore, they leave rather unexplored the complex process required to develop the
novel technology that also relies on other sorts of complementarities, particularly
between diverse — and usually distributed — scientific and technological research
capabilities (Luo et al., 2009), increasingly demanding also, as was argued before,

collaborative organisation forms of the technological R&D processes.

Exemplifying this relatively narrow perspective on how complementarity has been
conceptualised, empirical research that follows Teece’s approach usually uses rough
classifications of capabilities aggregated into rather broad categories (e.g.
discriminating only between those of a technological and commercial nature), while
the complementarity between those general categories is somehow approximately
measured (Fagerberg, 2005). Nevertheless, deeper disaggregation within those general
categories is overlooked. Additionally, the availability of complementary — commercial
— capabilities is not directly assessed by these studies; instead firm size is measured as
a proxy, and it is simply assumed that larger firms will have such complementary
commercial capabilities (Colombo et al., 2006, p1192). As a significant limitation, the
authors of this study recognised that: “...a more direct assessment of the explanatory
power of the “combination of specialized complementary assets” model of alliance
formation would require the development of more accurate indicators of the assets
possessed by firms’ (Colombo et al., 2006, p1193). This conclusion points to a clear

need for further research that reaches lower levels of disaggregation among types of
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capabilities compared to those used in the studies mentioned above, in order to allow
a deeper exploration of complementarities, particularly those among sub-categories of

technological and research capabilities.

Colombo et al. (2006) studied the drivers and barriers of the formation of two types of
inter-organisational collaborative relations, namely, commercial alliances and
‘explorative technological alliances’ (Colombo et al., 2006, p1166). For the formation
of commercial alliances, the authors found an ‘inverted-U-shaped’ relationship with
organisational size (as proxy of specialised commercial assets). In other words, smaller
organisations are less able to deal with the transaction costs of searching for
commercial alliance opportunities and operating a collaborative endeavour, while
bigger firms tend to form more commercial alliances up to a certain threshold. After
such a threshold, even larger organisations tend to form fewer commercial alliances,
given that they opt for using internal — commercial — capabilities for their innovation
processes (Colombo et al., 2006). So, the existence of complementarity is narrowly
observed here when an organisation has a ‘complementary’ capability to

commercialise a given new technology.

But what about the R&D process pursued to develop such a technology and the access
to external complementary resources or capabilities that was required during that
process? Due to the simplistic and narrow way that the study referred to above
measured complementarity (based on aggregated categories of capabilities related to
value chain stages such as technological R&D, testing, manufacturing, and commercial
capabilities), the authors did not find significant effects of complementarity of
capabilities in the development of alliances aimed at performing joint exploratory
research activities (Colombo et al., 2006, p1192). When trying to explain collaborations
aimed at undertaking collaborative research and technology development (R&D),
instead of a U-shape, the authors found a linear relationship between firm size and
the formation of R&D alliances (Colombo et al., 2006). The study concluded that in-
house availability of complementary commercial capabilities does not explain the
formation of exploratory R&D partnerships. It can be claimed from the previous
argument that the widely used broad-level conceptualisation of commercial

complementary assets proposed by Teece (1986) has no explanatory power with
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regard to the formation of exploratory R&D partnerships and hence that a deeper
disaggregation of scientific and technological assets is required in order to better
explore factors shaping the integration of complementary knowledge assets during

exploratory collaborative R&D activities (Colombo et al., 2006).

In the authors’ words, their “..findings seem to indicate that the lack of specialized
commercial assets from which smaller [firms]...often suffer generates no inducement
towards the establishment of explorative technological alliances. So they cast doubts
on whether the “combination of specialized complementary assets” model has any
explanatory power of the formation of this type of alliance’ (Colombo et al., 2006,
p1192). In other words, Teece’s approach focused on the combination of ‘specialised
complementary assets’ (Teece, 1986, p295) overlooks the inherent complexities of
technological R&D capabilities that have a technology-specific character, and (as
argued here) also determine R&D complementarities between organisations in the
system. The assertions presented above point to the need for methodological
approaches that enable a clearer identification of the knowledge assets and research
capabilities available in different organisations of the technological system. On the
basis of such improved capability identification, better measures of complementarity
(beyond the simplistic division into technological and commercial capabilities) should
be possible. We address, subsequently, some methodological implications from the

discussion presented in the two preceding paragraphs.

The relational methodological approach developed for this research intends to address
the suggested need for lower levels of disaggregation of complementary knowledge
assets for the empirical assessment of collaborative arrangements aimed at
performing exploratory research in emergent fields. In particular, we developed a
specific method for this study, meant to assess the knowledge assets controlled or
available in each organisation and to produce quantitative relational indictors of the
degree of knowledge integration accomplished through local collaborative R&D
projects. We subsequently explored how organisational- and system-level attributes
shape the extent of scientific and technological complementarity among actors’
knowledge assets that is actually exploited through collaborative R&D arrangements.

The underlying assumption that we make here, drawing on the relation between
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complementarity (measured as cognitive distance) and partners’ innovation
performance found by Nooteboom et al. (2007)** is that organisations that tend to
collaborate with partners that have (on average) rather similar knowledge bases and
R&D capabilities (thus achieving low levels of collaborative-knowledge integration) are
assumed to attain lower levels of technological learning and innovation outcomes
(Nooteboom et al., 2007). In other words, it is assumed for the purpose of this
research that these organisations are not exploiting opportunities to collaborate with
other more distant (complementary) actors of the system, hence lessening the extent
of knowledge integration, the performance of the individual organisation (Nooteboom
et al., 2007) and of the system as a whole (Carlsson & Stankiewicz, 1991, p94). Seen
from the other side, these organisations can be interpreted as being rather closed or
having redundant collaborative relations (Burt, 1992), not allowing complementary
organisations to access their knowledge base and capabilities, thereby hindering the
exploitation of opportunities for more innovative combinations of distant

complementary knowledge assets (Rosenkopf & Nerkar, 2001).

Nooteboom et al. (2007, p1017, 1019) assessed the heterogeneity of resources of
collaborating actors through their concept and empirical measure of ‘cognitive
distance’ between an organisation and all its partners in terms of their technological
knowledge. As represented in Figure 2.2, the authors found an inverted-U shaped
relationship between cognitive distance and innovation performance. In their own

words:

‘In [the] first instance, as cognitive distance increases, it has a positive effect on
learning by interaction. ... [Clognitive distance yields opportunities for novel
combinations of complementary resources. However, at a certain point,
cognitive distance becomes so large as to preclude sufficient mutual
understanding needed to utilize those opportunities. Of course, a certain
mutual understanding is needed for collaboration ... However, too much
familiarity may take out the innovative steam from collaboration. The challenge

then is to find partners at sufficient cognitive distance to tell something new,

i Hage and Hollingsworth (2000) also observed this association pattern.
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but not so distant as to preclude mutual understanding’ (Nooteboom et al.,

2007, p1017).

As claimed by Nooteboom et al. and represented in Figure 2.2, greater cognitive
distance between an organisation and its partners (that is, distance in terms of
technological knowledge) results in ‘an opportunity as well as a potential problem’;
namely it increases the ‘novelty value’ of collaborations but decreases the ‘partner-
specific absorptive capacity’ (Dyer & Singh, 1998, p665) of the organisation
(Nooteboom et al., 2007, p1019). By focusing on the notion of distance, the authors
intend to note the contrast between their approach compared to studies that have
stressed only the negative effects of cognitive distance on absorptive capacity
(Nooteboom et al., 2007); such studies (Mowery et al., 1996; Mowery et al., 1998)
over-emphasise the value of homogeneity or knowledge similarity between partners,
but neglect the negative effect of homogeneity on the novelty value of the

collaboration (Nooteboom et al., 2007).

Figure 2.2: Cognitive-distance between partners and innovation performance
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Source: adapted by the author drawing on Nooteboom et al. (2007, Fig. 1, p1018)

Based on the argument above, we suggest that we should expect an inverted-U shaped

relation between cognitive distance and innovation as represented in the figure above,
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when we study collaborations encompassing technological fields with broad and
diverse knowledge bases. Nevertheless, since our study focuses on a very specific
technological system (agri-biotechnology), we can assume that extremely large
knowledge distances between organisations that could hinder innovation should not
be expected in our case. Therefore, we are in the position to assume that the cognitive
distance between collaborating organisations and its likely impact on innovation will
be mostly placed in the grey-shaded left half of the graph (Fig. 2.2 above), namely that
the extent of common knowledge between actors is sufficient to allow mutual learning
and effective collaborative efforts for research and technology development. We do
not assess innovation performance in this study but for the purpose of interpreting our
results we assume that the cognitive distances between collaborating organisations
and their expected relation to innovation vary within the left half of the figure above.
That is to say that for our technologically bounded set of actors of the agri-
biotechnology system in Uruguay, we assume that the greater the technological
cognitive distance between partner organisations or groups, the higher the expected

innovation outcomes from their collaborative R&D effort.

Having discussed the relation of inter-partner cognitive distance and innovation
performance, we should emphasise now that the existence of highly complementary
resources in two organisations — and hence a potential synergy between them — is not
a sufficient driving force for their actual exploitation through a collaborative
endeavour (Gulati & Gargiulo, 1999, p1444). Despite the existence of such a potential
synergy between two organisations, diverse organisational factors and attributes of
the technological system may hinder the collaborative integration of those
complementary knowledge assets. Therefore, the most relevant factors that may be
shaping the extent of knowledge-asset integration through R&D collaboration are
reviewed and discussed in section 2.7 below. Using a combined qualitative and
guantitative methodological approach (described in Chapter 3), the behaviour of these
forces has been explored in relation to the degree of knowledge integration
accomplished through collaborative projects undertaken by public research
organisations within the boundaries of the agri-biotechnology innovation system in

Uruguay.
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We should now turn our attention to the empirical measurement of complementarity.
A first concern here is the need to define how the extent of integration of
complementary knowledge between collaborating organisations is to be assessed. The
need for lower levels of disaggregation of the knowledge assets and R&D capabilities
controlled by the actors of the system to be assessed was set out above. This
represents a challenge for our empirical methodology, requiring the development of
fine-grained classifications of the types of R&D capabilities or knowledge assets
available in each organisation. In relation to this, it has been claimed that
‘lo]lrganizational...capabilities...are multifaceted and ambiguous; assessing them
across a large number of organizations poses a formidable measurement problem. In
addition, an index of complementarity for all possible pairs of organizations requires
measuring the extent to which the capabilities of one organization can "complement”
the capabilities of every other organization in the industry...” (Gulati & Gargiulo, 1999,
p1460-1). The multidimensional character of capabilities referred to above suggests
the need to identify the relevant dimensions to be considered for the assessment of
capabilities in public research organisations within the context of an emergent

technological system.

In this regard, studies of interdisciplinary research ‘...propose that the need for a broad
set of instrumentalities is one of the main drivers of... links [and integration] between
research subfields’ (Rafols & Meyer, 2007, p646). Following Derek de Solla Price (Price,
1984, p13), the concept of ‘instrumentality’ or ‘research technologies’ is used by these
authors to refer to the methods, materials and instruments required for research
activities (Rafols & Meyer, 2007, p646). Similarly, Leydesdorff and Rafols found that
collaboration networks play a relevant role in the diffusion of these ‘research
technologies’ or ‘instrumentalities’ (Leydesdorff & Rafols, 2011, pp847, 850). Taking
into account this suggested relevance that research-technologies have in explaining
collaboration and knowledge integration, we took the concept as one of the

dimensions to assess knowledge assets for the present research, but we refer to it
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hereinafter with the term ‘R&D capabilities’35. The second dimension chosen, on the
basis of the vast body of research on knowledge integration across disciplines, were
precisely the disciplines encompassed by the researchers in each organisation or
research group. These methodological implications deserve deeper exploration.
Therefore, in the next section we review scholarly literature on interdisciplinary
research in order to gain empirical and methodological insights into the assessment of
knowledge integration across disciplinary, technological and organisational

boundaries.

2.6 The process of knowledge integration and R&D collaboration in emergent

systems

2.6.1 Assessing collaborative knowledge integration

It has been argued in this chapter that the intended special attention on the interactive
dynamics and relational attributes of the innovation process has not been the focus of
most previous studies of innovation systems. Instead, they have been dominated by
static structural assessments that are less able to capture the complexity of relations
between actors at lower levels of aggregation (Carlsson et al.,, 2002, p236).
Additionally, it was argued that for the study of emergent technologies in developing
countries, particular attention should be paid to the collaborative interactions
between public research organisations and to the integration of complementary
knowledge assets realised through such collaborations. These arguments led us to
review the work of scholars who have been studying interdisciplinary research
processes and outcomes, since this scholarly community has developed sound
empirical and methodological approaches for the assessment of knowledge
integration. In particular, they have constructed robust relational indicators of the
linkages or commonalities between knowledge fields (Rafols & Meyer, 2007; Porter &

Rafols, 2009), organisations (Boyack, 2009), authors (Rafols & Meyer, 2010) or other

* The classification system developed for this study to assess knowledge assets is presented in Chapter
5.
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relevant units of analysis (Wagner et al., 2011). Hence, our aim has been to gain
insights from this field in order to assemble a relational enquiry approach for our
research — something that, as noted, has been somewhat missing in previous studies

on innovation systems.

Scholars involved in the study of interdisciplinary research processes have come to the
rather general understanding that interdisciplinarity involves essentially a process of
knowledge integration (Rafols & Meyer, 2010; Leydesdorff & Rafols, 2011; Wagner et
al., 2011%). They define interdisciplinarity and consequently knowledge integration
‘..as a mode of research that integrates concepts or theories, tools or techniques,
information or data from different bodies of knowledge’ (Rafols & Meyer, 2010, p265).
Knowledge integration may be accomplished through different types of processes that
go from a basically individual cognitive process where different bodies of knowledge
are integrated within a researcher’s mind (not involving any sort of collaboration - e.g.
Wagner et al., 2011, p16) to a highly collaborative integration process that involves
deep interaction among researchers from two or more groups or laboratories (Rafols,
2007, p403). Since in this research we are interested in the study of the latter mode of
knowledge integration, namely the one that takes place through R&D collaboration,
we adapt the definition of Rafols & Meyer (2010, p265) and define the concept of

collaborative knowledge integration3 7 as:

a process ‘..of research that integrates concepts or theories, tools or
techniques, information or data from different bodies of knowledge’ through
any form of collaborative research activity between two or more research

groups or laboratories’®.

This literature places particular emphasis on the character of knowledge integration as
a process and on its cognitive nature, independently of whether it is individual or

collective. Therefore, in an effort to capture knowledge integration at the actual

*® Other relevant references in this strand of research include Rafols, 2007; Rafols & Meyer, 2007;
Leydesdorff & Schank, 2008; Boyack, 2009; Porter & Rafols, 2009; Rafols et al., 2010.

*” This definition was provided in advance, in Section 2.2.

* The segment within quotation marks in this definitions is a textual citation of Rafols & Meyer (2010,
p265),
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process-level, it has been claimed that in empirical work, “...a valid assessment of the
interdisciplinarity of research must involve some indication of the degree or extent of
knowledge integration that took place as the research was being conducted...” (Wagner
et al.,, 2011, p16). Nevertheless, since ‘[t]he process of integration — whether cognitive
or social — is more difficult to observe (and measure) than are the results of the process,
which are largely found in published literature [,]...more literature has focused on the
outputs of research rather than the processes’” (Wagner et al., 2011, p16). In other
words, this community of scholars has mainly assessed the cognitive dimension of
knowledge integration reflected at the level of published research outcomes, while
relatively little attention has been paid to the actual level or unit of analysis where the
process of knowledge integration takes place (e.g. the R&D project) as well as to the
social interactions required by the process (Wagner et al., 2011). Exceptions to this
include Rafols (2007) and Rafols and Meyer (2007). Conversely, other scholars focus
only on the social integration process in collective R&D efforts, but do not pay

attention to the types of knowledge that are being integrated (Wagner et al., 2011).

As was noted above, most studies of knowledge integration have used the outputs of
research as the unit of analysis to assess integration, since outcomes such as published
articles can be easily observed (Hinze, 1999; Wagner et al., 2011, p16). Nevertheless, it
has been argued that the use of bibliometric indicators can only provide a somewhat
distorted assessment of knowledge integration since they are based on publications
indexed in bibliographic databases; these databases are not able to homogeneously
account for contributions from the diverse range of relevant fields of knowledge. For
example, databases such as Scopus or ISI have poor indexing of relevant contributions
from the social sciences such as books, book chapters and non-English journals
(Wagner et al.,, 2011, p24), the latter being particularly relevant in the context of
developing countries. Therefore, since measuring knowledge integration by analysing
publications in bibliographic databases would be clearly misleading for developing-
country studies as well as being unable to reflect the extent of knowledge integration
achieved during the actual R&D processes, alternative measures are required to

address the research questions proposed here.
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Drawing on the previous arguments, and considering that publications from Uruguay
are poorly indexed in international databases (Bortagaray, 2007), it was concluded that
the methodological approach for the present research can better capture collaboration
and knowledge integration at the R&D process-level, particularly by looking at
individual R&D projects as the actual locus where research activity and collaborative
knowledge integration take place (see Chapter 3 for details). The R&D project provides
information on the two main dimensions of knowledge integration, namely the actual
knowledge assets being integrated (disciplinary knowledge categories and R&D
capabilities) and the social interactions™’ among organisations (R&D partnerships)
required for the integration to take place (Rafols, 2007). This can be seen as a singular
methodological contribution of this research to the literature on knowledge

integration and interdisciplinarity (see Chapters 3 and 5).

Therefore, the present research attempts to address the gap referred to above by
assessing jointly the social and cognitive dimensions of the process of knowledge
integration that takes place during an inter-organisational collaborative R&D project.
This was implemented through a combined exploration of: (i) R&D collaborative
relations between pairs of actors linked during the execution of R&D projects (the
social integration dimension); and (ii) the extent of collaborative knowledge
integration accomplished during those collaborations (i.e. the cognitive integration).
The next section critically explores empirical methods intended to assess this latter

dimension.

2.6.2 Methodological approaches to measuring complementary knowledge

integration

From the methodological point of view, answering our research questions required

developing some sorts of measures or quantitative indicators of the degree of

* | use the term ‘social interactions’ for the purpose of this research specifically for information
regarding ‘who collaborates with whom?’ A question on this was put to the coordinator or research
leader of each R&D project analysed in this research. They were asked to provide a list of external
research groups that participated in the project (see Chapter 3 and the survey questionnaire in
Appendix 8.5).
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complementarity between R&D groups collaborating in a research project, namely
indicators of the extent of collaborative knowledge integration as defined here. Studies
on knowledge integration across scientific disciplines have developed sound empirical
methodologies. The present research has drawn on such methods in order to develop
the sort of indicators of the degree of complementarity among collaborating R&D
groups, laboratories or organisations we mentioned above. These indicators should
somehow capture the degree of complementarity among the knowledge assets
(disciplinary knowledge and R&D capabilities) pulled together — or integrated in our
conceptual terminology — by every pair of R&D groups collaborating during the
implementation of each R&D project®® assessed in this study. As is described in detail
in Chapter 3 on methodology and Chapter 6, indicators of similarity and difference
among the knowledge bases*! of pairs of collaborating actors were developed in order
to identify and discriminate between actors showing contrasting levels of knowledge
integration accomplished through their collaborative R&D projects. Such
discrimination among actors with differing abilities to integrate distant complementary
knowledge allows further exploration of the factors that may be shaping those

differences.

Including a measure of similarity between categories of technological knowledge as a
dimension of the indicator for collaborative knowledge int“egrm‘ion42 is a salient
attribute of our proposed operationalisation for this indicator. This has required first
building a robust classification system of knowledge-asset categories suitable for our
study — as argued before, and for our case, we developed two category systems for
R&D capabilities and disciplines respectively. Subsequently we had to develop a
measure of how different two given R&D capabilities or disciplines were. As argued by
the proponents of this indicator, ‘...for emerging fields, the inclusion of distance [or
similarity] among categories lessens the effect of inappropriate categorisation...: if a ...

category i is very similar to an existing category j, their distance d; will be close to zero,

** The selection of the R&D project as the level of analysis is discussed in detail in Chapter 3.

* R&D capabilities and disciplinary knowledge

*? Rafols and Meyer (2010) use this dimension for the indicator of diversity they developed to assess
knowledge integration in published scientific papers by specific authors.
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and its inclusion in [the] categories list will result in only slightly increased...” measures

of knowledge integration (Rafols & Meyer, 2010, p267).

On the basis of this sort of measure of the relative degree of similarity (or proximity)
and difference (or distance) between categories of scientific knowledge, scholars
studying the structure of science and interdisciplinary research have used spatial
techniques such as network analysis in order to develop graphical network
representations of entire knowledge systems (Leydesdorff & Rafols, 2009). As
described by Wagner et al. (2011, p20), a spatial “...approach to using bibliometrics is a
methodology that describes a landscape, or space within which science operates,
typically from the point of view of a single object (journal, paper, or author)’. These
representations provide a tool for an intuitive visualisation and easy assessment of the
degree of difference between different categories of knowledge assets represented by
their distance or proximity in the whole knowledge network map, building what has
been called a ‘metaphorical knowledge space’ (Wagner et al., 2011, p20). In addition,
some studies have used these knowledge network maps or knowledge spaces to
represent the knowledge assets of a specific organisation (or R&D group) overlaid on
the complete knowledge-space in order to compare them with the knowledge assets
controlled by its actual or potential partners (Boyack, 2009; Rafols et al., 2010). Such
an overlay map provides a visual representation of the extent of collaborative

knowledge integration achieved by those collaborating actors.

In order to provide an example, Figure 2.3 presents a ‘global map of science’
developed by Rafols et al. (2010, p1876) based on the patterns of similarities* among
Subject Categories of the Web of Science using data from the Journal Citation Reports.
This base map, or ‘metaphorical knowledge space’ in the words of Wagner et al. (2011,
p20), is subsequently used by the authors to overlay the publication profiles (2000 to
2009) of three organisations: the University of Amsterdam, Georgia Institute of
Technology (Georgia Tech), and the London School of Economics (LSE) (Rafols et al..,

2010). The relative size of the dots in Figure 2.3 is proportional to the number of

* The authors compute relative measures of similarity among 221 Subject Categories (SCs) based on the
records of citing SC to cited SC (Rafols et al., 2010, p1876).
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publications of each organisation in each Subject Category, allowing the reader to
perform a quick intuitive comparison of the knowledge resources (publications in this
case) of each organisation. As will be discussed later, we adopt this tool for our
research to represent, in a network graph, the patterns of similarity relationships
among all knowledge-asset categories encompassed by the local technological system

we propose to study here (agri-biotechnology).

Figure 2.3: Global map of science overlaid with universities’ publication profiles
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Source: Reproduced from Rafols et al. (2010, Fig. 3, p1878).
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To sum up, on the one hand, we saw in the previous section that some scholars study
knowledge integration from a social-integration perspective. That is to say, they focus
mostly on the determinants and outcomes of collaboration processes between actors
or individuals in knowledge-intensive environments, but pay little attention to the
actual sorts of knowledge being integrated during such collaborations (Wagner et al.,
2011, p16). On the other hand, we reviewed in this section the work of another
research vein that uses the spatial — or network — analytical and graphical techniques
described above to measure patterns of integration of knowledge for different units of
analysis (usually articles) within the background of a whole knowledge system (Wagner
et al., 2011, p18). Most of the studies applying this approach rely on citation analysis,
namely on the pattern of knowledge fields cited by articles or journals, as aggregated
indicators of the degree of proximity or similarity among knowledge fields. The main
shortcomings of this approach are that the degree of knowledge integration is
measured at the level of research-outcomes while the single type of research-outcome
assessed is the scientific peer-reviewed publication indexed in bibliographic databases
(Wagner et al., 2011, p19). Hence, knowledge integration occurring when the actual
integration process takes place (e.g. the R&D project for our case) is overlooked.
Another shortcoming of this approach is that it pays almost no attention to the social
interactions involved in collaborative knowledge integration which are the focus of the

first approach described in this paragraph.

The combined empirical exploration of collaborative R&D projects (social interactions
among research groups) and the degree of integration of specific disciplinary
knowledge and research-capabilities accomplished by the collaborating R&D groups
(the cognitive dimension of knowledge integration) proposed here is presented as a
distinctive element of this research. This brings together in a single study the two
perspectives discussed above that have previously been applied rather separately to
studies of knowledge integration; namely the social-integration perspective and the
cognitive approach based on knowledge proximity measures (Wagner et al., 2011).

Hence, by combining data on R&D collaboration with those on research-capabilities
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and disciplines existing for each individual research group or organisation*, the
conceptual and methodological approach developed here to assess collaborative
knowledge integration (see Chapters 3 and 6) is roughly midway between studies of
inter-organisational collaboration and studies of knowledge integration at the level of
local knowledge systems. The need for further research on “..the contexts and
processes that foster knowledge integration in research’ was identified by recent
studies as an important gap in the latter research field (Wagner et al., 2011, p24). The
next section reviews scholarly research on such processes or driving conditions that
may influence the extent of knowledge integration achieved though collaborative R&D
activities. Besides reviewing previous research, we identified potentially relevant
forces shaping knowledge integration through the initial exploratory interviews

performed for this research®.

2.7 Exploring factors that shape collaborative knowledge integration

On the basis of the literature that was critically analysed and accounted for to this
point in this chapter, this section pursues an overall exploration of key forces that may
be shaping the process of collaborative knowledge integration and hence that may
provide potential answers to the research question presented in the introduction of

this chapter (Section 2.1). It is worth recalling at this point our main research question:

How and why does the extent of scientific and technological complementarity
exploited through R&D collaborations differ among collaborating actors of the

agri-biotechnology innovation system in the context of developing countries?

In order to identify the relevant forces driving collaborative knowledge integration that
we discuss below, we followed two complementary approaches: (i) we identified a

number of relevant factors from the bodies of scholarly research reviewed in this

* | use the term ‘organisations’ to refer to the actual organisational (sub) structure where research
activities take place, thus encompassing public research organisations, as well as lower-level research
groups, laboratories and R&D departments.

* we qualitatively explored motivations and (dis)incentives to researchers, structures or mechanisms
supporting collaboration, system-level institutions, and organisational capabilities shaping the extent of
collaborative integration of research-capabilities and disciplinary knowledge.
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chapter; and (ii) we complemented this by pursuing an inductive field work phase,
namely through a reflection on partial facts or data — observed in our case though
exploratory interviews”® — that allowed wus to articulate ‘suggested
comprehensive...meaning[s]’ (Dewey, 1910, p79); in other words, based on an
inductive interpretation of interview data, we formulated likely explanations to our
research question as a guide for our subsequent quantitative assessment of knowledge
integration. Next, we introduce two more specific research questions intended to
narrow down our empirical approach to address the overarching question we set out
above, and to guide the identification of forces shaping collaborative knowledge

integration that we develop in this section.

Our first specific (sub-)question looks at the system under study from an institutional
perspective. Institutional economics (North, 1990; North, 1994), evolutionary
economics (Nelson & Winter, 1982), and more recently innovation systems’ studies
(Carlsson et al.,, 2002; Lundvall et al.,, 2002) have emphasised the salient role of
institutions in supporting interactive learning, innovation and economic growth
(Arocena & Sutz , 2002; Bergek et al., 2008; Cimoli et al., 2009). In particular, the
innovation systems’ literature suggests that interactive learning processes — which are
affected by institutions — are the means to realise complementarities and
opportunities offered by local sources of skills and knowledge, supporting in this way
the building of stronger system-wide technological and innovation capacities (Arocena
& Sutz , 2002; Bortagaray, 2007; Lundvall et al., 2009). Therefore, institutions and
more narrowly public policies, have become key drivers (or barriers) of the exploitation
of opportunities for the complementary aggregation of actor-level technological
capabilities into system-level innovation capability (Lall, 1992; Cimoli et al., 2009,
pp337-43; Bortagaray, 2007, p354). This is particularly relevant in developing countries
since they are more reliant on well-established complementarities among actors and
components of the system, but usually show weak formal institutions supporting
interactions among actors (Padilla-Pérez et al., 2009, pp143-5; Bortagaray, 2007).

Based on our argument above, we will particularly address the following question:

*® Semi-structured exploratory interviews were conducted with key actors in the technological system,
focusing particularly on public research organisations.
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How do system-level institutions and incentives for public sector researchers
shape the extent of integration of complementary knowledge assets achieved
by R&D groups through collaborative research activities within a developing-

country agri-biotechnology innovation system?

The second (sub-)question we present draws on the resource-based view of
organisations which sees the integration of complementary resources and R&D
capabilities as the main driver of inter-organisational collaborations (Teece, 1986;
Mowery et al., 1998; Colombo et al., 2006). Some studies within this vein consider
knowledge as the main organisational resource, hence paying particular attention to
attributes of organisations that shape their ability to access and use*” external sources
of knowledge (Cohen & Levinthal, 1990; Colombo et al., 2006; Zhang et al., 2007). This
encompasses the ability to establish interactive relationships (Dyer & Singh, 1998) as
well as to effectively integrate multiple sources of specialised knowledge, skills and
capabilities in the context of such partnerships (Lane & Lubatkin, 1998; Simonin, 1999;
Dyer & Nobeoka, 2000; Grant & Baden-Fuller, 2004). On this basis, we articulate our

second specific question as follows:

How do organisational-level attributes shape the extent of integration of
complementary knowledge assets achieved by R&D groups through
collaborative research activities within the agri-biotechnology innovation

system?

In order to address these specific research questions, the subsequent conceptual and
empirical work focuses on a number of actor-, relational-, and system-level attributes
that may shape the extent of knowledge integration achieved by R&D groups through
collaborative research activities. We organise our following discussion into three

groups of attributes that, for the purpose and boundaries of this research, were

* Link, access and use of external knowledge assets are encompassed by our conceptual definition of
collaborative knowledge integration.
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understood as those exerting the most relevant influences on the extent of

collaborative knowledge integration achieved by an organisation or R&D group:

i) Structural and relational attributes of the R&D group. %
ii) System-level institutions and incentives.

iii) Compliance of the R&D group with scientific reward institutions.

The latter group of attributes is somehow in-between the first two groups, since it has
to do with how the compliance of individual R&D groups with formal system-level
institutions (particularly scientific incentives and rewards) influences the group’s ability
to integrate knowledge through its R&D partnerships. This issue came up as a relevant
factor from our inductive analysis of exploratory interviews. Before addressing these
groups of attributes we review some contextual factors suggested by the relevant
academic literature that, despite not being deliberately assessed in our empirical
research, we should acknowledge that they might have an influence® on the processes

of collaborative knowledge integration we are studying here.

2.7.1 Background or contextual factors

There is a series of aspects that exert an influence on the general development of the
whole technological innovation system as well as on specific collaboration processes.
While some of these attributes might not directly influence the extent of collaborative
knowledge integration, they may be more central to address other sorts of research
guestions than the ones we are trying to answer here; hence they were considered
part of the relevant background of our study’s analytical framework (Section 2.8).
Given their importance for the functioning of the system, these background factors
were taken into account in the exploratory stages of the empirical work. These

attributes include, amongst others, the availability and demand of trained human

*® We refer to the R&D group since, as is described in Chapter 3, it is defined as the appropriate unit of
analysis for our study.

* We assumed such an influence to be less relevant than the one played by the three groups of
attributes we focused our attention on. Therefore, in order to limit the scope of this research within the
constraints of a feasible PhD thesis, we relegated these factors to the background of our study.
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resources (Edquist, 2005; Viotti, 2002; Senker & Van Zwanenberg, 2001), competitive
funding for R&D and innovation activities (Bergek et al., 2008; Colombo et al., 2006;
Heinze & Kuhlmann, 2008), sources of inter-organisational conflicts (Heinze &
Kuhlmann, 2008; Arocena & Sutz, 2002), consumer perceptions, mechanisms or
platforms supporting non-market interactions and coordination among actors (Senker
& Van Zwanenberg, 2001; Acha & Cusmano, 2005; Rafols, 2007) and the applicable

regulatory institutions (Senker & Van Zwanenberg, 2001).

Some studies have suggested that inadequate availability and balance of core and
third-party competitive funding coupled with increasing pressures for more efficient
production of scientific and technological outputs have resulted in increased levels of
competition for research funds within the public sector (Heinze & Kuhlmann, 2008).
This may be one among several sources of conflict between actors which is naturally
present within any innovation system (Arocena & Sutz, 2002). Other sources of conflict
may include inter-organisational disagreements or overlaps in the responsibilities of
different — public — organisations (Arocena & Sutz, 2002), differences in status
hierarchies, stereotypes, prejudices and compatibility of working routines (Heinze &
Kuhlmann, 2008). When these sources of conflict are present, opportunities for
collaboration and complementarity between actors may be undermined. Looking at
the whole system, when the competition for R&D funds referred to above is excessive,
the potential for exploiting economies of scale and scope of the available knowledge
assets and other science and technology resources is undermined (Salles-Filho et al.,

2006).

With regard to graduate and postgraduate education and training programmes, the
availability of graduates and the demand for trained personnel are relevant contextual
issues that deserve exploration, in particular how these have some bearing on the
interactive dynamics among the knowledge assets distributed throughout the system
(Viotti, 2002). As suggested by Viotti, ‘...“human capital” would not become an
effective technological absorber or improver ...without its effective engagement in
productive or in science and technological activities. Though education is a necessary
condition for the effective acquisition and improvement of technologies, it is not a

sufficient one’ (Viotti, 2002, p667). In other words, if public-sector research and private
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innovation efforts are not strong enough, they may not demand the available trained
specialists in a given technological field. This is a relevant factor affecting knowledge
integration when looking at the whole innovation system. Nevertheless, this is beyond
the scope of this study since we are exploring knowledge integration only within the

public research (sub-)system.

Beyond the structural attributes of the system reviewed above (higher education and
R&D funding) that have been broadly explored in innovation system studies (Lundvall
et al., 2009b; Spielman & Kelemework, 2009), there are system-level social — or soft —
institutions (Woolthuis et al., 2005, p610) such as values, trust in other actors, habits,
and practices that affect the way individuals and organisations share knowledge and
learn, thus exerting an influence on the processes of knowledge integration through
inter-organisational R&D collaborations (Laudel & Glaser, 1998; Malerba, 2005; Hall,
2006). As an example, a study of the development of a new tillage technology in Brazil
showed how the values and routines of public-sector researchers™ discouraged them
from collaborating in exploratory activities promoted by farmers and input-supplier
firms, thus reducing significantly the pace of knowledge generation for the adaptation
of the technology to local conditions (Ekboir, 2003). All these issues are part of the
institutional set-up that is taken into account as background forces in this study of
knowledge integration achieved by means of inter-organisational collaborative

arrangements.

Studies of innovation systems have also emphasised the role played by ‘bridging
institutions’ in supporting interaction and coordination among actors and flows of
information and knowledge throughout the system (Spielman & Kelemework, 2009;
Arnold & Bell, 2001). A specific path of research enquiry within innovation studies has
paid particular attention to this bridging process, by studying what have come to be
termed as innovation intermediaries (Howells, 2006; Klerkx & Leeuwis, 2008b) or
intermediary bodies that are midway between actors at the policy-level and research

performers (Van der Meulen & Rip, 1998, p758). Howells (2006, p720) defines an

*% Researchers were rather closed to external demands and had negative prejudices towards working
with multinational companies (Ekboir, 2003).
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innovation intermediary as ‘[aln organization or body that acts [as] an agent or broker
in any aspect of the innovation process between two or more parties’. Some of the
roles filled by these intermediaries are: providing information about potential partners
and sources of external knowledge; brokering or mediating interactions and/or
coordination among two or more actors of the system; facilitating the formation of
networks; helping in the articulation of demand for R&D efforts; supporting the search
and access to external funding; and fostering the integration of knowledge domains,
capabilities and technologies (Callon, 1994; Howells, 2006; Klerkx & Leeuwis, 2008b;
Lynn et al., 1996).

Diverse types of intermediary bodies have been described in the literature, ranging
from organisations deliberately created to fulfil an intermediary role (e.g. science
councils or innovation agencies), through instruments, programmes or platforms that
support specific functions or stages of the innovations process (committees, system-
level planning exercises) to the boundary-spanning or brokering role of individuals
such as independent consultants (Bessant & Rush, 1995; Klerkx & Leeuwis, 2008b;
Lam, 2005). Bridging mechanisms or platforms act as ‘interfaces’ between
organisations with differing motivations, supporting non-market interactions and
coordination among actors (Edquist, 2005). These sorts of bridging mechanisms as well
as specific actors acting as ‘integrators’ of knowledge play a relevant role in supporting
innovation (Acha & Cusmano, 2005), particularly during the emergence of new
technological systems (Senker & Van Zwanenberg, 2001) or knowledge fields (Rafols,
2007). Social interaction and coordination fostered by bridging platforms or
instruments have been claimed to facilitate the identification, negotiation and
alignment of expectations and motivations among incumbent actors, towards a

potential inter-organisational arrangement (Ring & Van de Ven, 1994).

Such positive expectations along with the legitimacy of new technologies play a role in
building collaborative relations in emergent technological systems (Bergek et al., 2008;
Geels & Raven, 2006; Senker et al., 1999). The interrelation between expectations on
new technologies and network development is stressed by the strategic niche
management literature. As suggested by a study of the emergence of biogas

technologies; ‘[w]hen learning processes produce outcomes that do not meet the
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expectations, this leads to a backlash in expectations that turn from positive to
negative. When actors’ beliefs turn sour, networks fall apart and resources are

reduced, leading to a decline in development’ (Geels & Raven, 2006, p389).

A number of studies have found evidence that the existence of specific non-market
mechanisms supporting inter-organisational interaction such as collaborative research
centres (Laudel & Glaser, 1998; Llerena & Meyer-Krahmer, 2003), ad-hoc technical
committees (Rosenkopf et al., 2001) or — in the case of agriculture — governing boards
formed around commodity value chains (Janssen & Braunschweig, 2003; Klerkx &
Leewis, 2008b) contribute to the collaborative integration of knowledge and
capabilities across organisational boundaries. Llerena & Meyer-Krahmer refer to a case
of an innovation ‘federation’ that represented an effective means for achieving inter-
organisational coordination, interdisciplinarity, economies of scale and vertical
integration in the French pharmaceutical industry (Llerena & Meyer-Krahmer, 2003,
pp83-4). Moreover, specific funding for collaborative R&D (Acha & Cusmano, 2005) or
‘industrial platforms’ - such as those funded by the European Commission through its
Framework Programmes — support the transfer and integration of technological
knowledge among actors in the system (Senker & Van Zwanenberg, 2001). Conversely,
it was observed that non-existent or weak structures supporting inter-organisational
interactions are a common attribute of South American agricultural innovation
systems, resulting in substantial barriers to the exploitation of potential synergies

among actors (Salles-Filho et al., 2006).

Among the types of intermediary bodies described above, we turn now to the role of
individuals. Klerks and Leeuwis (2008b) pointed to the role of independent innovation
consultants in network brokerage. Closely related to this role, organisations that rely
heavily on external sources of knowledge and capabilities require well developed
internal capabilities to perform such a network brokering or boundary-spanning
function (Lam, 2005). These are knowledge intensive organisations that instead of
resorting to external intermediary bodies, base their strategy towards searching for
and accessing external knowledge on internal capabilities, specifically individual ‘linked
scientists” with well-developed links with the external knowledge base offered by the

scientific community relevant to the organisation’s R&D activities (Lam, 2005, p267).
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This internal bridging function is usually performed by postdocs or doctoral students
that act as boundary-spanners moving and internalising external knowledge and
capabilities into the organisation’s internal R&D efforts (Lam, 2005). Similar bridging
roles of highly trained individuals were observed in collaborative networks in the
automotive (Harryson et al., 2008, p766) and semiconductor industries (Almeida &
Kogut, 1999). This suggests that, for our study, we should pay attention to how the
R&D groups being assessed are composed, and the role of their members — either
researchers or postgraduate students — in boundary-spanning and external knowledge

integration processes.

Public technology and innovation policies can play a key role in supporting the
development of the inter-organisational interfaces mentioned above through the
development of specific institutional mechanisms that promote inter-organisational
collaborative links (Edquist, 2005, p194) or collaborative training programmes (Lam,
2005). These mechanisms commonly play a role in reducing transactions costs incurred
by small organisations, increasing their chances of taking part in alliances (Colombo et
al., 2006). On the other hand, the inverse relation has also been observed when
sponsored organisations need to spend significant amounts of time on management
and accountability of the supported collaboration, thus hindering their involvement in
further collaborative initiatives (Colombo et al., 2006, p1173). It is worth noting that it
is beyond the objectives of our research to perform an intensive exploration of the role
of intermediaries in collaborative knowledge integration. Nevertheless, taking into
account their relevance in the general coordination and integration of the innovation
system, we explored through qualitative interviews®! the existence of the sort of
bridging and boundary-spanning mechanisms described above within the emergent
agri-biotechnology innovation system in Uruguay, as well as the involvement or links of
public research actors with these bodies. Moreover, on the basis of Lam’s argument
(2005) discussed above, we also explored qualitatively and quantitatively the presence

of specialised roles of individual members in each R&D group or organisation (effective

>l See guestionnaire protocol for exploratory interviews in Appendix 8.1.
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researchers and postgraduate students) in fostering collaborative knowledge

integration.

2.7.2 Organisation-level attributes shaping collaboration and knowledge integration

The complex interactive forms in which R&D and innovation are organised and the
rather pervasive need to share knowledge and competences (Acha & Cusmano, 2005;
Coombs et al., 2003; Powell et al., 1996), result in organisations being required to be
effective in identifying and accessing complementary capabilities, resources and skills
from diverse research fields available through other actors in the system (Lane &
Lubatkin, 1998; Dyer & Singh, 1998; de Carvalho et al.,, 2005; Hall, 2006).
Notwithstanding this pressure, one relevant difficulty that research organisations face
when collaborating is dealing with the coordination or transaction costs resulting from
the collaborative activity (Rafols, 2007; Cummings & Kiesler, 2005). This issue results in
a trade-off between the potential benefits from collaborative knowledge integration
and the coordination costs incurred in developing the interactive research activity
(Colombo et al., 2006; Rafols, 2007). The absorptive capacity of an organisation has
been defined as its ability (based on prior knowledge, skills and organisational
routines) to identify, assimilate and exploit external sources of knowledge (Cohen &
Levinthal, 1990, p128; Cockburn & Henderson, 1998, p158; Szulanski, 1996, p31). This
capability, which is cumulatively built from previous R&D efforts (Cohen & Levinthal,
1990), also supports the ability of the organisation to deal with the coordination and
transaction costs incurred in forming and implementing collaborative arrangements
(Colombo et al., 2006) and specifically in transferring and integrating knowledge across

organisational boundaries (Cummings & Kiesler, 2005).

In the empirical terrain, most scholarly works including the seminal contribution of
Cohen and Levinthal (1990) have assessed absorptive capacity by measuring the
intensity of R&D efforts of the organisation (Gambardella, 1992; Tsai, 2001; Zahra &
George, 2002; Fontana et al., 2006). Other studies have developed indicators of the
extent and quality of the organisation’s knowledge base to measure absorptive

capacity, particularly by looking at the organisation’s skilled personnel such as
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scientists and engineers and their degree of training (Rothwell & Dodgson, 1991;
Giuliani & Arza, 2009). Therefore, the collaboration and knowledge integration
patterns of organisations are expected to depend upon the size of the scientific and
engineering staff in the organisation and their skills. Scientists’ influence on the
development of collaborative relations is two-fold: (i) they constitute the knowledge
and skills base that an organisation may contribute to a collaborative R&D process and
determine the actor’s ability to access and use external knowledge (Cohen & Levinthal,
1990); and (ii) besides the absorptive role of scientific and technological capabilities of
an organisation, in uncertain knowledge fields they also signal and provide visibility to
the competences, legitimacy and reputation of the organisation for potential partners
in search of complementary capabilities (Giuliani & Arza, 2009; Luo et al., 2009). By
assessing absorptive capacity through indicators of organisation size, studies of inter-
firm research collaborations suggest that small organisations feel a stronger influence
from the potential risks®® and transaction costs referred to above, so they are more
likely to be held back from establishing collaborative relations (Colombo et al., 2006,
pl169). These authors reached this conclusion after finding a positive linear
relationship between firm size and the formation of exploratory R&D partnerships,
namely the larger the size of the organisation, the more able it is to deal with
transaction costs involved in managing R&D partnerships and thus the more
exploratory R&D collaborations it developed (Colombo et al., 2006). Such studies have
assessed the relation between absorptive capacity and the establishment of
collaborative R&D partnerships but have left rather unexplored the type of knowledge
or capabilities being accessed - that is to say, how this capacity influences the extent of
collaborative knowledge integration accomplished by the organisation. We address

this latter influence in our empirical study.

Subsequent development of the concept of absorptive capacity has taken place as a
result of the increasing preponderance of interactive-partnership forms in innovation

and the transaction processes involved in the exchanges of knowledge and capabilities

> Transaction cost theory suggests that, during inter-firm collaborative initiatives, opportunistic
behaviour by one of the partners may happen, resulting in a risk to the final appropriation of knowledge
and technologies previously held by the partners or jointly developed (Colombo et al., 2006).
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between actors. Specifically, ‘relational capability’ has been defined as the distinctive
ability of an organisation to: establish interactive relationships; access other actors’
knowledge resources and capabilities (Dyer & Singh, 1998, p672; Lorenzoni & Lipparini,
1999, p317); and to internalise them into the organisation (Grant, 1996). This involves
the development of partnering capabilities (Hall, 2006) or ‘collaborative know-how’
(Simonin, 1997, p1150) that involves a process of ‘learning how to collaborate’ (Powell,
1998, p238) by the organisation. Therefore, some scholars have used measures of
alliance experience as an indicator of relational capability (Gulati, 1995; Ahuja, 2000).
As suggested by Lorenzoni and Lipparini, ‘[olnce a firm begins collaborating, it
develops experience at interacting, and this provides fertile ground for further
innovative interactions’ (Lorenzoni & Lipparini, 1999, p335). These studies, in fact, test
whether the accumulation of relational capability allows organisations to form new
collaborations but leave unexplored the extent to which that relational capability also
results in an increased ability to access distant complementary knowledge assets
(Gulati, 1995; Gulati & Gargiulo, 1999; Lorenzoni & Lipparini, 1999). So, it is not only a
matter of the amount of collaborations but also their quality, namely whether higher
levels of relational capability (measured as a high number of collaboration linkages)
also result in a larger exploitation of potential inter-organisational synergies or, what is
effectively the same, in increased degrees of collaborative knowledge integration. Our

guantitative empirical methodology addresses this question.

Turning now to studies of knowledge integration specifically in the academic domain,
Rafols (2007) suggested that the high coordination costs® involved in collaborative
R&D projects on emergent technologies (such as bionanotechnology) result in
diminished degrees of collaborative knowledge integration from different research
fields (captured by the author’s conceptual definition of cognitive diversity; Rafols,
2007, p409). Nevertheless, the author’s attribution of the low levels of collaborative
knowledge integration to one single attribute of R&D collaborations (their
coordination costs) is questioned here. We argue that besides coordination-costs’

issues, other organisational or system-level attributes might play a relevant role,

>3 The authors refer to coordination costs as the costs of relationship development and coordination of
activities required by collaboration efforts (Cummings & Kiesler, 2005, p704).
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discouraging researchers from integrating and getting involved in other knowledge
fields, a behaviour intended to avoid weakening specialisation and academic
performance in their respective disciplines (Llerena & Meyer-Krahmer, 2003, p79;

Hessels et al., 2011, p564).

The conceptual approach developed for the present research proposes to assess how
attributes — other than coordination costs — concerning the collaborative relation, the
involved actors and the technological system may possibly affect the degree of
collaborative knowledge integration. The attributes assessed through a mixed
qualitative and quantitative approach include: (i) system-level formal institutions —
particularly research evaluation and reward rules; (ii) informal institutions such as
scientists’ views and routine practices enabling the integration of external knowledge
through collaboration (which are, in fact, affected to some extent by formal
institutions); (iii) attributes of the organisations or research groups involved in the
collaborations™*; and (iv) other system-level background factors that may support or
hinder the collaborative integration of knowledge (see a simplified representation of
the conceptual framework in Section 2.8). In the next section, we review extant
research on system-level institutional forces particularly relevant for public-sector
research organisations which represent the locus where knowledge integration is

assessed in our study.

2.7.3 System-level institutional factors shaping knowledge integration

We have discussed in previous sections how institutions play a key role enabling the
aggregation of complementary actor-level technological capabilities into system-level
innovation capability (Lall, 1992; Cimoli et al., 2009, pp337-43; Bortagaray, 2007,
p354). Before expanding this argument, we should provide a definition for the concept
of institutions. ‘Institutions are the humanly devised constraints that structure human

interaction. They are made up of formal constraints (e.g., rules, laws, constitutions),

>* As discussed above we particularly refer to absorptive capacity (assessed through indicators of size
and education level of the R&D group’s members) as well as to partnering experience (Ahuja, 2000) as
indicators of the relational capacity of each research group.
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informal constraints (e.g., norms of behavior, conventions, self-imposed codes of
conduct), and their enforcement characteristics. Together they define the incentive
structure of societies and specifically economies’ (North, 1994, p360). Given our focus
on emergent technologies and public sector research, for the purposes of our study,
we focus on the role of formal non-market institutions which ‘...offer the main
governance structure in many activities where market exchanges are socially

inappropriate or simply ineffective’ (Cimoli et al., 2009, p340).

Formal institutions and, more narrowly, public policies may play a major role
supporting technological learning, the development of indigenous technological
capabilities, complementary interactions among actors and the exploitation of
innovation opportunities, hence fostering economic development (Cimoli et al., 2009,
pp337-43). The incentive structure set by the institutional framework becomes a
fundamental force that may allow or hinder the exploitation of opportunities for
complementarity, innovation and economic development offered by the capabilities
functionally in place throughout the whole system (Lall, 1992; Padilla-Pérez et al.,
2009; Bortagaray, 2007, p354). This is particularly relevant in developing countries,
since they commonly have poor patterns of interaction among actors in the system
and weak formal and informal institutions supporting those interactions (Padilla-Pérez
et al., 2009, pp143-5), hence requiring distinctive approaches for the development of
policies supporting innovation compared to developed economies (Chaminade et al.,
2009, p365). The scarcity of resources in developing countries make them particularly
reliant on well-established complementarities among actors of the system and hence
on a coherent set of institutions and incentives to organisations and individuals
underpinning the realisation of such potential complementarities (Bortagaray, 2007,

pp350, 354).

Therefore, we argue that further scholarly studies should pay careful attention to how
system-level institutions, incentives and public research policies may be supporting
processes for collaborative knowledge integration among public research actors and
hence fostering or hindering the synergistic exploitation of local knowledge assets and
skills built throughout the public research system. An influential study on the benefits

‘

of public research has suggested that there is a ‘...growing technological complexity
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and the need to ‘fuse’ previously separate streams of science or technology...[hence]
nations need a portfolio-based approach to the public funding of basic research — a
portfolio both in terms of research fields and technologies but also in terms of a full
range of mechanisms and institutions for ensuring that the potential benefits of
publicly funded research are transferred and exploited successfully’ (Salter & Martin,
2001, pp528-9). This makes clear the key role of public science policies in underpinning
a country’s ability to effectively exploit the potential benefits offered by the
knowledge-bases existing in the public research sub-system. Previous studies of the
influence of the institutional framework on emergent technological systems have
suggested the need to further explore ‘...how and why are interactions blocked or
feared...[and] what mechanisms are preventing researchers from articulating
knowledge areas and cognitive approaches’ (Bortagaray, 2007, pp357). Our research
partially addresses this need, particularly by exploring how researchers’ formal
assessment institutions may be shaping the extent of collaborative knowledge

integration realised by public research groups.

We turn our discussion next to the institutional rules, academic incentives and related
science and technology policies that may shape the general orientation of the scientific
research system, and briefly review the general changes that have been taking place in
such institutions during the last two decades. We refer, on the one hand, to trends in
scientific systems’ practices and incentives towards an increasing attention to the
practical application and social relevance of research results and, on the other hand, to
the interplay between this changing emphasis with the influence exerted by
researchers’ assessment institutions — be they formal or informal rules (Gibbons et al.,
1994; Hessels & van Lente, 2008; Hessels & van Lente, 2011). The institutional change
in the practices and orientation of scientific research towards an increased applicability
of results in the solution of socially-relevant problems has been termed ‘Mode 2’
research after the seminal contribution of Gibbons et al. (1994). Other (previous and
subsequent) contributions regarding this change have developed related descriptive

and/or prescriptive approaches such as the triple helix (Etzkowitz & Leydesdorff, 2000;
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Sutz, 2000), finalisation science (Béhme & Krohn, 1976; Forman, 2007) and post-

academic science (Ziman, 2003; Hessels & van Lente, 200855).

More recent studies of this changing institutional environment have focused on two
main developments influencing the actual magnitude of such a change towards greater
social relevance, namely: (i) the increasing pressure from academic research funding to
perform application-oriented and socially-relevant research projects; and at the same
time, (ii) a significant rise of performance assessments policies and instruments that
result in a pervasive pressure on researchers to publish their results in peer-reviewed
academic journals (Hessels et al.,, 2011). It has been claimed that these two
developments may exert conflicting forces, resulting in a tension on the final
orientation of research, depending on the research field (Hessels & van Lente, 2011).

As the cited publication clearly states:

‘...researchers experience a tension between satisfying the needs of application-
oriented funding sources and reaching high scores on evaluations dominated by
bibliometric indicators ... The dominant funding shifts may imply a pressure for
more practical relevance, while the rise of performance evaluations has
increased the pressure to publish, which may devalue practical concerns and

stakeholder interactions’ (Hessels et al., 2011, p555).

The authors argue that the ‘interplay’ between these conflicting forces has received
limited attention in science and technology studies, suggesting also that field-specific
studies are required since the influence of institutional changes may differ among
scientific fields as a result of their different knowledge bases and their positions within
the structure of the innovation system (Hessels & van Lente, 2011, p216). With the aim
of addressing this gap, the authors raise a number of questions for further research
that are also helpful in guiding our exploration of how academic institutions may
influence collaborative knowledge integration; we next cite two of these suggested
questions: (i) ‘Do new criteria, relating to the societal relevance of research results,

currently count significantly in...retrospective evaluations of individuals, projects or

> These authors develop a comprehensive review of the main analyses and contributions on the
changes in the scientific research system referred to in this section.
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organisations?’ (Hessels & van Lente, 2008, p758); and (ii) ‘have the changes in the
science-society relationship made practical applications into a source of credibility for

academic scientists...?”°° (Hessels & van Lente, 2011, p216).

The authors found contrasting results, depending on the research field. For example,
for catalytic chemistry the authors found that application-oriented research has a
positive impact on academic recognition as well as on scientists’ performance in
research evaluations (Hessels & van Lente, 2011). Nevertheless, opposite influences
were observed for research on animal sciences. The authors observed that recognition
and the orientation of research in this latter field are mostly dominated by scientific
criteria; in the authors’ words, performance assessment of individual researchers
‘..tend to be dominated by bibliometric criteria that stimulate an inward looking
perspective in which the role of societal stakeholders is marginal’ (Hessels et al., 2011,

p565). In particular, the authors argue that:

‘In [animal production systems]...there appears to be a mismatch between the
societal knowledge demands and the existing disciplinary institutions to support
the fulfilment of these demands. The new leading question...requires a
combination of knowledge dealing with animal feeding, animal housing, and
animal behaviour, which have traditionally been separate. ... The trans-
disciplinary approach currently being developed...is not yet supported by a
clearly visible international research community, scholarly organizations and
established scientific journals. Journals with a respectable tradition (and a high
impact factor) stem from the era of the old research system, which was oriented

towards productivity enhancement’ (Hessels et al., 2011, p564).

The previous paragraphs point to a need for further research that our study has
addressed to some extent. First, it was argued that little attention has been given to
the ‘interplay’ between the influences exerted by the increasing need for application-
oriented research and the upsurge of research assessment rules dominated by

bibliometric indicators (Hessels & van Lente, 2011, p216). In addition, from the

*® The second guestion was addressed comparatively for three sub-fields of chemistry research in the
Netherlands.
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literature on innovation systems, the need for research on institutional rules that
affect how organisations perform particular internal and external activities (such as
networking) in an innovation system was suggested by Edquist® (2005). The present
research addresses these issues by exploring how academic views, local researchers’
assessment institutions and ‘global rules’ on scientific peer-reviewed publishing shape
the extent of knowledge integration accomplished by R&D groups through their
collaborative research activities. It is worth noting that previous studies already
mentioned have analysed either specific collaborative initiatives (Llerena & Meyer-
Krahmer, 2003) or specific research fields within a nation (Hessels & van Lente, 2011;
Hessels et al., 2011), but employing case studies and survey methodologies with
neither an assessment of the knowledge assets being integrated nor an indicator of the
extent of collaborative knowledge integration. This gap in the literature was already
identified by Colombo et al. in 2006 and still requires further research contributions

(Colombo et al., 2006, p1193).

The assumption underlying this study is that collaborative knowledge integration
fosters the development of absorptive and learning capacity, and the exploitation of
technological opportunities in developing countries (Viotti, 2002) hence enhancing the
innovation performance of individual organisations (Nooteboom et al., 2007) and of
the entire system (Carlsson & Stankiewicz, 1991, p94). At a lower level, after Van den
Besselaar and Heimeriks (2001), knowledge integration across scientific and
technological fields is assumed to be a process that pursues the solution of societal
problems. Therefore, by characterising the relation between academic institutions
(views, motivations, incentives and researchers’ assessment rules) and collaborative
knowledge integration, this research contributes to exploring the interplay between
the conflicting forces referred to in the previous paragraph, in the particular context of
agri-biotechnology R&D in Uruguay. Additionally, our exploration was conducted

through a truly relational approach (rarely employed in previous system studies) by

>’ The authors refer to institutions that may encompass a single organisation, a group of organisations,
communities of scientists, engineers or entrepreneurs, or the whole system. In our research, attention
was given to institutional rules affecting the local community of researchers in the public sector, which
encompasses the local researchers’ assessment system and ‘global rules’ on scientific publishing and
recognition (Hessels & van Lente, 2011, p233).
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developing measures of complementarity between collaborating R&D groups that take
into account the backdrop of the whole knowledge-space of the public-research (sub)
system under study (see Section 2.6.2 on measurement). We subsequently test the
relation between an R&D group’s compliance with academic institutions (performance
assessment) with such measures of complementary knowledge integration achieved
by the R&D group through its collaborative relations (see the description of the

methodological approach in Chapter 3).

With regard to researchers’ views towards collaboration across knowledge-fields,
Llerena & Meyer-Krahmer (2003) observed that researchers may be discouraged from
getting involved in collaborations with partners from other knowledge fields, in order
to avoid weakening specialisation, academic performance and thus reputation within
their respective disciplines. The authors argued that common incentives in public-
sector research mainly reward discipline-oriented outcomes (Llerena & Meyer-
Krahmer, 2003, p79). These barriers were even reinforced by rigid disciplinary
structures of some university schools and faculties (Llerena & Meyer-Krahmer, 2003).
Therefore, these disciplinary structures (informal institutions at the school level in this
case) accompanied by unclear or non-existent incentives at individual, organisational
and research-system levels, may well have acted as an obstacle for collaborative
knowledge integration (Llerena & Meyer-Krahmer, 2003, p85). As was suggested
above, these sorts of institutional barriers are to some extent related to the influence
of researchers’ evaluation institutions that are reflected in disciplinary views and
motivations of individual scientists or research communities that may deter
researchers from engaging in more integrative collaborations between research groups
or laboratories. Based on the argument above, our study pays particular attention to
whether or not there is an influence of traditional scientific assessment norms and
incentives well established in the global scientific community — mostly based on peer-
reviewed publication records — in supporting or hindering collaborative efforts that
attempt to integrate distant complementary knowledge. This influence is explored in
the context of R&D collaborations among public research organisations (R&D groups)

within the boundaries of the Uruguayan agri-biotechnology innovation system.
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Such an influence is exerted before a decision to collaborate with a potential partner
(that has distant complementary knowledge assets) is taken. From an empirical point
of view, this can be explored in qualitative interviews but presents difficulties in terms
of being assessed through a quantitative approach. Therefore, we took an ex-post
assessment perspective by exploring the influence of these institutional incentives
after the collaborative effort has taken place. With this aim, we developed a
comparative approach that allowed us to quantitatively distinguish between: (i) R&D
groups that collaboratively integrate highly complementary knowledge (relatively high
cognitive distance from its R&D partners); and (ii) R&D groups that collaboratively
integrate less complementary knowledge assets (comparatively lower cognitive
distance from its R&D partners), namely those that achieve lower degrees of
knowledge integration in their collaborative R&D activities. Once we had characterised
and segregated R&D groups achieving distinctive degrees of collaborative knowledge
integration, we were subsequently able to explore how the influence of traditional
academic assessment norms may explain such differences between R&D groups. We
assessed the influence of traditional academic assessment norms on R&D groups’
behaviour by measuring the relative extent of compliance that individual R&D groups
show with regard to such rules and incentive mechanisms (performance in scientific

assessment exercises).

The present research explores the relevance of the rules and incentive mechanisms
referred to above with the aim of drawing lessons for policy makers regarding the
required interventions to address potentially relevant institutional drivers or barriers
to inter-organisational interaction and collaborative knowledge integration. To sum up,
the role and relevance of the institutional factors discussed in this section on the
extent of collaborative knowledge integration (understood here as the exploitation of
potentially complementary knowledge assets) are explored in this research through
both qualitative and quantitative approaches. As stated earlier, the core assumption is
that greater technological advancement can be achieved if system-level institutions
support the development of collaborative R&D activities among public R&D groups in
the agri-biotechnology system that achieve high degrees of collaborative knowledge

integration. In the next section, we summarise the discussion we deployed throughout
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this chapter and synthesise it in a comprehensive conceptual framework developed for

this study.

2.8 Closing remarks

Throughout this chapter we have substantiated our claim for the need of scholarly
research addressing the integration of knowledge and capabilities that takes place
through collaborative R&D partnerships between public research organisations within
the context of emerging technological innovation systems in developing countries.
Therefore we focused our attention on the process that we defined as collaborative
knowledge integration. Our research intends to address this gap by exploring how and
to what extent local knowledge assets and R&D capabilities are being integrated and
exploited through inter-organisational collaborative arrangements within the
emergent agri-biotechnology innovation system in Uruguay. In order to better
understand these dynamics, we also explored the most relevant forces that may shape

the extent of knowledge integration accomplished by the collaborating organisations.

The assumption underpinning this study is that collaborative knowledge integration
fosters the development of absorptive and learning capacity (Viotti, 2002), and the
exploitation of opportunities for the complementary aggregation of actor-level
technological capabilities into system-level innovation capability in developing
countries (Lall, 1992; Cimoli et al., 2009, pp337-43; Bortagaray, 2007, p354).
Additionally, we assume that collaborative knowledge integration contributes to the
solution of socially-relevant problems (Van den Besselaar & Heimeriks, 2001) and
enhances the innovation performance of both individual organisations (Nooteboom et
al., 2007) and the entire system (Carlsson & Stankiewicz, 1991, p94). On that basis, we
formulated our main research question as follows: How and why does the extent of
scientific and technological complementarity exploited through R&D collaborations
differ among collaborating actors of the agri-biotechnology innovation system in the

context of developing countries?



- 89 -

Our argument for the significance of collaborative processes for knowledge integration
has drawn on the collective nature of innovation activities emphasised by the reviewed
literature, and the increasing relevance of inter-organisational collaborations for the
overall system’s innovation performance — especially in emerging technological
systems. The importance of studying knowledge integration through such interactions
is even more salient in developing countries where specialised knowledge bases,
technological R&D capabilities and funding for research and innovation activities are
scarce and distributed among many actors (Viotti, 2002; Bortagaray, 2007) while
interaction and coordination among actors in the system and institutions supporting
them are poorly developed (Arocena & Sutz , 2002; Padilla-Pérez et al., 2009). This
poor systemic functioning undermines the potential impact of local capabilities on
innovation and socioeconomic development in developing countries (Arocena & Sutz,
2002; Lundvall et al., 2009b, p18). Moreover, we argued for a special focus on public
research organisations (and their interactions), since they are at the centre of
technological learning processes and encompass most knowledge assets and R&D
activities in developing countries (Viotti, 2002; Edquist, 2005), while the private sector
has a generally low technological level and a high reliance on external sources of

knowledge and technological capabilities (Padilla-Pérez et al., 2009, p145).

In order to set the theoretical underpinnings of our research question, we reviewed
academic literature on inter-organisational collaborations and networks, focusing
particularly on non-market collaborative relations established for the purpose of
conducting joint R&D activities (Heinze & Kuhlmann, 2008; Lam, 2005; Laudel, 2001).
Studies of innovation systems were also reviewed in order to situate R&D
collaboration and knowledge integration processes within a wider context, and taking
into account that this body of research claims to follow a relational research approach
that pays singular attention to the interactions and coordination between actors and
components of the system (Johnson & Lundvall, 2000; Carlsson et al., 2002; Malerba,
2005). After exploring specific system perspectives for national, technological and
sectoral-level studies, we provided certain conceptual foundations to set the
boundaries of our study around the intersection between a sectoral and an emerging

technological innovation system, and within the situational and institutional scope of a
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single developing country. More central for the phenomenon we want to study, we
critically analysed studies of complementarity between organisations (Pfeffer, 1972;
Pfeffer & Nowak, 1976; Pfeffer & Salancik, 1978; Teece, 1986; Colombo et al., 2006)
and scientific knowledge fields (Rafols & Meyer, 2010; Wagner et al., 2011), paying
particular attention to their empirical and methodological approaches. Within this
academic literature, we reviewed studies of interdisciplinary research processes and
outcomes (Wagner et al., 2011; Rafols & Meyer, 2010; Rafols, 2007) since this scholarly
community has analysed the integration of complementary knowledge fields (in its
various forms, be it through collaboration or other means) and developed sound
empirical and methodological approaches to assess and measure knowledge
integration processes. Finally, we also discussed extant research on the role of
institutions and, particularly, public policies enabling or hindering inter-organisational
interactions and knowledge integration in emergent technological systems (Lall, 1992;

Padilla-Pérez et al., 2009).

Throughout our discussion in this chapter we have pointed to a number of gaps in the
bodies of literature critically analysed that suggest the need for further scholarly study.
We summarise in Table 2.2 below, how our research expects to contribute by
addressing, to some extent, such identified gaps. Among these addressed gaps, we
argue that our central contribution lies in studying the extent of collaborative
knowledge integration accomplished by public research organisations and the most
relevant forces shaping this process. The need for further research on “...the contexts

and processes that foster knowledge integration in research’ was highlighted by recent

studies as a salient gap in extant research (Wagner et al., 2011, p24).



Table 2.2: Summary of suggested contributions to extant research

"I:::z::e Proposed contributions Supporting references
Development of a truly relational approach that, while encompassing the | Carlsson & Stankiewicz, 1991,
whole technological system, explores interactions and integration of p94
capabilities among actors at lower levels of aggregation than the Carlsson et al., 2002, p236
structural approaches predominantly used by scholars of this field. Markard & Truffer, 2008

Arocena & Sutz, 2002
Particular attention paid to knowledge generation dynamics and inter- Viotti, 2002, p673;
organisational interactions within the public research sector, since this is Brundenius et al., 2009
the main performer of R&D activities in the context of emergent Pittaluga & Vigorito, 2005, p174
technological systems in developing countries (in contrast to developed
Innovation nations)
’
systt?ms Exploration of how system-level institutions (particularly researchers’ | Hessels et al., 2011, p555
studies assessment rules and incentives) shape the extent of knowledge | Hessels & van Lente, 2011, p216
integration achieved by R&D groups through their collaborative research | Llerena & Meyer-Krahmer, 2003
activities. It has been claimed that scientists face conflicting forces from
formal institutional incentives that might affect inter-organisational
interactions and the integration of complementary knowledge fields.
Nevertheless, the influence of such conflicting forces in specific
knowledge-fields has received little attention in science and technology
studies. Previous studies have analysed either specific collaborative
initiatives or specific research fields within a nation, employing case
studies and survey methodologies but developing neither an assessment
of the knowledge assets being integrated nor indicators of the extent of
collaborative knowledge integration accomplished.
Study of mostly informal R&D collaboration and knowledge integration Colombo et al., 2006
among public research organisations within an emergent technological Hall, 2006
system in a developing country; this complements the most common
approach to study inter-organisational collaborations that focuses mainly
on formal relations between firms (e.g. joint ventures) or between
university and industry organisations but paying little attention to
collaborations at the national level.
On the access to complementary assets: Colombo et al., 2006, p1167
Study of R&D collaborative arrangements and the factors shaping the Luo et al., 2009
extent to which the collaborating actors access and integrate Teece, 1986, p286
complementary knowledge assets and R&D capabilities distributed
throughout the system (degree of complementarity among partners’
knowledge assets); this goes beyond the well-established concept of
complementary assets proposed by Teece (1986) based on highly
aggregated categories of organisational assets (e.g. R&D vs. commercial
Inter- assets) that have shown no explanatory power for exploratory R&D

organisational
collaboration

partnerships, the subject of our research.

From an empirical perspective, a survey-based method was developed
for a fine-grained identification of the knowledge assets possessed by
public research organisations in the technological system studied,
allowing the generation of a reliable indicator for the degree of
complementarity between actors. Previous studies have suggested that
this deeper disaggregation of research capabilities was required for
further assessment of the drivers of R&D collaborations.

We explore how organisational-level attributes such as absorptive- and
relational-capability may shape the extent of knowledge integration
accomplished by an actor through its collaborative R&D efforts. Previous
research on inter-organisational collaboration has focused mainly on
whether these capabilities allow an organisation to form new
collaborations but leave unexplored if they also foster an increased
quality of those collaborations in terms of the extent to which the
partners provide access to distant complementary knowledge assets.

Colombo et al., 2006

Gulati, 1995
Ahuja, 2000
Dyer & Singh, 1998
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Body of

., Proposed contributions Supporting references
literature P PP g

Level of analysis - peer reviewed publication vs. the R&D project:
Assessment of knowledge integration at the level of local collaborative Wagner et al., 2011, p16,19
R&D projects between public research organisations. This approach
captures the extent of knowledge integration at the research process-
level, namely at the actual locus where the research activity and the
process of knowledge integration took place. Contrastingly, the most
common approach — identified as a shortcoming in this research field —
has been to measure the degree of knowledge integration at the
research-outcomes-level, looking specifically at a single type of easily
observable outcome (the scientific peer-reviewed publication indexed in
bibliographic databases), while overlooking the actual processes where
the integration takes place (Wagner et al., 2011, p19). This literature has
also paid little attention to the study of knowledge integration in
geographically localised research activities, and suggested the need for
further research on “...the contexts and processes that foster knowledge
integration in research’ (Wagner et al., 2011, p24) as a salient gap in this
research field, to which we contribute with our assessment of the forces
shaping collaborative knowledge integration.

Cognitive and social integration assessed together:
Knowledge By looking at collaborative R&D projects, our approach provides Wagner et al., 2011
integration combined information on the two main dimensions of knowledge Leydesdorff & Rafols, 2011
integration, namely the actual knowledge assets and research- Rafols, 2007

capabilities being integrated (the cognitive dimension) and the social
interactions among organisations or R&D groups (R&D partnerships)
required for the integration to take place (the social dimension). This is
claimed to be a singular conceptual and methodological contribution of
this research to the literature on knowledge integration and
interdisciplinarity, since studies of knowledge integration have adopted
mostly separate approaches to assess the cognitive and social
dimensions of integration. On one side, scholars studying integration
among scientific research fields based on bibliometric data and
knowledge proximity indicators have focused mostly on the cognitive
dimension of knowledge integration, while paying relatively little
attention to the social interactions among actors involved in the
integration process. On the other hand, studies of inter-organisational
collaborations and networks have focused on the social dimension of
integration, exploring patterns of relatedness or social proximity among
actors within a system or network, while they mostly overlook how and
to what extent these relationships among actors integrate
complementary sources of knowledge and capabilities distributed
throughout the system. These two perspectives are brought together in
a single study here.

Source: elaborated by the author based on the cited references and the argument set out in Chapter 2.

We identified a number of relevant factors driving collaborative knowledge integration
from the bodies of scholarly research reviewed in this chapter while other forces were
found to be relevant for the purpose and boundaries of this research through an
inductive interpretation of a number of exploratory interviews. Moreover, we
narrowed down our conceptual and empirical focus to address the overarching
question by introducing and discussing the relevance of the following two more
specific research questions that also guided the identification of forces shaping
collaborative knowledge integration: (i) How do system-level institutions and incentives

for public sector researchers shape the extent of integration of complementary
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knowledge assets achieved by R&D groups through collaborative research activities
within a developing-country agri-biotechnology innovation system?; and (ii) How do
organisational-level attributes shape the extent of integration of complementary
knowledge assets achieved by R&D groups through collaborative research activities

within a developing-country agri-biotechnology innovation system?

Guided by these two narrower questions, we subsequently interrogated the literature
and our exploratory qualitative observations about how the extent of knowledge
integration achieved by an organisation or R&D group through collaborative research
activities might be shaped specifically by: (i) structural and relational attributes of the
R&D group (absorptive and relational capacities); (ii) system-level institutions and
incentives (particularly public policies supporting interaction and knowledge
integration among organisations and knowledge fields); (iii) compliance of the R&D
group with scientific reward institutions; and (iv) other applicable contextual
conditions’®. In Figure 2.4 we bring together the theoretical foundations of our study
and the suggested causal relations® between the extent of collaborative knowledge
integration and relevant forces that we conceptually outlined in Section 2.7. The
diagram intends to concisely illustrate the overall conceptual framework on which we

base the empirical work, analysis and discussion we set out in this thesis.

> We included here a number of factors argued to be part of the relevant background for the purpose
of this research. These include: the overall structure of the technological innovation system under study;
the availability and demand of trained human resources (Edquist, 2005; Viotti, 2002; Senker & Van
Zwanenberg, 2001); sources of competitive funding for R&D and innovation activities (Bergek et al.,
2008; Colombo et al., 2006; Heinze & Kuhlmann, 2008); sources of inter-organisational conflicts (Heinze
& Kuhlmann, 2008; Arocena & Sutz, 2002); consumer perceptions; existence of intermediary
mechanisms or platforms supporting non-market interactions and coordination among actors (Senker &
Van Zwanenberg, 2001; Acha & Cusmano, 2005; Rafols, 2007); informal institutions; and, applicable STI
policies and other regulatory norms (Senker & Van Zwanenberg, 2001). The role of these factors was
explored during the desk work and interview stages of our fieldwork.

% We say ‘suggested causal relations’ since our methodological approach does not allow us to test
causality.
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Figure 2.4: Conceptual framework

Joint social and cognitive
integration attributes

Researchers’ assessment
system and incentive policies

System-level
institutions

R&D groups’ structural
attributes

Knowledge-integration between
R&D groups through collaborative
R&D projects:

Actor-level
attributes

R&D groups’ social relational / Degree of complementarity
capability among collaborating R&D groups’
¢ knowledge-assets
(research capabilities and
disciplinary knowledge)

R&D groups’ compliance with
scientific reward institutions

Source: elaborated by the author

Finally, we have argued that, besides the conceptual contributions we propose to
make (see Table 2.2 above), our study offers a relevant methodological contribution
for the assessment of knowledge integration through inter-organisational
collaboration. In particular, we developed singular quantitative indicators of the
degree of complementarity between R&D groups collaborating in a research project, in
order to build a measure of the extent of collaborative knowledge integration achieved
by every single organisation or research group encompassed by our study. This
required a substantial effort to adapt indicators developed in previous studies to the
context of our empirical research and to build a suitable classification system of
knowledge assets’ categories. The proposed combined exploration of the degree of
complementarity between R&D groups in terms of their knowledge assets (cognitive
dimension of knowledge integration), and collaborative R&D relations among research
groups developed during the implementation of R&D projects (the social dimension of

knowledge integration) is presented as a distinctive element of our research. This
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allows us to capture knowledge integration at the R&D process-level (individual R&D
projects), namely at the actual locus where research activity and collaborative
knowledge integration take place, an approach that has been mostly absent in
previous studies of knowledge integration. The next chapter describes the overall
empirical methodology adopted by this study while we also discuss in more detail the

methodological contribution suggested in this paragraph.
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Chapter 3 - Methodology
3.1 Introduction

The present research studies how knowledge and research capabilities are integrated
across organisational boundaries through collaborative R&D arrangements, a process
that we define as collaborative knowledge integration. In particular, we have argued
for the need to study how the extent of collaborative knowledge integration achieved
by an organisation or R&D group through its interactive research activities might be
shaped by a number of forces stemming either from the broad technological
innovation system or from specific attributes of the individual organisation being
assessed. In the previous chapter, we discussed the theoretical foundations
underpinning our research questions and suggested contributions, which encompass
academic literature on: innovation systems (with a focus on emergent technologies
and sectoral systems); inter-organisational networks and R&D partnerships;
complementarity among organisations’ resources; and studies of interdisciplinary
research — the latter understood as a research process that integrates knowledge from

different scientific fields.

This research contributes to the bodies of scholarly research referred to above by
means of both the singular methodological approach to measure the extent of
collaborative knowledge integration accomplished by public research organisations
within the context of the agri-biotechnology innovation system, and the assessment of
the most relevant factors shaping collaborative knowledge integration through the
conceptual framework presented in Chapter 2. The conceptual and methodological
contributions rely mainly on a combined exploration of two dimensions of the
knowledge integration process that takes place during the implementation of R&D
projects; namely we refer to a social dimension given by the formal and informal
linkages established between public R&D groups to conduct the collaborative research
activity, and a cognitive dimension resulting from the relatedness between the
knowledge assets controlled by the collaborating R&D groups (with similarity or
distance as measures of the degree of complementarity between groups). As was

argued earlier, previous studies have mostly explored these two dimensions
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separately. Moreover, proper relational perspectives (like the one proposed here)
have been missing in previous studies of emergent technological innovation systems in
developing (and even in developed) countries, since these have followed
predominately structural approaches (Carlsson et al., 2002). This research expects to
draw relevant lessons for policy-making in support of emergent technologies in the

context of middle-income developing countries.

Based on the critical review of extant literature, in the previous chapter we discussed
and substantiated a number of key arguments that should be taken into account in
order to understand our research questions, empirical approach and subsequent
interpretation of the results. The main argument is that collaborative knowledge
integration fosters the development of absorptive and learning capacity at the level of
the whole system in developing countries (Viotti, 2002), through the complementary
aggregation of actor-level technological capabilities into system-level innovation
capacity (Lall, 1992; Cimoli et al.,, 2009, pp337-43; Bortagaray, 2007, p354). This
argument is supported by Nooteboom et al. (2007), who suggest that organisations
that tend to collaborate with partners that have (on average) rather similar knowledge
bases and R&D capabilities (thus reaching low levels of collaborative-knowledge
integration) achieve comparatively lower levels of technological learning and
innovation outcomes (Nooteboom et al., 2007). For the purpose of this research, it is
assumed that these organisations are not exploiting opportunities to collaborate with
other more distant (complementary) actors of the system, hence lessening the extent
of knowledge integration, the performance of the individual organisation (Nooteboom
et al., 2007) and of the system as a whole (Carlsson & Stankiewicz, 1991, p94).
Similarly, we assume that collaborative knowledge integration contributes to the
solution of socially-relevant problems (Van den Besselaar & Heimeriks, 2001) and that
collaborative R&D arrangements are key determinants of the exploitation of
innovation opportunities offered by emergent technologies (Geels & Raven, 2006),
particularly in developing countries (Arocena & Sutz , 2002; Lundvall et al., 2009). To
sum up, we assume this positive relation between collaborative knowledge integration

and innovation outcomes, while focusing our questions and analysis on the factors
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shaping the extent to which an organisations’ R&D collaborations succeed in

integrating complementary knowledge assets.

We now turn to how our proposed study of collaborative knowledge integration and
its most relevant driving forces was empirically carried out. Our empirical research
followed a ‘mixed methods’ approach, combining inductive analysis of qualitative data
(Dewey, 1910, p79) gathered through exploratory interviews and deductive analysis of
guantitative data encompassing purposely developed indicators for collaborative
knowledge integration and its main driving factors. As a brief summary of the process,
we started by reviewing the bodies of scholarly literature relevant for the study of
collaborative knowledge integration from a system perspective, and identifying key
forces that may shape this collaborative process. We presented the outcomes of this
critical review in the previous chapter together with the complete conceptual

framework we developed to address our research questions.

We then embarked on our empirical work, reviewing a number of technical and policy
reports in order to gain a general understanding of the structure and main dynamic
attributes of the agri-biotechnology innovation system in Uruguay, and to identify key
individual actors involved in this system. Subsequently, we performed exploratory
interviews in order to preliminarily assess the influence being played on research
collaboration and knowledge integration by the key forces identified from the
literature, and to identify other relevant factors driving collaborative knowledge
integration that might not have emerged from the literature review. After adjusting
our conceptual framework in light of the evidence gathered through the interviews,
we moved to develop a quantitative approach to empirically apply such a framework
to a study of collaborative knowledge integration by public research organisations in
the agri-biotechnology innovation system of Uruguay. This involved substantial efforts
in developing novel indicators of cognitive distance and similarity between
collaborating R&D groups, and designing and implementing a survey to R&D groups in
order to collect the data required to operationalise these indicators. Finally, we
statistically analysed the quantitative results and applied a spatial autocorrelation
model (see Section 6.2 of Chapter 6 for details) in order to assess how differences in

the extent of collaborative knowledge integration may be explained by the influence of
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the main driving system- and organisational-level forces identified earlier. The Table
below provides an ordered list of the stages we went through in our empirical research

and a description of the specific activities carried out in each stage.

Table 3.1: Empirical research process

Stage Description and goals
Preliminary literature review and identification of needs for further research.
Review of Definition of research questions.

theoretical basis
of the research

Identification of the main factors driving or hindering organisations or R&D
groups to integrate external research capabilities and knowledge, and to
establish collaborative relations for this purpose.

Development of the conceptual framework intended to analyse and explain
why public R&D groups differ in the extent of collaborative knowledge
integration they achieve. It was built drawing on the bodies of literature

Conceptual critically reviewed and preliminary findings from a deductive analysis of
framework exploratory interviews (Stage 4 in this Table).
Definition of the scope and boundaries for the empirical assessment of our
research questions.
Review of local technical and policy reports in order to characterise the agri-
biotechnology innovation system in Uruguay.
Actors’ mapping: identification of incumbent organisations and R&D groups of
Desk work

the agri-biotechnology innovation system.

Identification and selection of individual members of the R&D groups
identified to be subsequently interviewed.

Exploratory
semi-structured

First stage: five pilot interviews with qualified informants in order to explore in
a preliminary manner the most relevant actor- and system-level attributes at
play in the processes of inter-organisational collaboration and knowledge
integration within the empirical boundaries set for our study.

Second stage: further exploratory interviews with R&D leaders or researchers.

interviews Exploration of the role played by specific actor- and system-level attributes
identified in the literature review as the main factors shaping the collaborative
integration of complementary capabilities and knowledge, and inductive
identification of additional relevant factors.

Qualitative Analysis of preliminary results obtained from the exploratory interviews.

analysis of Adjustment of the conceptual framework on the basis of these preliminary

interviews results.
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Stage Description and goals

Further review of literature on quantitative approaches to assess collaborative
knowledge integration.

Definition of the unit of analysis.

Design of quantitative indicators to measure the extent of collaborative

De5|gr.1 Of, knowledge integration accomplished by R&D groups and the factors shaping
6 | quantitative .
this process.
methods

Design of classification systems to assess the knowledge assets controlled by
each R&D group (R&D capabilities and disciplinary knowledge).

Design of a survey questionnaire and on-line delivery platform intended to
collect the data required to compute the quantitative indicators designed.

Identification of agri-biotechnology R&D projectsﬁoz access, integration and
building of a comprehensive database of agri-biotechnology R&D projects
carried out in Uruguay between 1999 and 2010.

Implementation | On-line and phone administration of the survey questionnaire to coordinators
of survey of R&D | Of the agri-biotechnology R&D projects identified.

project Survey intended to build relational data on two dimensions: (i) social
coordinators interaction among organisations or research groups during the
implementation of R&D projects; and (ii) cognitive distance or relatedness
among actors’ knowledge assets (disciplines and research capabilities).

Factors shaping knowledge integration were also assessed through this survey.

Variables for the assessment of collaborative knowledge integration and its
driving forces were computed from data collected through the survey,
operationalising the indicators previously designed (stage 6). The extent of
knowledge integration was conceptualised and operationalised through
Analysis of measures of similarity and difference among the knowledge assets controlled
8 | quantitative by pairs of collaborating R&D groups.

results Adaptation of a spatial auto-correlation model to analyse our quantitative data
and interpretation of statistical results: examination of how differences
between R&D groups in the extent of knowledge integration achieved through
collaborative research, are associated with the driving forces identified
previously (stages 1 and 4).

Source: elaborated by the author

The following sections describe in more detail the research work carried out during
each of the stages referred to in the Table above. In particular, our work in reviewing
the relevant academic literature and defining the research questions is explained in
Section 3.2, while Section 3.3 illustrates the design of the conceptual framework and
sets the national, sectoral and technological boundaries within which we empirically
apply this framework to address our research questions. Section 3.4 portrays the desk

activities we carried out, the subsequent interviewing stage and the empirical

% R&D projects are seen in this study as the locus of research activity where the integration of
distributed disciplinary knowledge and R&D capabilities is assessed.
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approach to analyse the qualitative data gathered though the interviews. Finally,
Section 3.5 closes the chapter by introducing our quantitative approach designed to

assess collaborative knowledge integration and its driving forces.

3.2 Review of theoretical foundations and definition of research questions

Although the critical review of extant academic literature was something of an
iterative process throughout the entire study, the main work on building the
theoretical basis for our study was undertaken between the formulation of our initial
research proposal and the start of the fieldwork. The aim was to reach a broad
understanding of the theoretical developments concerning innovation systems, R&D
collaboration and knowledge integration among organisations. More specifically, it
encompassed scholarly studies of emergent technological innovation systems and
sectoral systems, inter-organisational R&D partnerships and networks,
complementarity among organisations’ resources, and studies of interdisciplinary
research — that is, studies of research processes that integrate different fields of

scientific or technological knowledge.

This critical review provided theoretical and empirical insights required to define the
conceptual scope for our concerns on how local sources of knowledge and R&D
capabilities are collaboratively integrated and exploited through inter-organisational
arrangements within an emergent technological innovation system. On that basis, we
then identified certain issues needing further scholarly research and formulated
research questions pertinent to the various bodies of academic enquiry referred to in
the previous paragraph. To be more precise, looking at the extent of collaborative
knowledge integration as an attribute of every individual organisation involved in
research collaborations, we defined our main research question as follows: How and
why does the extent of scientific and technological complementarity exploited through
R&D collaborations differ among collaborating actors of the agri-biotechnology

innovation system in the context of developing countries?
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Drawing also on the literature review, we discussed a number of system- and actor-
level attributes that may shape the extent to which R&D capabilities and disciplinary
knowledge are integrated by R&D groups though their collaborative research projects.
Based on this discussion and on the outcomes of inductive exploratory interviews, we
subsequently decided to focus our study on a narrow selection of specific attributes
argued to be particularly relevant for the context of our research. Correspondingly, we
also narrowed down our conceptual and empirical approach by defining the following

two specific sub-questions for our research:

(i) How do system-level institutions and incentives for public sector
researchers shape the extent of integration of complementary knowledge
assets achieved by R&D groups through collaborative research activities

within a developing-country agri-biotechnology innovation system?; and

(ii) How do organisational-level attributes shape the extent of integration of
complementary knowledge assets achieved by R&D groups through
collaborative research activities within a developing-country agri-

biotechnology innovation system?

The next section illustrates how we approached these questions by first defining clear

conceptual and empirical boundaries for the subsequent stages of our research.

3.3 Conceptual framework and empirical boundaries for the study

As was argued above, we focused our study on a narrow selection of attributes that
are likely to shape the extent of collaborative knowledge integration achieved by R&D
groups in the context of our research. The boundaries of each R&D group were
empirically defined in our study through our survey to R&D project leaders, namely
they were asked to report the whole list of members of the R&D group. We classified
these selected attributes into three categories, namely: (i) structural and relational
attributes of the R&D group; (ii) system-level institutions and incentives; and (iii)
compliance of the R&D group with scientific reward institutions. After discussing the

role of these attributes, we developed a comprehensive conceptual framework on
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which to base our empirical study of knowledge integration through collaborative
research activities. An illustrative representation of such a framework has already been

presented at the end of Section 2.8 above (Figure 2.4).

The actual empirical application of this conceptual framework required a clear and
well-grounded definition of the boundaries for our research, even more so considering
the time and resources’ restrictions of a doctoral research project. We defined the
boundaries for this study in terms of four dimensions, namely: (i) knowledge and
technological field (Carlsson et al., 2002); (ii) production sector (Malerba, 2005;
Spielman & Birner, 2008); (iii) country (Freeman, 1988); and (iv) component — or type
of actor — within the innovation system (Senker & van Zwanenberg, 2001). With
regards to knowledge and technological field, we first focused on emergent
technologies since for this sort of field, the scientific knowledge base is complex and
distributed among diverse actors. As a consequence, innovation processes related to
emergent technologies are characterised as being mostly of a collective rather than an
individual nature (Luo et al., 2009). As a result of this complexity in emergent
technological fields, different types of collaborations — the subject of this research —
represent an increasingly prevalent organisational form intended to access specialised
and / or complementary knowledge (Pfeffer & Nowak, 1976; Powell et al., 1996; Luo et
al., 2009).

Similarly, Malerba (2005) argues that formal or informal linkages between
organisations occur more frequently when there is uncertainty with regard to (novel)
technological development pathways and a need to access or learn new competences.
In other words, there is an “..increasing dependence on complementary sources of
knowledge and technological advancements’ that results in a pervasive need for
developing technological R&D collaborations between actors in the system (Acha &
Cusmano, 2005, p3). Taking all of this into account, we set the technological

boundaries for our study within the biotechnological field, a case that can still be

considered as an emergent technological system in the context of developing
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countries®!, hence demanding sound interactions among actors in the system and the
collaborative integration of local knowledge assets (Arocena & Sutz, 2002; Pittaluga &

Vigorito, 2005; Fuck & Bonacelli, 2008).

In order to define the boundaries of a technological system, the technology itself ought
to be clearly defined first. For the purpose of this research, we drew on an OECD
(2005) report that provides two definitions of biotechnology, one general and one a
list-based definition of biotechnology techniques. The general definition states that

biotechnology is:

‘The application of science and technology to living organisms, as well as parts,
products and models thereof, to alter living or non-living materials for the

production of knowledge, goods and services’ (OECD, 2005, p9).

The list-based definition is provided in the Table below. On the basis of the list-based
definition of biotechnology and other sources we detail later, we developed two
classifications for biotechnology R&D capabilities and disciplines respectively, which
were subsequently used in the survey questionnaire to characterise the knowledge
base of each R&D group (see Section 3.5). We then considered as a biotechnology R&D
group or laboratory, every research unit where at least one of the biotechnology R&D
capabilities and disciplines included in the classification is available in the group and

applied to their research activities.

* We discuss why the study was conducted within the boundaries of a developing country later in this
section.
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Table 3.2: List-based definition of biotechnology techniques

Techniques and examples

DNA/RNA: Genomics, pharmacogenomics, gene probes, genetic engineering, DNA/RNA
sequencing/synthesis/amplification, gene expression profiling, and use of antisense technology.

Proteins and other molecules: Sequencing/synthesis/engineering of proteins and peptides (including large
molecule hormones); improved delivery methods for large molecule drugs; proteomics, protein isolation and
purification, signalling, identification of cell receptors.

Cell and tissue culture and engineering: Cell/tissue culture, tissue engineering (including
tissue scaffolds and biomedical engineering), cellular fusion, vaccine/immune stimulants,
embryo manipulation.

Process biotechnology techniques: Fermentation using bioreactors, bioprocessing, bioleaching, biopulping,
biobleaching, biodesulphurisation, bioremediation, biofiltration and phytoremediation.

Gene and RNA vectors: Gene therapy, viral vectors.

Bioinformatics: Construction of databases on genomes, protein sequences; modelling complex biological processes,
including systems biology.

Nanobiotechnology: Applies the tools and processes of nano/microfabrication to building devices for studying
biosystems and applications in drug delivery, diagnostics etc.

Source: OECD (2005, p9)

The scientific base of biotechnology includes diverse disciplines such as microbiology,
biochemistry, cell and tissue culture, molecular biology, virology, genetic engineering
and immunology among others (Pittaluga & Vigorito, 2005). It has been argued that
this complex knowledge base may contribute to widening the gap between developed
and developing countries (Arocena & Sutz, 2002; Pittaluga & Vigorito, 2005).
Therefore, the integration of distributed disciplinary knowledge and R&D capabilities
within the biotechnological system through effective inter-organisational
arrangements is a sine qua non condition for innovation, even more so for developing
countries which are challenged to make the best exploitation of the innovation
opportunities offered by their limited and distributed resources and capabilities. The
argument in this paragraph suggests focusing on developing countries as another
dimension to define the research boundaries, which cannot be considered separately

to the sectoral-dimension of the research boundaries.

We turn next to defining the scope of the study in terms of the second dimension
referred to above, namely the sector-specific boundaries. As was argued in Chapter 2,
biotechnology innovation shows divergent dynamics depending on the sector of
application, hence suggesting the need to perform specific studies at the intersection
between technological and sectoral systems (Senker & Van Zwanenberg, 2001, p13).

When selecting the biotechnology field, we also took into consideration that
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biotechnology has underpinned a significant change in the dominant paradigms driving
technology development in the agriculture sector for both developed and developing
countries (Arundel & Sawaya, 2009). The innovation potential offered by the
biotechnological paradigm to the development of the agriculture sector is notable,
notwithstanding the controversies that have been taking place regarding genetically
modified organisms. Moreover, agriculture in developing countries is a much more
significant source of production, employment and national income (13.4 % of the
GDP), compared to developed nations where agriculture accounts for 1.7 % of GDP
(Arundel & Sawaya, 2009, p67). Therefore, it has been argued that ‘...the application
of biotechnology to agriculture in the developing world could have a major impact on

people, environments, and economies’ (Arundel & Sawaya, 2009, p66).

As occurred in industrial sectors, during the last few decades, the increasing
complexity of technology development processes has also challenged the traditional
models for agricultural innovation (Hall, 2006). In particular, the emergence and rise of
biotechnologies opened up broad opportunities for the agriculture sector. The
exploitation of the potential of these developments in a developing-country
agriculture sector goes beyond the capabilities of individual research organisations.
These organisations are therefore required to coordinate and collaborate with other
actors in the innovation system in order to access and integrate complementary

external capabilities into their research and innovation activities.

Similarly, it has been argued that addressing complex production problems in the
agriculture sector results in complementarities among diverse knowledge and
technological fields (Possas et al., 1994, p20), putting pressure on the actors of the
innovation system to coordinate their innovation activities. We also recall Malerba
here, to substantiate the need for sector-specific studies, since sectors exhibit different
patterns with regard to the accessibility to knowledge and sources of technological
opportunities (Malerba, 2005). On the basis of the argument developed so far in this
section, agricultural-biotechnology (and its corresponding technological system) was
selected as the combined technological and sectoral boundaries setting the empirical

focus for our study. So we can turn next to discuss the third scoping dimension, that is
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the national boundaries delineated for our empirical study of collaborative knowledge

integration.

We have argued earlier that innovation processes increasingly demand the integration
of knowledge and capabilities across organisational boundaries, and that such pressure
is even greater in developing than developed nations (Arocena & Sutz, 2002; Lundvall
et al., 2002; Chaminade et al., 2009; Padilla-Pérez et al., 2009). This greater demand
for collaboration is induced by the scarcity of resources and the existence of limited
R&D capabilities and skills distributed among multiple organisations (Bortagaray,
2007). In developing countries, therefore, individual organisations and whole
technological systems depend to a large extent on collaborative efforts for the
combination of complementary capabilities as a means to build enough scale to exploit
emergent technological and innovation opportunities (Padilla-Pérez et al., 2009; Cimoli
et al., 2009). This makes this sort of country a particularly suitable context for our

proposed study.

To be more precise, we conducted our empirical exploration of collaborative processes
for knowledge integration within the geographical and political boundaries of a single
developing country, namely Uruguay. Therefore, we discuss below the rationale for
the selection of this country. In general terms, Uruguay was found to be a potentially
fruitful case for addressing the research questions we put forward and particularly for
applying the conceptual framework developed for our study. Previous studies have
found significant barriers for the exploitation of local skills and R&D capabilities
through interactive learning processes in Uruguay (Bortagaray, 2007). In particular, it
has been argued that developing collaborative linkages among local actors is weakly
institutionalised throughout its agri-biotechnology innovation system (Bortagaray,
2007, p273). Specifically within the public research sub-system, which accounts for
most of the R&D investment in Uruguay (67 %; DICYT, 2010), institutional barriers
stemming from researchers perceiving other local R&D groups mostly as competitors
rather than as potential partners have resulted in innovation processes that usually

take place as somewhat isolated efforts (Bortagaray, 2007, pp78, 274).
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The argument above portrays the atomisation of actors within the agri-biotechnology
system in Uruguay as well as the poor coordination and interactions among
organisations. The isolated nature of innovation hinders the deployment of interactive
learning processes (Bortagaray, 2007) and undermines the potential impact of local
capabilities on innovation performance of the technological system as a whole, and
hence on economic growth and development (Lundvall et al., 2009; Lundvall et al.,
2009b, p18). Consequently, in her study of agri-biotechnology innovation in Uruguay,
Bortagaray pointed to the need of further research on ‘...how and why are interactions
blocked or feared...[and] what mechanisms are preventing researchers from
articulating knowledge areas and cognitive approaches’ (Bortagaray, 2007, pp357). The
overall picture emerging from these previous findings makes clear the need to conduct
a study of key factors affecting the collaborative integration of complementary sources
of knowledge and R&D capabilities within the empirical boundaries of Uruguay and its
emergent agri-biotechnology system. We should also acknowledge that other reasons
to select Uruguay included the personal academic interests of the author and practical
issues regarding the implementation of the empirical research such as the possibility of

gaining access to a broad set of data sources in Uruguay.

Up to this point, we have focused on the rationale for defining the limits of our
research around the agricultural-biotechnology innovation system in Uruguay. We end
the section discussing the final boundary-setting dimension. Namely, beside the
sectoral boundaries around agriculture (Malerba, 2005; Spielman & Birner, 2008) and
the biotechnological system (Carlsson et al., 2002; Senker & van Zwanenberg, 2001),
the specific component of the technological system on which we choose to focus our
analysis of collaborative knowledge integration processes. To define this specific
component, we drew on Senker and van Zwanenberg (2001), who studied
biotechnology innovation systems in European countries. The authors explored the
main determinants of biotechnology-innovation through an analytical framework that
divided the system into the following four component-networks: (i) knowledge and
skills — located in public scientific and technological research organisations; (ii) industry
and supply; (iii) demand and social acceptability; and (iv) finance and industrial

development (Senker & van Zwanenberg, 2001, p21).
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It has been argued that knowledge and skills networks (Gelsing, 1989) of an
exploratory nature play the most relevant role in the early stages of an emergent
technological system, while exploitation-networks become relevant in the later
development of the technological system (Woérner & Reiss, 1999). Additionally, for
emerging technologies in small developing countries such as Uruguay, public research
organisations possess most R&D capabilities, and consequently share the largest part
of R&D and technology adaptation activities performed in the system while the
private-sector usually exhibits a weak participation in R&D activities (Viotti, 2002;
Padilla-Pérez et al., 2009; Brundenius et al., 2009). Therefore, approaches to studying
emergent technological systems in these contexts must pay great attention to the
dynamics of knowledge generation in the public domain and to the patterns of inter-
organisational interaction and knowledge integration processes among public R&D
organisations (Spielman & Kelemework, 2009, p18; Arocena & Sutz, 2002; Hall, 2006).
Taking this into account as well as the fact that our research focus was on the agri-
biotechnology innovation system in Uruguay which is still in an emergent stage
(Bortagaray, 2007), the study of patterns of collaborative knowledge integration has
looked only at the public knowledge and skills component, particularly at
collaborations occurring in the context of publicly funded R&D projects. Another
reason to focus on this single component-network of the system was to keep the
amount of research work manageable within the time and resource limits of a doctoral
research programme, taking into account that our proposed micro-level exploration of
knowledge-assets controlled and collaboratively integrated by R&D groups represents

a demanding fieldwork effort.

This research only considered collaborative R&D projects, while other types of
collaborations such as technology transfer agreements (e.g. licensing and
subcontracting) and technical assistance or consulting services (Faulkner & Senker,
1994; Fuck & Bonacelli, 2008) were not encompassed within the data collected, since
these types of links were more difficult to identify in a systematic way. Therefore, this
study focused on the analysis of knowledge-integration processes taking place in the
context of horizontal links between public actors involved in research and technology

development. Public research organisations need to establish synergistic linkages and
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complement their own capabilities in order to enable R&D processes based on
distributed sources of knowledge and skills. Particular attention was given to these
types of linkages on the assumption that they play a key role in allowing the
exploitation of scarce and scattered sources of knowledge distributed throughout the
system and their complementary aggregation for the development of system-level
absorptive capacity (Viotti, 2002). Finally, regarding the relevance of informal linkages,
Faulkner and Senker (1994) and Liebeskind et al. (1996) found that for the
biotechnology sector, informal linkages between organisations played a significant role
and were even more extensive than formal linkages. Therefore, the methodological
approach considered not only formal but also informal collaborations between R&D

groups or organisationst.

To sum up, following the arguments presented in this section, the definition of the
limits and general background for the empirical study of knowledge integration during
collaborative R&D activities was based on the boundaries set by the intersection
between the emergent biotechnological innovation system (Bergek et al., 2008;
Markard & Truffer, 2008) with agriculture as the sectoral system (Malerba, 2005),
within the national limits of Uruguay. Therefore, the analysis of structural and
contextual system attributes such as informal institutions, science-technology and
innovation policies, involved actors, and interaction support mechanisms was
delimited by the boundaries of the Uruguayan agri-biotechnology innovation system.
Our central analysis of the integration of disciplinary-knowledge and R&D capabilities
by means of inter-organisational collaborative R&D activities was narrowed to the R&D
collaborations among public research organisations encompassed within the

knowledge, technological and geographical boundaries referred to above.

* The survey of R&D project leaders asked about both types of collaboration.
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3.4 Exploratory desk work and interviews

3.4.1 Introduction: the data collection process

The initial stages of the fieldwork had an essentially exploratory nature. The main goals
of these initial stages were narrowing down the ‘conceptualisation of the research
problem’ that we provisionally derived from the literature review (Oppenheim, 1992,
p51), and gathering general descriptive information about the structural and dynamic
attributes of the technological system wunder study. The exploratory stage
encompassed the desk work activities described in Sections 3.4.2 and 3.4.3 (analysis of
background conditions and identification of incumbents) and exploratory interviews
with qualified informants and researchers, these being conducted as described in
Section 3.4.4. Subsequently, quantitative data were gathered through a survey
qguestionnaire delivered to R&D project coordinators in order to validate the
preliminary findings drawn from the interviews and to assess the most relevant forces
that may influence the process of collaborative knowledge integration. The overall
data-collection process and corresponding sources for the present study are

summarised in Table 3.3 below.
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Subject

Sources

Data gathering instrument

Background information:

system structure; locally available
biotechnologies; higher education
programmes; R&D funding; mechanisms
supporting collaboration; informal
institutions; attitudes towards
collaboration; IPR and other relevant
policies and regulations etc.

Previous policy studies or technical reports;
competitive R&D funding agencies; National
Agency for Research and Innovation (ANII);

regulation acts.

Document review and
analysis.

Representatives of individual actors.

Pilot semi-structured
interviews.

Identification of:

(i) incumbent organisations, research
groups, laboratories and individual
researchers.

(ii) research activities (R&D projects) and
responsible organisations or R&D groups.

Previous policy studies or technical reports;
researchers’ CVs and publication records;

Websites of research organisations.

Document review and
analysis;

National Researchers System
database.

Review of relevant websites.

Records and databases of R&D projects funded
by the main research and funding bodies in
Uruguay.

Access, compilation and
analysis of R&D projects’
databases.

Exploration of main drivers and barriers for
the integration and exploitation of
complementary knowledge assets through
R&D collaboration.

Representatives of incumbent actors identified
(e.g. researchers from universities, research
institutes and input-supplier firms).

Semi-structured interviews.

Coordinators of agri-biotechnology R&D
projects.

Survey questionnaire.

Identification of:

(i) R&D capabilities and disciplinary
knowledge available in each R&D group; (ii)
inter-organisational R&D collaborations of
a formal or informal nature; and (iii) other
structural attributes of the group.

Coordinators of agri-biotechnology R&D
projects.

Survey questionnaire.

Source: elaborated by the author

3.4.2 Exploration of the agri-biotechnology innovation system in Uruguay

Uruguay is a small developing country with 3.3 million inhabitants (INE, 2012a). Its

population is highly concentrated in urban areas (94.7 %), particularly in its capital city,

Montevideo, which has 1.3 million inhabitants —39.7 % of total population of Uruguay

(INE, 2012b). Such a concentration in the capital city is reflected also in the distribution

of production units and research organisations throughout the country. The National

Firms Register showed that 63.7 % of the Uruguayan firms are located in Montevideo

(INE, 1996 cited by Pittaluga & Vigorito, 2005). Similarly, scientific and knowledge

production capabilities of the country show even higher concentration in the capital

city.
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The following figures reflect the abovementioned concentration. The main research
organisation in Uruguay is the University of the Republic (UdelaR) which is the single
public university in the country. It encompasses around 80 % of the researchers and 90
% of the graduate students in Uruguay (Bértola et al., 2005). A census conducted by
UdelaR in 2012 recorded 85.905 students out of which 94.9 % were based in
Montevideo (UdelaR, 2013). Similarly, 88 % of the teaching and research staff of
UdelaR are based in Montevideo (UdelaR, 2002).

Within the background conditions described above, the preliminary data collection
stage was based on a review of previous studies and technical reports on the
Uruguayan innovation system, with a focus on the agri-biotechnology field. The
intention was to gain a thorough understanding of the main features of the
technological system under study in order to become acquainted with the key
conditions surrounding our subsequent empirical application of the conceptual
framework proposed for the analysis of collaborative knowledge integration and its
main shaping forces. In particular, we explored contextual descriptive features of the
structure of the system such as: (i) the main incumbent actors; (ii) higher education
programmes and other policies supporting the science base (Viotti, 2002); (iii) key
technology and innovation policies; (iv) availability of R&D funds for public and/or
private actors; (v) IPR regulations and other relevant agricultural and industrial policies
(Senker & Zwanenberg, 2001); (vi) patterns of R&D collaboration among actors; and
(vii) scientists’ attitudes towards knowledge-sharing and institutional incentives to
participate in collaborative research (Arocena & Sutz, 2002; Hall, 2006; Hessels & van
Lente, 2011). The sources of data used for this background characterisation of the
system included previous research and policy reports, specific organisational websites,
industry databases, and academic and technical publications. Additionally, five pilot
exploratory interviews with qualified informants were carried out with this same
purpose of arriving at a preliminary contextual description of the technological system

under study.
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3.4.3 Desk work: identification of incumbent actors within the agri-biotechnology

system

Prior to interviewing, the data collection approach allowed an exhaustive identification
of the relevant incumbent actors of the agri-biotechnology innovation system. We
gathered information from diverse sources, comprising previous studies (Pittaluga &
Viogorito, 2005; Biotecsur, 2008a), websites of public research organisations,
researchers’ CVs (SNI, 2011) and industrial databases (MIEM, 2011). In order to
complement these sources, we subsequently gained access to project databases of the
most relevant R&D funding agencies and agricultural research organisations in
Uruguay (see Table 3.4 below®®). The incumbents’ identification process was
disaggregated to the level of individual R&D groups or laboratories, on the
assumptions that in public research organisations decisions on and coordination of the

research agenda take place mostly at the level of individual R&D groups.

Table 3.4: Sources of data for the identification of R&D projects and public research

groups
Organisation or programme Acronym

The National Agency for Research and Innovation (ANII) ANII
Technological Development Programme from the National Direction of PDT
Science, Technology and Innovation (Ministry of Education).
Fund for the Promotion of Agricultural Technology (FPTA) sponsored by the FPTA-INIA
National Agricultural Research Institute (INIA)*
Sectoral Commission of Scientific Research of the University of the Republic csIc
(UdelaR)
The National Agricultural Research Institute R&D portfolio INIA

Source: elaborated by the author

® A detailed description of the work on compiling and cleaning these R&D project databases is
presented in Section 6.2.8. A survey questionnaire sent to the coordinators of selected R&D projects (as
described in also in Section 6.2.8) allowed further improvement in the identification of incumbent R&D
groups.

® These are R&D projects competitively funded by INIA but carried out by other organisations.

® The CSIC database covers the whole project portfolio of UdelaR (the acronym for the University of the
Republic), which is the single public University in Uruguay.
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Notwithstanding the fact that our analysis of collaborative knowledge integration was
mainly focused on public research organisationsss, the identification of actors,
descriptive work and exploratory interviews also encompassed private actors such as
the suppliers of agriculture inputs that produce and/or sell biotechnologies to the
agriculture primary sector. The main outcome of this stage was building both: (i) a
single systematic incumbents’ database, disaggregated to the level of R&D groups; and
(ii) a database of scientists, R&D leaders, and other individuals involved in R&D
activities performed by the incumbent entities. In table 3.5 below we present a
descriptive summary of the whole set of actors identified through the work described

in this section.

Table 3.5: Main organisations and number of R&D groups involved in biotechnology

research
# Organisation R&D groups
1 | Agronomy School, UdelaR®’ 16
2 | School of Natural Sciences, UdelaR 24
3 | Engineering School, UdelaR 5
4 | School of Medicine, UdelaR 9
5 | School of Chemistry, UdelaR 21
6 | School of Veterinary, UdelaR 14
7 | Pasteur Institute of Montevideo (IPM) 7
8 | Hygiene Institute, UdelaR 3
9 | Institute of Biological Research, Clemente Estable - IIBCE 10
10 | National Agricultural Research Institute (INIA) 12
11 | Technological Laboratory of Uruguay (LATU) 3
12 | Ministry of Husbandry, Agriculture and Fisheries (MGAP) 4
Other organisations 4%
Total number of R&D groups identified 132

Source: elaborated by the author based on the complete record of identified actors
(Appendix 8.2)

% We refer particularly to research groups, laboratories, departments and individual scientists in public
research organisations such as universities and applied research institutes.

” We show disaggregated figures for each School of UdelaR (University of the Republic), since they
operate in a fairly autonomous way and are actually located in physically distinct sites or campuses
(Bortagaray, 2007).

® These include one group from each of the following organisations: Ministry of Public Health;
Uruguayan Wool Secretariat-SUL; Catholic University of Uruguay-UCUDAL; and the National Seed
Institute.
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As shown in the table above, we identified a total of 132 public R&D groups involved in
biotechnology research activities, whether related to the agriculture sector or not. This
total includes all sources of data we had access to, so it also encompasses R&D groups
identified through the survey conducted after the interview stage. A previous study of
the biotechnology innovation system in Uruguay identified 71 public R&D groups or
laboratories (Pittaluga & Viogorito, 2005, p275). As far as we are aware, there have
been no subsequent systematic assessments of the actors involved in biotechnology
research and innovation in Uruguay. Therefore, we can justifiably claim that our study
provides perhaps the most exhaustive identification of public research organisations
and individual R&D groups available to date in Uruguay. From the entire set of public
actors identified (132), 114 R&D groups perform research that is related to the
agriculture sector to a greater or lesser extent. Besides these public research groups,
33 private organisations were also identified (MIEM, 2011), 21 of them involved in the
development and/or commercialisation of biotechnologies for the agriculture sector
(see appendix 8.3). Therefore, for subsequent stages of our study, the combined set of
114 public R&D groups and 21 firms represents our target population or ‘sampling
frame’ (Oppenheim, 1992), namely all actors included within the boundaries of the

agri-biotechnology innovation system in Uruguay.

Finally, we built a database of individual scientists, R&D leaders, representatives of
local biotechnology firms, and other individuals involved in R&D activities performed
by the incumbent entities. Our database encompassed information for 145 individuals
from 52 public R&D groups (112 individuals) and 33 private actors. Seen from a
broader level, 10 out of the 12 main public research organisations® listed in table 3.5
are represented by the representatives (112) of public R&D groups (52) included in our
database. It is worth noting that this latter database was not intended to encompass
every scientist and individual involved in agri-biotechnology R&D but to provide

personal, affiliation and contact information for representatives of the most relevant

* Only organisations 11 and 12 from Table 3.5 (which comprise 7 out of 132 R&D groups) were not
encompassed by our database on individuals.
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R&D organisations in the technological field as potential candidates for the subsequent

interview stage described in the next section.

3.4.4 Exploratory semi-structured interviews

After the work on identifying incumbents, a preliminary investigation of likely
explanations for the research questions presented in Section 3.3 was carried out
through a number of exploratory semi-structured interviews with members of public
R&D groups and representatives of private actors involved in agri-biotechnology R&D
in Uruguay. The goals of the interview stage of this study are reflected in
methodological insights from Oppenheim (1992), who claims that: “...the exploratory
interview is essentially heuristic: to develop ideas in research hypotheses rather than to
gather facts and statistics. It is concerned with trying to understand how ... people
think and feel about the topics of concern to the research. ... [The exploratory
interviews can] throw up new dimensions to be studied, suggest many new ideas and
hypotheses’ (Oppenheim, 1992, pp67-8). Interviewees included: (i) researchers from
groups, laboratories or departments in different types of public research organisations
(universities; basic research institutes; technological R&D institutes; industrial support
service organisations); and (ii) R&D coordinators from firms involved in biotechnology
R&D and innovation, mostly suppliers of agriculture inputs or molecular diagnostic
services. Interviewing was performed in two stages, the first being intended to pilot
the interview questionnaire with a few respondents before conducting the remaining

interviews.

Departing from the individuals’ database built as described in the previous section, we
selected a ‘judgement sample’ (Oppenheim, 1992) comprising 65 researchers
representing 49 R&D groups from 10 public research organisations (out of the 12
organisations identified as listed in table 3.5). Additionally, the sample included
representatives of 15 biotechnology firms related to the agriculture sector (out of 21
private actors identified — see previous section). The selection criteria were chosen so
as to ensure broad coverage and include most types of organisations involved in R&D

activities within the agri-biotechnology innovation system in Uruguay (Oppenheim,
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1992). We subsequently sent letters to each sampled member of public R&D groups
and firms’ representatives, asking them for an interview (see the letter content in

Appendix 8.4).

A preliminary semi-structured interview protocol was developed as a guide for the
exploratory interviews. First, five pilot interviews were carried out in order to test this
preliminary questionnaire and gain initial insights on agri-biotechnology R&D and
innovation in Uruguay (see final interview questionnaire in Appendix 8.1). We were
finally able to perform 25 interviews (including the pilot ones), 17 of them with
members of public R&D groups along with 8 interviews with representatives of local
biotechnology firms. In terms of coverage, it is worth noting that ten out of the twelve
main public research organisations listed in table 3.5 (our target population) were
included among the affiliations of our 18 interviewees from public R&D groups.
Therefore, one can argue that our judgement sample is broad enough to accomplish

the exploratory purposes of the interview stage.

Besides the objective described above, all interviews were intended to permit a
preliminary grounded exploration of actor- and system-level attributes’® that may have
an influence on collaborative processes for knowledge integration among R&D groups
in the empirical context of the Uruguayan agri-biotechnology R&D system. Besides a
broad identification of the forces at play, this interview stage was intended to provide
evidence for the selection of the most relevant attributes and forces shaping
collaborative knowledge integration. Such a narrow selection represented the basis for
the subsequent finer assessment through a detailed quantitative approach, which was
specifically developed for this study as described in Section 3.5. Before this, Section
3.4.5 sets out the empirical approach followed for the analysis of the material gained

from the interviews.

" Either those initially identified in the literature review or other unpredicted attributes.
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3.4.5 Qualitative analysis of interviews

The exploratory interviews were recorded, transcribed and analysed using the
conceptual framework described in Sections 2.8 (Figure 2.4) and 3.3. Besides the actual
questions put to interviewees (appendix 8.1), in order to analyse the interview
transcripts we read and critically examined them, first trying to gain a general
understanding of background conditions around inter-organisational research
collaborations and the integration of complementary knowledge assets among R&D
groups, and subsequently seeking evidence on more specific issues such as: (i) What
are the goals and motivating factors that drive organisations or R&D groups to pursue
collaborative efforts for knowledge integration?; What are the internal and external
incentives for R&D groups?; (iii) What might be preventing actors from collaboratively
integrating distant complementary knowledge?; and (iv) What are the main risks they

perceive when sharing and integrating knowledge through collaboration?

Addressing these questions allowed the characterisation of the most relevant types of
collaborations between actors in the system, and the key drivers for collaborative
knowledge integration as well as the sorts of complementarities among actors’
scientific and technological capabilities that are exploited through collaborative R&D.
Valuable qualitative evidence was obtained on the influence that certain factors
provisionally suggested by the literature review have on processes of collaborative
knowledge integration within the empirical boundaries of this study. We refer amongst
others to the role of: (i) institutional incentives for scientists, particularly those related
to national researchers assessment norms; (ii) scientists’ perceptions and attitudes
towards knowledge-sharing; (iii) institutional mechanisms or intermediary structures
that support coordination and collaboration among R&D groups; and (iv) other
applicable science, agriculture and industrial poIicies71. It was difficult to find clear
qualitative evidence on the role of the attributes of the R&D group such as its
absorptive capacity, the degree of the qualifications of its researchers or its relational

capability, so a deeper analysis of these factors was left to the quantitative study.

" The latter three attributes were finally considered as part of the general (background??) context of
the technological system studied, given the difficulties in establishing causal relations between them
and inter-organisational collaborative knowledge integration.
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Finally, indications of other relevant forces were gathered from the interview
transcripts despite not being previously identified from the literature review. We refer,
for example, to the patterns of mobility of the R&D group members, particularly
among postgraduate research students, as a factor that may support inter-group

boundary crossing.

To sum up, the general understanding gained through the desk work and exploratory
interview stages described in Section 3.4 allowed a finer definition of the conceptual
framework developed for our study. On that basis, the set of factors shaping
collaborative knowledge integration to be subsequently analysed through the
quantitative approach (described in Section 3.5 below) was narrowed down to only
some of the factors or attributes listed in the previous paragraph, while others were
moved to the background of the research. Drawing on the results of both the interview
stage and the literature review, we developed likely explanations regarding the
relation between the four attributes described in the conceptual framework (Section
2.8, Figure 2.4) and the extent of knowledge assets’ integration achieved by R&D
groups through their involvement in collaborative research projects. These potential
explanations are laid out in Chapter 5 and subsequently analysed through the

guantitative study, the results of which are presented in Chapter 6.

3.5 Quantitative method and final considerations

Once the conceptual framework and the set of core actor- and system-level factors to
be further assessed had been narrowed down (Section 2.8, Figure 2.4), attention
turned to developing a quantitative approach for performing statistical tests of the
relation between the behaviour of such forces or attributes and the relative extent of
knowledge integration achieved by R&D groups through their collaborative research
activities. Therefore, the attributes encompassed by the framework had to be
operationalised into a set of reliable quantitative indicators. A particularly challenging
task was ‘measuring’ knowledge assets controlled by single R&D groups, and
subsequently transforming these measures at the level of single R&D-groups into a

guantitative relational measure of the degree of complementarity between the
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knowledge assets of every two R&D groups that jointly worked in a collaborative
research project. This measure of the degree of complementarity between two
collaborating R&D groups actually provides a quantitative indicator of the extent of
knowledge integration accomplished by those two groups through their joint research
activity. As noted earlier, knowledge integration has been defined “...as a process in
which previously different and disconnected bodies of research become related’ (Rafols
& Meyer, 2010, p266). In order to develop these indicators, a complementary review
of theoretical and methodological publications on the assessment of complementary
knowledge integration was carried out. We present a comprehensive description of

the quantitative approach in Chapter 6.

We have presented, throughout this chapter, a thorough description of the empirical
approach we followed to address our research questions. Beforehand, we presented a
rationale for the definition of empirical boundaries of our study in three dimensions,
namely, the technological, sectoral and national boundaries. In brief, the methodology
stages described encompassed: (i) a review of technical and policy reports intended to
provide a broad understanding of the main structural and dynamic attributes of the
agri-biotechnology innovation system in Uruguay; (ii) a systematic identification of
incumbents (public R&D groups and private organisations); (iii) identification of
publicly-funded agri-biotechnology R&D projects conducted in Uruguay; (iv)
exploratory interviews intended to preliminarily assess the main forces shaping
research collaboration and collaborative knowledge integration; and (v) the
development of a quantitative approach to measure collaborative knowledge
integration and test our proposed conceptual framework within the empirically
boundaries of the agri-biotechnology innovation system of Uruguay; this quantitative
assessment required the collection of data through a survey questionnaire delivered to
coordinators of the relevant R&D projects identified. We turn now to present, in
Chapter 4, our first set of empirical results, which provide an overview of the main
structural components and dynamic attributes of the agricultural biotechnology

innovation system in Uruguay.
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Chapter 4 - Agriculture and agri-biotechnology development in Uruguay

4.1 Introduction

We argued earlier (in Chapter 2) for the need to narrow the boundaries of our
research to a specific emergent technological field and its application in a single
sectoral system within a particular country. Then, in Chapter 3 we set out a rationale
for the selection of biotechnology, agriculture and Uruguay as the relevant boundaries
for our empirical study of collaborative knowledge integration. Further substantiation
for that rationale is provided in the present chapter. Once the empirical boundaries
were set and before going down to lower levels of aggregation, our initial empirical
work explored the general structure and components of the Uruguayan agri-
biotechnology innovation system, with a particular focus on the organisation and

activity of the public research sub-system.

This chapter is intended to document the results obtained from the preliminary
empirical stage referred to above. While this work involved mostly a desk examination
of previous empirical evidence, we provide supporting observations from our semi-
structured interviews in order to address various exploratory questions such as: (i)
What is the relevance of technology for agricultural development in Uruguay? (ii) What
are the main components of the agri-biotechnology innovation system in Uruguay? (iii)
What are the main areas and local applications of biotechnology R&D? (iv) Where are
biotechnology R&D capabilities located? (v) What are the major patterns of
collaboration and knowledge integration among public research organisations? And,
(vi) which are the main system-level institutions shaping R&D activities and research
collaboration? By focusing particularly on questions i to iv, the content of this chapter
deliberately follows a rather descriptive approach intended to situate the further
exploration of collaborative processes for knowledge integration within the relevant
background conditions. Though questions v and vi are partially addressed in this
chapter, a deeper examination of the dynamics of collaboration and knowledge
integration among public research organisations and its driving forces is provided in

Chapter 5.
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The remainder of this chapter is structured as follows. Section 4.2 presents the
expanded rationale for the definition of the empirical boundaries for our study. Section
4.3 illustrates the main structural components of the agri-biotechnology innovation
system in Uruguay; it is divided into five sub-sections that respectively address: (4.3.1)
the education domain; (4.3.2) the research sub-system; (4.3.3) the private sector;
(4.3.4) science, technology and innovation policies; and (4.3.5) bridging mechanisms
supporting coordination and interaction among actors. Finally, Section 4.4 concludes

with a brief summary and some final remarks.

4.2 The empirical setting: agriculture and biotechnology in Uruguay

This section starts by discussing the importance of the sectoral setting we have defined
and its implications for our empirical research. Agricultural production is still one of
the main economic activities of many developing countries and Uruguay is no
exception to this’2. Therefore, less developed countries rely on the improvement and
development of new agricultural technologies as a source of innovation and economic
welfare. As part of a more general trend in scientific and technological research
(Gibbons et al., 1994), agriculture is facing significant changes in the models of
knowledge generation and an increasing complexity in the technology development

process (Hall, 2006; Hessels et al., 2011).

Agricultural research increasingly demands multidisciplinary approaches to problem
solving, skills in sustainable agriculture production systems, modern biotechnological
techniques, and the availability of up-to-date research tools and equipment. These
factors, together with the increasing prevalence of intellectual property rights on plant
varieties, the protection of specific genetic sequences and biotechnological research
techniques, constitute a highly complex environment characterised by an increasing

division of labour and higher costs of the technology development process. Such an

> To provide some figures, agriculture-related products accounted for 85% of Uruguayan exports (from
July 2013 to June 2014); this figure comprises 55% of the exports accounted for by raw primary
agricultural products while industrialised agriculture products represented 30% of overall national
exports (BCU, 2014).
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increasingly complex context for agricultural technology development creates threats
to the effective performance of agricultural research organisations and firms in the
developing world as a source of new technologies (Sumberg et al., 2012; Janssen &
Braunschweig, 2003; Possas et al., 1994). These organisations are not able to cope with
the research and development processes alone so increasingly they need access to
external sources of knowledge and capabilities, and to integrate these into their
technology development processes in order to effectively keep up-to-date with the

latest technological developments (Heinze & Kuhlmann, 2000; Salles-Filho et al., 2006).

Turning now to the location and technological dimensions, previous research has
shown that the factors shaping collaboration and the exchange and integration of
knowledge between actors in a sectoral system are situation-specific, varying across
countries (Giuliani & Arza, 2008). Furthermore, agricultural technology development
has a location-specific character due to differing agronomic and climatic conditions
across geographic regions and countries (Possas et al., 1994"3). In addition, since the
institutional and cultural set-up affecting innovation significantly differs among
countries (Senker & Van Zwanenberg, 2001), reaching a full understanding of
collaborative research and knowledge integration processes within a single country,
this is already a rather fertile field for social science research. Therefore, the
development of biotechnologies for the agriculture sector will have singular
characteristics depending on the country’s institutional setting and the agronomic and
climatic conditions of the corresponding geographical region, both of which also raise
specific technological problems. These locational specificities of agri-biotechnology
research activities underpin the relevance of empirically studying knowledge
integration processes at the level of a single country. Taking into account the
importance of situation-specific studies, and that the emergence of new technologies
requires the exploitation of distributed sources of knowledge and competences of
disconnected sub-systems (Bergek et al., 2008) — something that is particularly salient

in developing countries (Arocena & Sutz, 2002, p11) —the boundaries of this research

” The authors argue that interactions between soil, climate and living organisms create technological
features that are specific to such location-specific conditions.
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were set around the public research sub-system related to agri-biotechnology R&D in

Uruguay.

We argued in Chapter 3 that Uruguay is an interesting case in which to empirically
apply our conceptual framework. Previous studies have observed poor coordination
and limited collaborative interactions among actors in the Uruguayan agri-
biotechnology system, painting a picture of dispersed and relatively unconnected
actors and rather isolated innovation efforts (Bortagaray, 2007, pp78 and 274). Such a
weak interaction pattern undermines the potential impact of local capabilities on the
innovation performance of the technological system as a whole (Lundvall et al., 2009;
Lundvall et al., 2009b, p18). Despite attributing some of these interaction problems to
institutional barriers, no clear answers were found in this study as to ‘...how and why
are interactions blocked or feared...[and] what mechanisms are preventing researchers
from articulating knowledge areas and cognitive approaches’ (Bortagaray, 2007,
pp357). Aligned with our research questions and conceptual framework, these findings
clearly suggest the need for further examination of key factors that may be affecting
the collaborative integration of complementary knowledge assets within the empirical
boundaries of Uruguay and its emergent agri-biotechnology system. Hence, we now

provide an overview of the importance of biotechnology for Uruguayan agriculture.

In Uruguay, as in other South American counties such as Argentina, Brazil and
Paraguay, biotechnology has underpinned a profound transformation of the
agricultural sector, mainly due to the expansion in the areas cultivated with transgenic
soybeans (Arbeletche & Gutierrez, 2010). As can be seen in Figure 4.1, the adoption of
this transgenic crop resulted in a sharp increase in the area cultivated with soybeans,
starting from a marginal value in the year 2000 to more than 850000 hectares in 2011
(FAOSTAT, 2013). The contribution of soybeans to the gross value of agricultural
production rose from almost zero in the year 2000 to as high as 27 % in 2008
(Arbeletche & Gutierrez, 2010, p114). While this significant economic impact is actually

the result of the local adoption of a single biotechnology developed by a foreign
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company (i.e. transgenic soybeans’”), it demonstrates the huge potential that building
national capabilities may have on the development of locally adapted agri-

biotechnologies and hence for the economic development of the country.

Figure 4.1: Soybean production and cultivated area in Uruguay by year
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For emerging technologies to finally translate into innovations, factors such as the
perceptions of future consumers play a key role in influencing the direction of the
incumbent actors’ expectations and hence the final technological trajectories (Geels &
Raven, 2006). As a pertinent example, consumer beliefs were a key determinant in the
development of agricultural biotechnologies in Europe (Senker & Van Zwanenberg,
2001). Despite having a well-developed knowledge base and scientific capabilities,
negative public perceptions with regard to genetically modified organisms and the
subsequent refusal of food retailers to buy food products with genetically modified

ingredients represented a ‘de facto’ barrier that inhibited private investment and

" The adoption of genetically modified (GM) crops is one of the main indicators of the impact of global
biotechnology developments in Uruguayan agriculture. Among the global list of countries adopting GM
crops, Uruguay ranked ninth in 2007, with 0.4 million hectares, and tenth in 2011 with 1.3 million
hectares (including soybean and corn - see BIOTECSUR 2008a, p32; James, 2011). Argentina, Brazil and
Paraguay also have significant areas of GM crops; they ranked second, third and seventh respectively in
the same global ranking with 19.1; 15.0 and 2.6 million hectares respectively in 2007 (BIOTECSUR 20083,
p32).
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hindered further development of agri-biotechnology innovation capacity in European

countries (Senker & Van Zwanenberg, 2001).

Since in Latin American countries such as Brazil, Argentina and Uruguay, public
opposition to genetically modified crops has been rather weak, as shown above, the
adoption and consumption of these crops did not suffer from the same barriers
observed in Europe (Biotecsur, 2008a). This represents a more favourable context for
public and/or private efforts intended to exploit local scientific and technological
capabilities for biotechnology R&D related to agriculture. Signs of such an enabling
context for agri-biotechnology R&D emerge from our empirical results. Particularly,
from the whole population of biotechnology R&D groups (132) identified within the
public research sub-system, 86% (114 groups) perform research that is related to the
agriculture sector to a greater or lesser extent. Moreover, 21 out of 33 private
organisations identified”> (MIEM, 2011) are also involved in the development and/or
commercialisation of biotechnologies for the agriculture sector. While these are
merely introductory figures, we provide in Section 4.3 below a more systematic

characterisation of the Uruguayan agri-biotechnology innovation system.

4.3 Main structural components of the agri-biotechnology innovation system

While this research mostly examines micro-level processes of inter-organisational
collaboration and knowledge integration within the public research domain, our
conceptual framework captured the relevant background conditions by looking from a
broader system perspective on the whole agri-biotechnology innovation structure.
Moreover, some of the forces shaping collaborative knowledge integration that we are
analysing here can only be captured by taking a system-wide approach. Therefore,
throughout this section we develop a general description of the main components of
the technological system under study. In order to guide the identification of these
components, we drew on a conceptual diagram for the structure of an agricultural

innovation system developed by Spielman and Birner (2008, p6). Their conceptual

" The complete list of private organisations identified is presented in appendix 8.3.
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framework, reproduced in Figure 4.2, identifies key components such as: (i) the
education sub-system; (ii) the research sub-system; (iii) bridging or coordination
institutions; (iv) actors of the agricultural value chain; and (v) formal (policies) and

informal institutions (Spielman & Birner, 2008).

Figure 4.2: Components of a technological innovation system in the agriculture sector
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As was discussed in Chapter 2, the main sources that drive technical change by
agriculture producers are their technology- and service-suppliers (Pavitt, 1984; Possas
et al., 1994). These encompass upstream suppliers of machinery, seeds, agrochemicals
(pesticides and fertilisers), veterinary products, and services such as technical advice
on farming practices (Possas et al., 1994, p13). Due to the varying degrees of
appropriateness of different agricultural technologies, such suppliers include both
private agents (producers of machinery, veterinary products, seeds and plants, and

agrichemicals) and public research organisations — working on the development of

% The authors, in turn, adapted the framework from Arnold and Bell (2001).
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locally adapted plant varieties, animal genetic improvement, biological-control agents,

and improvement of agriculture production practices (Possas et al., 1994).

Since local R&D capabilities related to the supply of agricultural technologies in a
developing country are located mainly in the public domain, as was argued in Chapter
3, this study has paid particular attention to collaborative knowledge integration
processes taking place among public research organisations, including universities,
basic research centres and technological research institutes. There has been extensive
research on how and why private firms develop different sorts of partnerships as well
as on public-private collaboration. Nevertheless, there is limited knowledge on the
processes that support the system’s capacity to link and exploit distributed knowledge
and capabilities available in different local public research organisations (Heinze &

Kuhlmann, 2008).

In other words, our central research concerns are on the structure and dynamics of the
left side of Figure 4.2, along with the influence of institutional forces such as STI
policies, incentives and scientists’ views on collaborative knowledge integration
between actors. However, a general overview of other relevant components of the
system that were considered as part of the relevant background of this research is also
presented throughout this chapter, including the role of input-supplier firms, individual
farmers, farmer associations or cooperatives, and bridging structures supporting
coordination and interaction. To begin with, Section 4.3.1 describes the education
domain, looking particularly at advanced skills development at postgraduate level. The
research sub-system is described in Section 4.3.2 with a particular focus on public
research organisations. Within the private domain, the main activities of firms
providing biotechnology supplies and services for the agriculture sector are portrayed
in Section 4.3.3. We subsequently turn to illustrate, in Section 4.3.4, the most relevant
policies for science, technology and innovation. Finally, Section 4.3.5 focuses on
bridging institutional mechanisms intended to support interaction and coordination

among actors in the system.
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4.3.1 Higher education: advanced skills development

The University of the Republic (hereafter referred to as UdelaR”’) is the single public
university and the most important higher-education organisation in the country.
Around 90% of the Uruguayans with a university-degree graduated from UdelaR
(Bértola et al., 2005). While postgraduate training has a rather short history in
Uruguay, masters or doctoral research programmes related to the biotechnology field
are also mostly provided by UdelaR. It offers fifteen masters and five doctoral
programmes with a potential link to biotechnology (BIOTECSUR, 2008a). Among these,
just one master’s programme is specifically devoted to biotechnology; this programme
started in 2005 and is coordinated by the School of Sciences of UdelaR (BIOTECSUR
2008a).

In addition to the programmes offered by the public University, the Basic Sciences
Development Programme (PEDECIBA) has, since 1986, significantly supported
postgraduate training in Uruguay in many basic-science areas related to biotechnology,
such as cell and molecular biology, chemistry, biochemistry, biophysics, botany,
physiology, ecology, genetics, microbiology, neuroscience and zoology (BIOTECSUR
2008a). After the dictatorial regime that governed Uruguay until 1985, the PEDECIBA
programme played a major role in recovering from the low levels of training in basic
sciences registered in Uruguay at the end of that period. As one of the interviewees

noted,

‘...PEDECIBA was the only option. Either you had to go to foreign universities or

you could do the PEDECIBA postgraduate programme’ (Interviewee A, 2011).

More recently, in 2009 PEDECIBA started a master’s programme in Bioinformatics with
the support of other local organisations, driven by the poor development of
bioinformatics research capabilities in Uruguay (PEDECIBA, 2010). Brainpower in this
field is so limited in Uruguay that, as explained by one interviewee, a bioinformatics

specialist doing research related to the agriculture sector’® that wants to exchange

7 UdelaR is the acronym for Universidad de la Republica, its name in Spanish.
8 Exploiting in this way the cross-field application scope of these ‘research technologies’ as suggested
by Rafols and Meyer (2007, p646).
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knowledge and experiences with other scientists will probably find only a few peers
working on other subjects such as bio-medicine, biology or other areas of application

of bioinformatics (interviewee B, 2010).

On balance, it can be said that there is a reasonably well-developed provision of
postgraduate opportunities that ensures a supply of well-trained researchers to the
system. Nevertheless, brain-drain has been identified from both the review of previous
studies and the interviews as a significant limitation for the development of the
biotechnology system. Emigration of well-trained graduates and postgraduates is
taking place in the Uruguayan biotechnology system as a result of poor or absent job
opportunities for young researchers in both public research organisations and the
private sector (BIOTECSUR, 2008d, p104). This was supported by three researchers
interviewed (interviewee C, 2011; interviewee R, 2011; interviewee S, 2011). As noted

by one university researcher,

‘...many students that are trained here can’t be retained and leave. There are a
lot of people that even don’t come back to the country ... Students learn how to
do research and then they look for places where to continue doing research, and

firms don’t do it’ (interviewee A).

In fact, none of the former students of this group have gone to work in private
companies. It is worth quoting Viotti (2002) here. As he noted, ‘...“human capital”
would not become an effective technological absorber or improver ...without its
effective engagement in productive or in science and technological activities. Though
education is a necessary condition for the effective acquisition and improvement of
technologies, it is not a sufficient one’ (Viotti, 2002, p667). In other words, if private
innovation efforts are not strong enough, they may not provide the necessary demand
for the available trained specialists in a given technological field. Although this is
beyond the scope of our study of knowledge integration within the public research
sector, it illustrates the restrictive conditions surrounding agri-biotechnology research

and innovation in Uruguay.

Notwithstanding the limitations described above, evidence from our interviews

suggests that postgraduate education programmes may influence the dynamics of
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interaction among actors in the system. We particularly observed that the involvement
of postgraduate students in research projects conducted by several public R&D groups
acted as an ad-hoc mechanism for the integration of external knowledge from local or
foreign organisations into the group. Students usually perform short internships in
such external groups in order to learn up-to-date research techniques and/or directly
apply such techniques to the biological materials under study in their postgraduate
R&D project. In this way, as experienced by three interviewees, students can
internalise capabilities and skills externally available into the research activities of the
R&D group (interviewee D, 2010; interviewees E and C, 2011), hence playing a
noteworthy role in enhancing the ability of the R&D group hosting their postgraduate

studies to collaboratively integrate external knowledge assets.

Despite other strategies also being present, our inductive empirical observations
suggest that this bridging role constitutes an important channel for integrating
knowledge and accessing R&D capabilities located outside the research group. Scholars
studying interdisciplinarity have shown that the choice of knowledge integration
strategies by the incumbent actors may differ across scientific or technological fields
(Rafols, 2007). Studying knowledge acquisition strategies in emergent research fields,
Rafols and Meyer suggested that policies supporting scientific research ‘... such as ...
small grants for short term technical exchanges, might play a positive complementary
role for knowledge transfer between disciplines’ (Rafols & Meyer, 2007, p 646). In a
similar fashion but in the context of this study, programmes that support the mobility
of students between laboratories or R&D groups may provide the technical exchange
required for granting the access to, or transfer of research-technologies and skills
between organisations. This role of students suggested by the results of our inductive
fieldwork is more thoroughly addressed in Chapter 5. In addition, the subsequent
analysis of the survey to R&D project coordinators presented in Chapter 6
guantitatively explores whether or not the greater the involvement of students in a
research group, the larger the ability of those groups are to collaboratively integrate
distant sources of knowledge and R&D capabilities. Having briefly portrayed the

education component by focussing particularly on the state of postgraduate training



- 133 -

within the technological system being studied, we turn our attention in the next

section to the main structural attributes of the research sub-system.

4.3.2 The research sub-system: investments in R&D and the role of the public sector

Uruguay has historically had low levels of investment in R&D activities, varying from
0.14 to 0.4 % of GDP during the period 1990 — 2010 and reaching the highest record
(0.4 %) in the last year of this period (RICYT, 2013). Regarding the contribution of the
private sector to R&D investment, comparative figures for OECD and MERCOSUR”’
countries show the significantly lower level of private investment in R&D for the latter
group of countries; while in OECD countries, firms provide an average of 70% of total
R&D investment, in MERCOSUR countries private actors account for less than 40% of
total R&D investment (BIOTECSUR 2008e, p14). For the specific case of Uruguay, a

recent publication suggests that private R&D investment is only 33% of the total

national resources devoted to R&D (DICYT, 2010).

A different picture emerges if we look specifically at spending on agricultural R&D. The
intensity of public spending on agricultural R&D in Uruguay reached a record of 2% in
2006 (expressed as a percentage of agricultural GDP), which is almost double the
figure for 1986 (Stads & Beintema, 2009). This reveals a steep increase in public
agricultural R&D funding in recent years, largely due to the creation of the national
agricultural research institute — INIA (Stads et al., 2008). With regards to private
investment in agricultural R&D, general figures for Latin American countries suggest
that the private contribution represents 4.4% of the total agricultural R&D investment
(Stads & Beintema 2009, p9). There is almost no specific information for Uruguay on
this parameter, but Stads et al. (2010) claim that the private sector contribution to

agricultural R&D in Uruguay is negligible.

Turning now to the biotechnology field, a recent assessment of research and

innovation capabilities available in Uruguay in this technological domain (BIOTECSUR

” MERCOSUR s the acronym for Mercado Comun del Sur, or Southern Common Market established by
Argentina, Brazil, Paraguay, and Uruguay in 1991 (Connolly & Gunter, 1999).
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2008e) has noted that national STI surveys have neither specific indicators of
biotechnology production nor information on the funding of biotechnology research
and development activities. The same study claimed that biotechnology firms’
databases are also poor and provide little more than an outdated inventory of existing
firms (BIOTECSUR 2008e). Given this poor availability of statistical information,
substantial empirical research efforts were required in order to properly explore the
patterns of inter-organisational R&D collaboration and knowledge integration within

the agri-biotechnology system.

As described above, private investment in agricultural R&D is very low, so knowledge
creation relies mostly on the research activities of public organisations. A similar
picture is found for biotechnology R&D; a study of MERCOSUR member-countries
suggests that biotechnology R&D activities are mainly performed by public research
organisations (BIOTECSUR 2008e, p14). The case of Uruguay is illustrated by a recent
study of biotechnology firms based in this country (Pittaluga & Snoeck, 2012%). The
authors have shown that multinational subsidiaries located in Uruguay rely mainly on
their parent company to perform R&D and to keep up-to-date with technological
upgrading. On the other hand, all local companies are highly reliant on collaborative
relations with national public R&D organisations in order to address the pressures to
pursue technological advances and complex R&D activities required to stay

competitive in the market (Pittaluga & Snoeck, 2012).

Given the heavy reliance of local firms on public R&D, a first conclusion is that
characterising the developments of biotechnology based only on private activity
indicators (e.g. patentinggl) would be a highly misleading approach for Uruguay. On
that basis, a previous study has analysed bibliometric indicators for the period 2000-
2007 as a means to characterise R&D activities at the national level (BIOTECSUR 2008a,
2008e). Using a number of keywords related to the field, this study found between 12
(2001, 2002) and 31 (2006) publications indexed each year in the Science Citation

Index (ISI-Web of Science) that were authored by researchers affiliated to Uruguayan

% This study was particularly focused on the animal health industry.
¥ For the period 2000-2007 only five patents were filed at WIPO by Uruguayan nationals (BIOTECSUR,
20083, p111).
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organisations. Moreover, between 55 and 81% of those publications were co-authored
with foreign organisations (BIOTECSUR 2008a, p110). Such low numbers suggest that
these indicators are poorly able to describe biotechnology R&D efforts in the country,
underestimating the actual extent of R&D activities in the country. In fact, those low
numbers are not consistent with the number of R&D groups and research projects
identified and analysed in our study, as was illustrated in Chapter 3. The outcomes of
Uruguayan biotechnology R&D may well be poorly indexed in global bibliographic
databases such as the Science Citation Index, which is a rather common picture for
many developing countries, as has been noted by Wagner et al. (2011). Therefore it
can be concluded that data-sources other than patent and bibliographic databases
should be looked for in order to assess the ability of incumbent organisations to exploit
opportunities for complementary knowledge integration offered by locally-available
biotechnology skills and R&D capabilities. These conclusions underpin the empirical
approach followed in our study, particularly for the identification of R&D activities
which drew on comprehensive information on R&D projects obtained from local

research organisations and public R&D funding agencies or programmes.

Regarding the funding of research activities, a study of public R&D funding sources in
Uruguay has shown that there are no particular public funding mechanisms exclusively
targeted at biotechnology research (BIOTECSUR 2008c). Biotechnology has usually
been included as one within a set of priority areas in publicly funded research grants
(BIOTECSUR 2008c). In fact, biotechnology is one of the three technological areas
prioritised in the national strategic plan for science, technology and innovation
approved in 2010 by the Uruguayan government (DICYT, 2010). This plan guides the
funding allocation priorities of the National Agency for Research and Innovation (ANII)
that since 2007 has become the main source of competitive R&D funds in the country.
Turning to observations during the interviews, despite the lack of specific support
instruments suggested above, most of the biotechnology research groups interviewed
(within the public sector) did not identify major constraints in accessing research
grants. As we illustrate below, scientists’ concerns are not whether they can access

research grants but on the actual amount of public funds spent on biotechnology R&D.
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Despite funding for agricultural R&D having increased in recent years (as mentioned
above), agri-biotechnology researchers from the public-sector claimed that they still
face major deficiencies in terms of infrastructure, equipment and access to trained
human resources. One interviewee expressed their concerns since research grants’
budgets grew at a much slower rate than the salary of junior researchers; hence the
ability to fund non-permanent researchers from project budgets has significantly
decreased (interviewee E, 2011). Therefore, the main funding concern of public
research groups was the sub-optimal level of human resources. In particular,
restrictions in getting sufficient structural funds result, as suggested by two
interviewees, in a weak ability to recruit young researchers or to retain postgraduates
within the group once they are trained on emergent themes and techniques
(interviewees C and E, 2011). Hence, these postgraduates are not becoming
‘...effective technological absorber[s] or improver[s]...” (Viotti, 2002, p667). This may
affect the ability of public research groups to integrate external knowledge, since a
typical character of these groups recognised by most scientists interviewed is their
reliance on the work of students to access up-to-date research techniques or
methodologies. However, one interviewee also recognised that this limitation was
partially compensated for by an increase in the availability of scholarship
programmes®> which have facilitated a continued high level of involvement of students

in research teams (interviewee E, 2011).

From a broader perspective, R&D groups were also concerned about the small size of
the overall community of researchers based around agriculture-related biotechnology
in Uruguay, which, as claimed by one interviewee, was seen as a key limitation for a
rich exchange of ideas and knowledge generation in this technological field
(interviewee E, 2011). Notwithstanding these human-capital limitations, two public-
sector researchers acknowledged they are usually able to access diverse funding
sources such as internal funds, competitive grants or in a few cases through
collaborative arrangements with private actors in order to cover other costs of their

research activities (interviewees C and E, 2011).

8 At the time this study was conducted PEDECIBA, ANII, CSIC and INIA were all offering postgraduate
research scholarships.
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Up to this point in this section, we have discussed the Uruguayan patterns of
investment in agriculture and biotechnology research, the availability and access to
funding sources such as research grants, and the funding limitations faced by public
R&D groups to retain young researchers in the team. We have also presented evidence
of the salient role of public research organisations in the agri-biotechnology field.
Therefore, we now turn to explore in more detail the configuration of public-sector
research organisations which account for most biotechnology R&D capabilities in

Uruguay.

Previous studies in Uruguay (Pittaluga & Viogorito, 2005; INIA, 2001) have undertaken
a rather broad identification of the actors involved in the local biotechnology sector.
Pittaluga & Viogorito (2005) used previous publications, expert advice and a snowball
technique to identify the main actors, since there was no comprehensive source where
they could look at the whole population of agents. These authors identified 71 public
laboratories or groups and 32 firms®® involved in biotechnology research and/or
commercialisation (Pittaluga & Viogorito, 2005, p275). Since that study is rather
outdated, a supplementary effort was required for the identification of incumbent
actors on the basis of the database of R&D projects built for the purpose of this
research as well as on information obtained from the survey questionnaire delivered

to project coordinators.

Biotechnology research capabilities in Uruguay are mainly located in the University of
the Republic (UdelaR), which, as previously noted, is the most important higher-
education and scientific research organisation in the country. UdelaR accounts for
around 90% of the graduates (Bértola et al., 2005) and for more than 60% of the
national research capability in the public domain (BIOTECSUR, 2008a, p119). UdelaR
research groups involved in biotechnology research belong to the following schools of
this university: (i) Agronomy; (ii) Natural Sciences; (iii) Engineering; (iv) Veterinary; (v)

Chemistry; and (vi) the Medicine School (BIOTECSUR, 2008a).

® These 32 firms offer biotechnology products to the market but do not include 11 other firms classified
as specialised goods and service providers such as equipment suppliers (Pittaluga & Viogorito, 2005).
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All these schools are, to differing degrees, involved in agri-biotechnology research and
development activities. Table 3.5 (Chapter 3, Section 3.4.3) showed the affiliation of
the R&D groups identified through our fieldwork, revealing that 89 out of the 132
research groups identified belong to the schools of UdelaR mentioned above. The
largest number of biotechnology R&D groups is to be found in the School of Natural
Sciences, these groups being mostly focused on basic research (Bortagaray, 2007,
p252). Besides the schools of UdelaR, other relevant biotechnology R&D centres or
institutes include the National Agricultural Research Institute (INIA), the Institute of
Biological Research Clemente Estable (IIBCE), the Hygiene Institute, the Technological
Laboratory of Uruguay (LATU) and the Pasteur Institute-Montevideo (BIOTECSUR
2008d).The National Agricultural Research Institute (INIA) represents, perhaps, the
main structural innovation in the agricultural research system of Uruguay in the last 25
years. Its foundation in 1989 was aimed at increasing the intensity of agricultural R&D
investment as well as the participation of the private sector in R&D funding and
decision-making (Allegri, 2010). INIA is a public-private organisation, co-funded
(through a levy funding mechanism) and jointly governed by the public®* and private®
sectors, providing funding and administrative flexibility to national efforts on research
and technology development for the agriculture sector (Allegri, 2002). Representatives
of farmers are engaged at the top of INIA’s organisational structure (the board of
directors), as well as in regional advisory committees and work-groups which act as
permanent spaces for channelling producers’ demands into INIA and at the same time
for monitoring the ongoing progress in research activities (Allegri, 2010). As part of the
responsibilities of INIA established by law, all research activities performed by the
institute should pursue the development of technological solutions for the agricultural
sector in response to farmers’ demands that manifest in the different participation
levels described above. This mechanism for defining the orientation of research in INIA
constitutes a key difference from scientific institutions such as academic freedom
rights, which play a central role in guiding the research activity undertaken by the

University of the Republic (Diario Oficial, 1958).

¥ The Ministry of Agriculture and Fisheries (MGAP).
® The four main farmers associations in Uruguay.
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A long-standing technological trajectory of INIA has been the development and
provision of genetically improved plant varieties. A number of plant-breeding
programmes are in charge of developing varieties of cereal and oilseed crops, forest
trees, fruit trees, vegetables, and pasture plants (Allegri, 2010). In this context, in 1991
INIA created a Biotechnology Unit intended to establish research and technological
capabilities (human-skills, infrastructure, etc.) for the development and application of
biotechnological tools and techniques on INIA’s plant-breeding programmes (and
other R&D activities such as pest and disease control) in order to enhance their
efficiency and effectiveness (Francis & Bonnecarrere, 2000). Since 2005, this unit has
also begun R&D activities intended to develop and apply biotechnology capabilities to
national cattle and sheep breeding programmes as well as to animal health research
projects (interviewee D, 2010). The biotechnology unit has a transversal role within
INIA, since its research and support activities cut across a number of national research
programmes (organised around specific value-chains) and five experimental stations of

the institute are located in different regions of the country (Bortagaray, 2007, p254).

It is beyond the scope of this study to provide a detailed description of each incumbent
organisation identified in Table 3.5. Besides UdelaR and INIA, the Institute of Biological
Research, Clemente Estable (IIBCE) occupies a prominent position in biological
sciences. In relation to the agri-biotechnology field, IIBCE undertakes studies of plant
growth promoters and the biological control of plant diseases as well as biochemistry
and molecular biology research applied to plant genetics, microbiology and animal
reproduction (BIOTECSUR, 2008a).The activity of the Pasteur Institute of Montevideo
(IPM) is focused on biomedical research (BIOTECSUR, 2008a) but performs some
biotechnological research on animal health (Interviewee F, 2011) and provides access
to its research facilities and analytical services to scientists from other organisations
and research fields such as plant biochemistry (interviewee E, 2011) or plant molecular
biology (interviewee G, 2011). Finally, the laboratories of the Ministry of Husbandry,
Agriculture and Fisheries (MGAP) perform studies on soil microbiology, quality control
of plant growth promoters (inoculants), plant-disease diagnostics, animal health and

animal disease diagnostics (BIOTECSUR, 2008a; Bortagaray, 2007).
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As shown in Table 3.5, while research capabilities in the public domain are
concentrated in a few organisations, they are distributed among a large number of
R&D groups. Therefore it becomes of particular relevance to understand how these
public R&D groups interact and integrate complementary knowledge assets through
collaborative research. Previous studies have observed that public-sector researchers
in Uruguay work in small units or labs within larger organisational structures (divisions,
departments or schools) and tend to focus on very specific topics that in most cases do
not follow a common goal defined at higher organisational levels (Bortagaray, 2007).
This way, in which the research is conducted, results in a high dispersion of resources
and research efforts in locational and thematic terms, hindering potential synergies
and the aggregation of capabilities across units and disciplinary boundaries

(Bortagaray, 2007, p274-51).

Throughout this section we have explored the key features of the research sub-system
within the boundaries of agri-biotechnology innovation in Uruguay. We reviewed some
figures for the investment on agriculture and biotechnology R&D, and showed
evidence of the role played by the public sector as the main performer of agri-
biotechnology research. Therefore, the structure of public research organisations
involved in agri-biotechnology R&D was subsequently reviewed. In Section 4.3.3
below, we provide an overview of the private domain. In particular, we portray the
main activities of firms providing biotechnology supplies and services for the

agriculture sector.

4.3.3 Biotechnology firms: agriculture supplies and service providers

This section is intended to provide an overview of the local market for biotechnology
products or services used in primary agriculture production. The main type of private
actors supplying these products and services are also introduced. Since the aim of our
research is exploring collaborative knowledge integration among public research
actors, this section is developed mainly for descriptive purposes. Nevertheless, we also

look briefly at how private actors are able to access capabilities and knowledge of
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public research organisations and mobilise them to address the firm’s production

problems.

There is no systematic registry of biotechnology firms in Uruguay. One particular study
in 2005 identified 32 biotechnology firms based in Uruguay (Pittaluga & Vigorito, 2005,
p275). Moreover, a more recent study suggests that only 4% of the biotechnology
researchers in Uruguay work for private organisations86 (ANII, 2010). In order to
update the inventory of firms, we relied on data provided by the Ministry of Industry,
Energy and Mining of Uruguay, which identified 33 private, for-profit organisations
(MIEM, 2011), 21 of them involved in the development and/or commercialisation of
biotechnologies for the agriculture sector (see appendix 8.3). Hence, as observed by
others (BIOTECSUR, 2008a), the bulk of firms within the Uruguayan biotechnology
system are related to the agriculture and food industry, particularly to plant
biotechnology, animal health, diagnostic services, microbiological products and
processes, and the genetic improvement of animal breeds. A more detailed description
of the types of biotechnology applications and products produced and/or traded by

these firms is provided in Table 4.1 below.

% This reinforces our empirical strategy of focusing on the exploration of collaborative knowledge
integration efforts within the public research sector.
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Table 4.1: Biotechnology applications produced and/or commercialised by private

actors

Area Product categories

Microbial inoculants (plant growth promoters or biofertilisers)

Plant biotechnologies In-vitro plant propagation

Genetically modified crops (adoption of foreign productsg7)

Animal vaccines

Animal production - - —
Animal reproduction and genetic improvement

Environmental Micro organisms for the control and processing of wastewater
biotechnologies and bio- Biogas production from raw or waste materials

processes Bio-fertilisers

Biotechnology service firms Diagnostic and other biotech services

Source: elaborated by the author based on BIOTECSUR (2008a)

A study of the biotechnology innovation system in Uruguay (Pittaluga & Vigorito, 2005)
has shown that Uruguayan firms, either producers or adopters of biotechnology
products, establish more collaborative relations with public research organisations
compared with other sectors such as the software and pharmaceuticals industries. In
other words, firms in the Uruguayan biotechnology innovation system — which is still
an emerging system — place considerable emphasis on accessing knowledge and
capabilities from public research organisations (Pittaluga & Vigorito, 2005). However,
despite public and private actors interacting frequently, it has been claimed that these
interactions are essentially isolated efforts intended to solve rather specific problems;
in other words, these actors ‘...do not engage in sustained synergistic linkages’
oriented to addressing long-term goals (Bortagaray, 2007, p317). Moreover, the
willingness of private actors from the primary industry to invest in R&D was perceived
to be very low by public research groups interviewed. One public-sector researcher
claimed that firms are usually averse to the long-term R&D commitments required by
biotechnology research (interviewee C, 2011). It was also noted by three interviewees

that Uruguayan private organisations have a weak ability to coordinate and articulate

¥ Since all genetically modified crops used in Uruguay have been developed by foreign companies
(MGAP, 2012) we are interested in studying collaborative knowledge integration for local research and
technological development, the set of agri-biotechnology firms identified here (21) does not include
those commercialising GM plant varieties.
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demands for biotechnology research (interviewee C, 2011; interviewee S, 2011),
suggesting that they may not be able to envisage technological opportunities opened
by potential R&D collaborations with public research organisations (interviewee X,

2011).

Such poor coordination and articulation of research demands among private actors
was corroborated by a recent study of agri-biotechnology innovation in Uruguay that
analysed the role of the Uruguayan Association of Biotechnology Firms, AUDEBIO
(Pittaluga & Snoeck, 2012). This study found that there was a complete lack of
collective actions among different members of AUDEBIO involved in the animal vaccine
sector, given their inability to identify common interests and the very weak role played
by AUDEBIO. This was corroborated in three interviews during this study (interviewee
H, 2011; interviewee W, 2011; interviewee Y, 2011). The authors cited before showed
that, as institutional mechanisms for the governance of biotechnology innovation in
the private arena, both AUDEBIO and a Life Science Cluster sponsored by the
government since 2006 were not particularly effective in overcoming coordination
failures relating to the resolution of common problems in the sector (Pittaluga &
Snoeck, 2012). Similarly, a study of European — agri-food related — biotechnology
innovation systems has shown not absent but weak horizontal collaboration of firms
with other private actors, while firms’ collaboration with public sector organisations

was found to be an almost ubiquitous attribute (Senker & van Zwanenberg, 2001).

From the point of view of public research groups, despite the fact that some may have
a well-developed density of links with private actors, only a few groups consider
knowledge exchange with firms as important. Conversely, most of them do see
interactions with other public actors as a highly valuable source of external knowledge
and capabilities (Pittaluga & Vigorito, 2005, pp279-80). This was corroborated in the
present study; two public — mainly academic — groups claimed that they do not
perform an active search for private agents with whom to collaborate unless they face
a pressing need to access external funds (interviewee C, 2011; interviewee E, 2011).
Instead, these public groups passively receive demands from private actors that may
eventually approach them. In fact, difficulties in approaching private actors as well as

in clearly identifying their demands for biotechnological research were acknowledged
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by one of the public groups interviewed (interviewee E, 2011). We argue that this
passive attitude from the public research side may be underpinned by informal
academic institutions and the formal researchers’ assessment system which are

examined in Section 4.3.4.

As a balancing force, the weak ability of some academic groups to interact with private
agents that we described above was in one reported case resolved by collaborating
with public applied-research organisations that have closer ties with private actors and
their demands — primary industry (interviewee E, 2011). Therefore, as we discuss in
more detail in Chapter 5 (Section 5.2), these public applied-research organisations may
act as intermediaries between private actors and academic groups. In these cases,
despite the fact that a direct link between the academic group and the private actor
may be absent, local knowledge capabilities in the academic group are, to some
extent, mobilised towards private innovation demands, through the intermediating

and steering role of the applied research group.

The rather poor ability of private actors to articulate their actual demands for
biotechnology research that we noted above, and the passive attitude recognised by
some public research groups towards identifying the needs of private actors hinder the
development of an inter-actor interface and thus the establishment of collaborative
interactions between academics and the — primary — production sector. Hence,
interaction failures are often observed within the agri-biotechnology innovation
system and as a result, poor guidance and feedback is provided by the industry on the
research efforts carried out by public organisations. Interaction or network failures

‘{

have been defined as situations when ‘...possibilities for interactive learning and
innovation are under-utilised and firms may fail to adapt to new technological
developments’ (Woolthuis et al., 2005, p614). The observed network failures emerge
in spite of the existence of commodity technological boards that were explicitly
created as system-level governance structures®® intended to promote the interaction

between the agriculture industry and public research organisations. Such interaction

failures were observed during two interviews as a significant limitation on the

% These coordination mechanisms are analysed in more detail Section 4.3.5.
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consolidation of clear technological trajectories and hence as a barrier to the
development of the agricultural-biotechnology innovation system as a whole

(interviewee D, 2010; interviewee E, 2011).

The generally weak articulation of demands for research by private actors and their
limited ability to identify technological opportunities are not homogeneous attributes
for all private organisations. Firms with a well-established group of skilled workers and
sound technological resource endowments have a higher absorptive capacity
(Rothwell & Dodgson, 1991; Veugelers, 1997; Giuliani & Arza, 2009). Therefore, they
are able to perform a better identification of local knowledge capabilities available in
public actors and exploit them in their innovation processes, through the
establishment of collaborative arrangements. This was actually the case in a number of
examples identified during four interviews where public research groups became
involved in collaborative arrangements with big companies, particularly local or
regional subsidiaries (in MERCOSUR countries) of multinational companies
(interviewee I, 2010), as well as some large local firms — e.g. the animal vaccines sector
or among big forest tree producers (interviewee J, 2011; interviewee C, 2011). In these
cases, the specific demands and funding provided by the private actors resulted in a
change in the research trajectories of academic research groups towards problems of
production. Moreover the change in the research orientation of public research groups
extended beyond the end of the private funding support to research activities
conducted by the public R&D groups (interviewee |, 2010; interviewee E, 2011;

interviewee C, 2011).

To sum up, in this section, we have reviewed the private domain of the agri-
biotechnology system. We looked at the set of firms that commercialise agri-
biotechnology products in Uruguay and the type of biotech products they make
available in the market, either developed through their own R&D processes or
produced by foreign organisations. We noted that more than 60% of the whole set of
biotechnology firms located in Uruguay (MIEM, 2011) produce and/or commercialise
products for the agriculture sector, which lends support to the definition of
technological and sectoral boundaries for our empirical study around the intersection

of biotechnology and agriculture. In addition, we reviewed the patterns of interaction
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of private actors both with other firms and with public research organisations. We
argued that while articulation of research demands, coordination and collaboration
among private actors is weak, their innovation efforts rely to a large extent on the
collaborative access to skills and R&D capabilities of public research organisations.
This, along with our argument in the previous section, suggests in figurative terms, that
the R&D lab of private producers and users of agri-biotechnologies in Uruguay is mostly
located outside the firm, namely within public research organisations. It follows that
since public R&D capabilities are distributed across many actors, a more effective
integration of complementary knowledge assets through collaborative efforts among
public research organisations will probably result (as assumed in this research) in
improved performance of the technological innovation system as a whole. Finally, we
argued that informal and formal academic institutions may influence the motivation of
public research groups to interact and integrate capabilities with other actors.
Therefore, in section 4.3.4 below, we turn to illustrate another component of the
technological system under study, namely the relevant institutions. Although informal
academic institutions are also addressed, we particularly focus on the formal
institutional background defined by science, technology and innovation policies

pertinent for the boundaries and purpose of our study.

4.3.4 Science, technology and innovation policies

In the following paragraphs we provide an overview of relevant policies operating
within Uruguay in support of industrial and agricultural innovation such as intellectual
property regulations, incentives for private investments, regulations for the
introduction and use of genetically modified organisms, and tax exemptions for
biotechnology R&D. We also address key formal institutions shaping scientific research
and technological development such as R&D funding bodies and formal incentives for
the scientific community. Finally, some informal academic institutions are also

discussed.

Looking first at industrial innovation policies, a significant increase in tax exemptions

for firms that invest in innovation activities and training of their staff was included in a
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new tax system established by law 16.906 in 2007 (BIOTECSUR 2008c). Regarding
intellectual property, the national law 17.164 (enacted in 1999) regulates the
protection of inventions within Uruguay following the general lines of the TRIPS®®
Agreement among members of the World Trade Organisation — WTO (ANII, 2010).
Despite the regulations in force, Uruguay has a rather poor record of patenting, and
biotechnology is no exception to this general patterngo. A study of MERCOSUR
member-countries showed not only that patenting is very low in this region, but also
that around 70% of the biotechnology patents are granted to non-resident applicants
(BIOTECSUR 2008e, p14). Therefore, that study concluded that patenting is a poor
indicator for characterising biotechnology R&D activities in this type of developing

country (BIOTECSUR 2008e).

Such limited attention to patenting is reflected in the fact that most of the university
research groups interviewed do not envisage any relevant influence of IPR
regulations® on the development of collaborative research. In addition, these groups
recognise the relative lack of organisational capabilities for embedding IPR issues in
R&D projects; limitations in terms of managing and funding the required procedures to
apply for a patent are also highlighted. In fact, most of the few biotechnology patents
registered in the Uruguayan Office for Industrial Property Rights (DNPI) have been
registered by foreign organisations (Pittaluga & Snoeck, 2012). This is consistent with
previous studies, which found that in academic as well as in industry spheres, there is
very poor knowledge of intellectual property regulations and procedures, a failing
partly attributed to the limited availability of advice and to an inability to cover the

costs of the patenting process (BIOTECSUR 2008d, p104).

As an applied research organisation, INIA has a longer tradition in protecting its core
technological products, namely (non-GM) plant varieties. Plant variety technologies
have a separate (‘sui generis’) property right system, agreed by WTO member-

countries within the terms of the TRIPS Agreement (Tripp et al., 2007, p355). But when

¥ wTto Agreement on Trade Related Aspects of Intellectual Property Rights (TRIPS).

% Between 2000 and 2007, only four biotechnology patents were granted by the local patent office,
three of them to non-residents (BIOTECSUR, 2008a, p111).

1 An exception to this is the School of Chemistry, UdelaR, which has a more established history of
collaborative relations with industry and of the protection of research outcomes (Bortagaray, 2007).
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the protection of other type of technologies is considered, the situation of INIA does
not differ from that of other public research organisations in Uruguay, since it also has

weak capabilities on intellectual property protection of its technologies.

Other relevant policies supporting biotechnology research and innovation are
described in Table 4.2 below. With regards to regulations in the development and local
use of plant biotechnologies, in 2000, the Uruguayan government approved a
regulatory framework that established procedures for risk assessment and the
approval of genetically modified crops. A moratorium on the approval of new GM
events was then declared by the Government in January 2007, which lasted until July
2008 when a new framework was approved; the new regulatory framework set up an
inter-ministerial National Bio-safety Committee and its technical advisory arm, the
National Commission for Risk Management (Diario Oficial, 2008). Until the
moratorium in 2007, there were three GM varieties approved for commercial use®
(BIOTECSUR 2008a). After the new regulatory framework was set up, another five
events were approved for commercial use” (MGAP, 2012). As suggested by one
interviewee, regulations on genetically modified crops do not result in significant
restrictions on the genetic transformation of plants for public research purposes at a
laboratory-level. Additionally, the approval procedure for research-purposes is more
flexible when applying for the use of transformed model plants such as Arabidopsis or
Physcomitrella, while for the field experimentation with transformed commercial crops

the bio-safety conditions required are more severe (interviewee E, 2011).

%2 Corn events MON810 and Bt11 (approved in 2003 and 2004 respectively), and soybean event GTS 40-
3-2 (authorised in 1996) (BIOTECSUR 2008a, p115).

» Besides those for commercial use, other events were approved for restricted use: 5 for seed
production with export destination, 6 for research purposes, and 11 for cultivated field trials (MGAP,
2012).
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Table 4.2: Policies supporting biotechnology R&D and innovation in Uruguay

Legal instrument Goal
National law number 16.462 - | Declares biotechnology as a sector of national interest,
article number 61 (year 1992) particularly ‘...the production, development and research on
different areas related to biotechnology’.
National law number 16.906 - | Establishes the framework for the promotion and protection of
article number 455 (year 2007) private investments in general.

National strategic plan on | The PENCTI defines in general terms the national strategy for the
science, technology and | development of scientific and innovation capacity in the country.
innovation - PENCTI (approved in | The plan defines biotechnology as one of its strategic priority
2010) areas.

National law number 17.164 Patent law for inventions, utility models and industrial designs.
(1999)
National law number 16.811 Regulation of intellectual property of plant Vvarieties.

Administration and control delegated in the National Seeds
Institute (INASE).

National decree 353/008 Regulatory framework and procedures for risk assessment and
(approved in July, 2008) approval of genetically modified crops.

Sources: elaborated by the author based on ANII (2010) and Diario Oficial (2008)

The focus of the present study is on the exploitation of local advanced knowledge
capabilities for agri-biotechnology development and innovation. Nevertheless, all
transgenic varieties approved up to now in Uruguay have been entirely developed by
foreign organisations, without any involvement by local R&D capabilities. Therefore,
the local adoption of GM crops is considered as part of the relevant context of the
technological innovation system under study, but it does not play a significant role in
the realisation of potential complementarities between local organisations for agri-

biotechnology R&D.

Despite the well-developed regulations on the use of genetically modified crops
described above, some limitations on innovation in other biotechnologies have arisen
due to the lack of proper regulations for the introduction to the market of locally
developed biotechnological products. In some cases, as reported by four interviewees,
such weak or non-existent regulatory frameworks have resulted in new
biotechnological products developed by local firms being unable to obtain registration
and approval for commercialisation in the local market, while imported products have
an easier introduction due to the acknowledgment of foreign procedures (interviewee

H, 2011; interviewee U, 2011; interviewee V, 2011; interviewee W, 2011). These
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institutional barriers may well undermine the expectations and innovative efforts of
local biotechnology firms (Geels & Raven, 2006; Bergek et al., 2008). A lack of local
regulations ends up favouring foreign technological developments to enter the market,
while it hinders local technologies from doing so. On balance, the regulatory system
performs well by adopting external biotechnologies but from the perspective of
promoting endogenous innovation, it somehow deters the exploitation of R&D
capabilities in local technological developments, thereby hindering the development of
local innovation capacity in the field. Therefore, such a weak regulatory framework

constitutes a system-level barrier to innovation.

Looking from a broader perspective, previous studies have claimed that science,
technology and innovation policies have not been a priority on the agenda of the
Uruguayan government for a long time and that ‘[t]he policy has been the lack of
one’®* (Bortagaray, 2007, p301). Nevertheless, some changes have slowly begun to
take place during the last decade, mainly after the creation, in 2007, of the National
Agency for Research and Innovation (ANII) (DICyT, 2010). Since 2005, the government
has developed a new national policy of Science and Technology; the creation of bo