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INTRODUCTION
Knowledge and innovation are increasingly regarded as the new motor of economic wellbeing by trading nations who 
strive to provide their populations with opportunities for employment, profit, increase in living standards and social 
welfare  while  enhancing their  competitiveness vis-a-vis  the other players of  a globalized world.  This global  race 
towards economic development and international competitiveness has led to the emergence of a new paradigm, the 
“learning  economy”  (Lundvall).  Knowledge  is  a  key  to  economic  welfare  and  as  it  becomes  obsolete  faster 
competitiveness rests on the ability of individuals, firms and governments to learn and adapt to rapid changes in the 
global socio-economic environment. 

With a greater need to innovate more and faster access to the latest and best knowledge for firms, individuals and 
governments becomes crucial for survival and growth. But beyond collaboration between a diversity of sectors and 
actors the learning economy calls for cooperation in the development of complementary types of knowledge. As a 
result, interdependencies arise between different actors and organizations within societies. Scholars have attempted to 
map these actors and interdependencies into models yielding the coexistence of three dominant models in innovation 
literature – National Innovation Systems, Triple Helix and Mode 2. Albeit to varying degrees, the three models assign a 
preponderant role to universities and industry and to the interactions between them as knowledge creators in innovation 
processes. 

ABSTRACT
In the first part of this paper we explain why university-industry relationships (UIRs) are considered so important for 
innovation in the new context of the learning economy. We then review the main theoretical frameworks in innovation 
literature and describe the motivations and organizing principles behind university-industry relationships.

In the second part of the paper we focus in on the role of UIRs in emerging countries where recent and rapid economic 
development amid challenges presented by the socio-economic environment provides an interesting starting point to 
examine what has led to the initiation of UIRs and whether UIRs acted as a tool for economic development. Indeed, the 
shared understanding of university-industry relationships as a dynamic process begs the question of how this dynamic 
is set in motion and by which actor. While all four of the so-called emerging economies of Brazil, Russia, India and 
China provide interesting opportunities for analysis, the scope of this paper did not allow the authors to analyze them 
all. We therefore explore how UIRs have developed in India and Brazil as these economies initiated on a path of rapid 
economic growth in an attempt to shed light on the dynamics present at the initial stage of UIR development. The 
challenges emanating from the socio-economic environment of emerging economies combined to the demands of a 
globalizing economy can impact the motivations, structure and performance of universities, industry and government. 
We then turn to an analysis of UIR development in Brazil and India who of universities, industry or government has 
led to the initiation of university-industry relationships on the one hand and whether these relationships were the result 
of a spontaneous demand linked to the needs of the market or were strategically managed by government on the other.
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UNDERSTANDING THE IMPORTANCE OF UIRS IN THE LEARNING 
ECONOMY: MOTIVATIONS AND THEORETICAL PERSPECTIVE

Why UIRs are central in the globalizing learning economy 

A paradigm shift toward the globalizing learning economy
The important changes that have taken place in world economic dynamics since the 1970s spurred by increased global 
competition  and  diffusion  of  information  and  communication  technologies  have  resulted  in  the  emergence  of 
knowledge  as  a  central  factor  in  economic  and  social  development.  While  many  observers  have  hailed  these 
transformations as heralding the emergence of the “knowledge economy”, others have gone further in referring to the 
“globalizing learning economy” (Lundvall). The concept of globalizing learning economy is based on the notion that 
an acceleration of knowledge creation and destruction means that knowledge is in and by itself insufficient to ensure 
economic  competitiveness and that  learning,  rather,  is  the key determinant  for  the success  of  actors  at  all  levels 
(individuals,  firms  and  national  economies).  According  to  Lundvall  and  Nielsen,  the  learning  economy  “is 
characterized by the fact that the economic success of individuals, firms and regions reflect their capability to learn.” 
(1998)

Nonetheless, becoming “globalizing learning economies” remains an unfinished process for most national economies. 
The process indeed happens differently depending on the globalization and technology intensiveness of each economic 
sector. However, all evidence shows that we are facing an inevitable ‘paradigm shift’ (Kuhn) that will sooner or later 
concern  most  sectors  and  economic  agents,  since  different  sources  of  change  acceleration  in  economies  tend  to 
generalize this process:

“Product life cycles tend to become shorter and job functions of individual workers tend to be redefined more often than before. 
Behind  these  changes  we  find  new  developments  in  technology  especially  more  intensive  and  extensive  use  of  information 
technology, changes in world trade where new competitors from the Asian regions enter as major new players an new trends in final 
demand, where markets become less stable and more demanding in terms of speed, custom design and quality. Yet other reinforcing 
factors are new forms of governance promoting short term profits and the deregulation of markets increasing the transformation 
pressure on formerly protected sectors and industries.” (Lundvall and Nielsen, 1998)

Consequently,  actors  at  all  levels  have  to  show  adaptation  capabilities  to  the  fast-moving  environment  or  will 
increasingly have to in the future. As a result of the acceleration of change and of higher competition, firms have to 
develop innovative products faster, that is to say to reduce “time-to-market” of innovation. Additionally, individuals 
are required to be reactive to change and able to acquire new competences regularly, in other words, be able to ‘learn-
to-learn’.

The globalizing learning economy also requires that a society enhance its learning capabilities as a whole. Not only 
linking science and technology to innovation (referred below as STI), but also experience-based learning (referred 
below as DUI), which is absolutely necessary to bring to the market organizational learning. As Nelson points out 
(2004):

“Much of engineering design practice involves solutions to problems that professional engineers have learned ‘work’ without any 
particularly sophisticated understanding of why.”

Actors would not be able to cope with these new requirements it they were isolated. Rather, since they are facing more 
intense competition firms need to ensure that they take advantage of all the innovative capabilities available around 
them. Developing learning capabilities at all levels of society requires cooperation among actors. The result is that 
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strong new incentives are  in place for innovation producers to develop active cooperation.  Since universities  and 
industry are arguably central innovation producers, university-industry relationships (UIRs) are a crucial locus of such 
cooperation.

University-Industry Relationships in the Learning Economy
The paradigm shift toward the learning economy has meant that relationships between universities and industry have 
acquired greater relevance. Attempting to understand these new relationships means that it is useful to examine what 
new motivations for the development of UIRs are created by the shift toward a globalizing learning economy. 

For firms, cooperation through UIRs is a substitute to self-production in order to innovate faster
Facing the need to innovate faster and to minimize time-to-market for products in the globalizing learning economy, 
many  firms  have  implemented  organizational  changes  in  an  effort  to  improve  the  efficiency  of  production  and 
knowledge circulation. Flatter organizational structures, more decentralized processes and transversal project structures 
have increasingly become features within firms. Another important complementary response to the need for faster 
innovation is the development of collaboration with other actors in innovation making: clients (to better stick to the end 
needs),  suppliers  (to  develop  innovation  in  production  processes),  and  other  knowledge  suppliers  (to  develop 
technologies  or  knowledge-based  techniques  faster  and cheaper).  Concerning the  latter,  Lundvall  summarizes  the 
incentives of the firms: 

“In many instances,  relational  contracting and networking enhance functional  flexibility  since it  gives access  to complementary 
external competence that it would take too long to build in-house” (Lundvall, Knowledge management in the learning economy). 

As a  consequence,  especially  in  the  most  high-tech  sectors,  firms  establish  more  and  more  mixed project-based 
structures with universities and public laboratories and use  networks for knowledge production. This is particularly 
efficient  in  a  highly  changing  environment  where  radical  innovation  is  required.  According  to  literature  on 
organizational innovation, this even explains why the project-based organization of firms in Silicon Valley (called 
“Adhocracy”) is successful – in this case in electronic components – compared to Japanese firms (“J-Form” according 
to Aoki), more adapted to sectors where more incremental innovation is required.

For a society, UIRs are necessary to ensure the development of long-run learning capabilities
As we said previously, moving toward a learning economy also increases the need for joint development of different 
knowledges in order for a society to ensure long-run capabilities to innovate. This means not only to produce scientific 
knowledge (STI, mainly codified and composed of ‘know-why’ and ‘know-what’) but also experienced-based (DUI, 
more tacit and composed of ‘know-how’ and ‘know-who’). For both production of STI and DUI, cooperation among 
actors  and  particularly  UIRs are  essential.  In  fact,  a  key  element  to  ensure  the  efficiency  of  an  economy is  the 
integration of the firms needs (demand side) in teaching and research through UIRs. Concretely, ‘know-why’ (theories 
in fluid mechanic for instance) taught in universities needs to be linked to the ‘know-how’ (techniques applied in 
aerodynamics) available in the firms. Universities also have to prepare students for ‘know-how’ acquisition in the 
firms, for example through problem-based teaching. As a consequence, universities need to keep in sync with the 
evolution of the needs of firms, for instance through the hiring of managers in private sectors for applied courses. As 
far as research is concerned, if it is important that university remains independent in fundamental research on the one 
hand,  a  more efficient  resource  allocation at  the level  of  the  economy can be achieved if  they are  aware of  the 
applications that firms have for this knowledge. Such a good integration of the demand from firms can have a strong 
impact on the competitiveness of a country or region (see for example the successful collaboration of Silicon Valley 
and Stanford University, especially in electronic components).

5



Moreover, close contact between universities and industries is required to ensure the learning capabilities of individuals 
through ‘know-who’. People are the main link between universities and industry and UIRs thus happen every day, 
albeit indirectly through employees who are often former students and sometimes former researchers. The stronger this 
tacit or indirect link will be, the more able employees in firms will be to mobilize broader networks (‘know-who’) in 
order  to  develop  innovative  solutions  for  their  firm.  Because  ‘know-why’  becomes  more  fragile  in  the  learning 
economy (consider for example the striking example of the one year half life of knowledge in computer science, this 
possibility to mobilize the appropriate persons when needed becomes even more crucial. Concretely, this means that 
networks of former students or the regular organization of events by universities for their  former students are an 
important aspect of UIRs for the development of long-run innovation capabilities of a society.

Understanding and finding new ways to develop UIRs becomes even more crucial in the emerging learning economy 
than  it  was  before.  UIRs  are  central  to  developing  fast  innovating  structures  and  an  economy  needs  a  close 
collaboration between universities and industries to develop knowledge and to learn.

How universities and firm forge relationships in globalizing learning economies

General organizing principles according to innovation theories
Theoretical notions and frameworks developed since the 1980’s to analyze innovation bring a lot of insights to our 
understanding of how UIRs happen and evolve in globalizing learning economies. For our purpose, these frameworks 
are not opposed but complementary, because each of them highlights different aspects of UIRs. We therefore rapidly 
present the three main frameworks used in innovation literature, followed by the insights we get for our understanding 
of the general organizing principles of UIRs.

Three complementary theoretical frameworks
The notion of “National Innovation System” (Freeman and Lundvall, 1992) is a seminal methodological concept aimed 
at describing “all parts and aspects of the economic structure and the institutional set-up affecting learning, as well as 
searching and exploring – the production system, the marketing system and the system of finance present themselves as 
subsystems  in  which  learning  takes  place”  (Lundvall,  1992).  The  main  components  of  the  system  include  the 
organization of the firms, inter-firms relationships, the role of the public sector, R&D intensity and R&D organization. 
This  framework  is  purposely  a  broad  one  in  an  effort  to  include  different  perspectives  of  innovation  (structural 
description and comparison, historical perspective, etc.). 

The “Triple Helix model” (Etzkowitz, Leydesdorff) is a more normative theory in the sense that it  represents the 
general  organizing interactions between actors in  innovation,  namely university,  industry and government  as in a 
DNA-like triple helix where each actor shapes the others and their trajectory. This theory insists on the dynamics 
within innovation systems, as it postulates that the result of the interaction is never stable.

The “Mode 2” framework (Gibbons) refers to a new form of knowledge production that has emerged in the last two 
decades.  This  new  mode  is  complementary  to  more  traditional  knowledge  production  (‘Mode  1’,  or  academic 
knowledge production) which still  exists.  In contrast to ‘mode 1’, ‘mode 2’ is characterized by interdisciplinarity, 
integrates different interests (not only academic interests but firms’ needs for application of knowledge) and relies on 
temporary collaboration trough projects, etc. 

Insights provided by theoretical frameworks on organizing principles 
The first insight we get from these three theoretical frameworks is the idea that UIRs are essentially based on growing 
interdependencies between actors playing a role in knowledge creation. However, if the three frameworks we consider 
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are somewhat based on this idea,  they highlight different aspects of theses interdependencies.  The “Triple Helix” 
model is based on the idea that actors are interdependent in knowledge creation and highlights in a metaphoric way the 
interesting idea that each actor dynamically influences the trajectory of the others. However, it focuses on a quite 
narrow vision of interactions, since it considers only 3 actors (University, Industry and Government) that shape each 
other through “increasing network relations” (1998). In addition, it is mainly concerned by the production of STI. The 
representation of UIRs offered by the Triple Helix model can be misleading in the sense that each part of the Helix is 
not in fact homogeneous everywhere. For instance, in France the term “University” refers to universities per se but also 
to “Grandes Ecoles” which also play an important role in teaching and research. In other countries, technological 
institutes also play a central part in research and development in collaboration with industry as we shall see below with 
case studies of Brazil and India.
 
In the “Mode 2” framework, the author also puts the emphasis on the “interconnections” between the actors, which are 
at the root of the change from “Mode 1” to “Mode 2”. Specifically, he maintains that these growing interactions have at 
least two main sources: the increasing “numbers of graduates grounded in the ethos of research” (2000) too large to be 
absorbed  by  research  and  who  go  to  industry  or  private  laboratories,  and  the  development  of  information  and 
communication technologies. The result of these increasing and new forms of interconnections is “a socially distributed 
knowledge  production  system  in  which  communication  increasingly  takes  place  across  existing  institutional 
boundaries”. However, while it is an interesting idea that frontiers between actors in the knowledge production are to 
some extent blurring, one should not take this conclusion too far. For instance, Lundvall points out the limits in the 
market orientation of universities. 

In the notion of “National Innovation Systems”, more actors are thought to be interdependent and external conditions 
such as “social capital” are considered to also play a role. Moreover, analyzing the Danish case, Lundvall refines the 
nature  of  the  interdependencies  between  actors  (1998)  showing  that  direct  interactions  between  universities  and 
industry (for example on projects) are limited to some high-tech sectors, whereas in most sectors (e.g. the ‘low-tech’ 
sectors), interdependencies are more indirect (through students which become employees for example).

Another interesting theoretical insight on the general organizing principles in UIRs is the question of the diversity and 
importance of the roles of universities. Since the introduction of research laboratories in universities at the end of the 
XIXth century,  Universities  are  both in  charge  of  teaching students  (mostly  knowledge on the “know-what” and 
“know-why”, and depending on the University and the country also part of “know-how”) and of research, especially 
more fundamental research. 

All theoretical frameworks show that universities constitute a key player. However the different theoretical frameworks 
disagree on a “third mission” for University. In the “Triple Helix” model, the introduction of a “third mission” is 
presented as the second revolution for the roles of universities. Putting it simply, universities should have a key role in 
managing the interactions with industries in linking science and technology to innovation, and connecting to activities 
outside universities. Adding some nuance in this vision, Lundvall argues that the “third mission” is not a mission in 
itself but rather corresponds to an evolution in the two fundamental roles of universities that has yielded the emergence 
of “developmental universities” where emphasis is laid on problem-based learning, in order to “learn to learn”. This 
point of view comes from the fact that the author develops a more balanced system, without special importance being 
given  to  universities  compared  to  the  other  actors.  For  example,  the  author  insists  on  the  “demand side”  in  the 
interactions between universities and firms in industry. For a university, managing and fostering connections with 
industry is possible only if the firm has the capacity (for instance, personnel with a higher education) to interact with 
them. Another important nuance to the role of universities as depicted by both Mode 2 and Triple helix models is the 
fact that universities have to remain independent from too much pressure from the market, especially for fundamental 
research.
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Confronting  the  three  main  theoretical  frameworks  therefore  gives  us  a  starting  point  to  analyze  the  organizing 
principles  of  UIRs.  The  dynamic  nature  of  interactions  between  actors,  the  broad  range  of  actors  involved 
(Government, University, Industry and other socio-economic factors), the distinction between some direct UIRs and 
more indirect UIRs and the nuanced importance of the role played by University constitute important insights. We 
would now like to turn to the concrete working principles of UIRs in the learning economy.

Independence and Interdependence of Actors: Working Principles of UIRs
As we have shown previously, universities and industry are key institutional actors affecting innovation. Representing 
UIRs therefore starts with representing these two actors. In order to better explain the different types of UIRs, we 
distinguish between two dimensions in UIRs, namely direct vs. indirect UIRs and autonomous versus government-led 
UIRs. Indirect UIRs mostly involve people, for instance when firms hire former students or even former researchers 
and reversely when universities hire managers for applied courses. By contrast, direct UIRs involve universities and 
firms directly, that-is-to-say when UIRs are used by the two parties as a mean to achieve the joint production of 
knowledge. This can happen through joint projects, science parks or business incubators within universities.

                                                                                   

The other dimension concerns the degree of autonomy that UIRs have vis-a-vis the government. Some UIRs require 
more infrastructures or involve fixed costs at early stages which can act as a barrier to entry. It is interesting to note that 
indirect UIRs and direct UIRs can be both autonomous or need an impulse from government. However, we think that 
most indirect UIRs will happen autonomously since firms need students as employees, and universities have an interest 
in asking managers to teach their students in order to gain some recognition among students and employers. Still, 
government can play a role in bringing about indirect UIRs, for example through demand-side policies concerning for 
example the hiring of PhD students in firms. In the learning economy, we would expect that both indirect and direct 
relationships would develop between universities and industry even though the development of direct UIRs fostered by 
government are the most noticeable signs of the change in paradigm. Figure 3 illustrates the various autonomous 
modes of interaction between university and industry.
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Environment (SE)
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(Through HR)

Direct UIRs 
fostered by government 



Fig. 3: Channels/Modes of UIRs  
(Source: Oxford Hanbook, Chapter 8)

Based on what we learned from theoretical frameworks, we also choose to represent government and socio-economic 
factors  in  our  UIRs  system.  The  reason  is  that  universities  and  firms  interact  in  an  environment  influenced  by 
government policies and the nature and extent of this interaction also depends on socio-economic factors, such as 
culture, language, or ‘social capital’. As mentioned previously, it is important to bear in mind that in this representation 
of the UIRs system, the main actors we have just described are not everywhere homogeneous. Within industry for 
instance,  the  role  played  by  small  local  vs.  multinational  firms  might  be  different  in  UIRs.  And  the  world  of 
‘university’ can include many sub-actors such as colleges, technological institutes, associated public laboratories, etc. 
Moreover,  we would expect the size of each actor to differ  from a country to another – for example that  of the 
government – and the relative importance of each type of UIRs to change. This is also true at the sector level: science 
parks and joint projects are more likely to happen in the most high-tech sectors where the rate of knowledge creation is 
very high. However, this gives a simple representation of the overall system in which UIRs take place and we now 
propose to describe the working principles of the UIRs system, namely the motivations for all actors (why), their 
interactions in the system (what), and finally the different channels they can use to interact (how).

Working principles of the UIR system

Motivations of actors... and potential conflicts of interests
The main motivations for universities to forge relationships with industry are to find funding from industrial projects 
and revenue from consulting, to make progress in areas of fundamental research and to define research problems which 
have some potential applications, i.e. setting a relevant research agenda. Likewise, the main motivations for industry to 
engage in UIRs are to develop new commercially realizable innovative technologies for competitive edge and new 
markets and to find talented manpower skilled with latest tools and research. For its part, government is interested in 
facilitating these interactions to foster innovation and economic growth. It is worthwhile to note that such facilitation is 
key because even though universities and industries have motivations to interact,  gaps may exist between the two 
which external impetuses can help bridge. For instance, the cultural difference between researchers in public sector and 
managers in industry should not be underestimated and is often reflected in distinct working styles. Universities and 
industries might moreover seek different outcomes from their individual and joint projects. Businesses are most often 
interested  in  relatively  quickly  commercialisable research and  with  predictable  timeline  and  outcomes  (see  for 
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illustration  Figure  2)  whereas  university  professors  might  reversely  look  at  selling  more  long-run  projects  and 
developing work which may bring publications in journals. As a consequence, setting up cooperation takes some effort 
and initiative on both sides.  For instance,  it  may be easier  for universities  in the short  run to stay in their  more 
traditional  “ivory  tower” roles  of  teaching  and  research  than  to  develop  closer  interactions  with  industry  or  to 
participate directly in the market unless clear financial incentives lead them to do so.

Government also plays an important role  in UIRs as a sponsor in the production of “public  knowledge” such as 
fundamental research. Indeed, only very large corporations can afford more fundamental research which requires long 
term investments and as such carries a high level of risk. This also comes from the nature of fundamental research, 
which can be considered as a “public good” benefiting all actors. 

Inputs and Outputs from the UIRs system
The  table  below  summarizes  the  dynamic  working  principles,  which  are  characterized  by  continuous  loops  of 
interactions between universities and industries. In other words, outputs coming from universities are used as inputs for 
industry and vice versa. It is also important to bear in mind that these interactions take place within a country’s socio-
economic environment, which provides actors with other inputs such as language or institutional norms.

 
INPUTS in knowledge creation

Universities Industry Government

O
U

TP
U

TS
 fr

om
 e

ac
h 

ac
to

r

Universities - Fundamental Scientific 
knowledge

-Marketing of commercial 
needs

-Project-based funding 
(esp. in high-tech)

-Cooperation on specific 
projects (esp. in high-tech)

-Donations 

- Funding 
-Scholarship

- Change in social capital
-Regulation (ex. Intellectual 

Property, Exchange)
-building a framework 

Industry

- High-level students 
(general & specific 

competences)
-Fundamental scientific 

knowledge
-Cooperation on specific 

projects (esp. in high-tech)
-Technological transfers
-Establishing university 

ventures

-Know-how available in the 
organization

- Change in social capital
-Regulation  (ex. Intellectual 

Property, Exchange)
-Incentives (tax rebate, 

subsidies)
-building a framework
-supporting university 

ventures

Government

- Fundamental Scientific 
knowledge as public good

- High-level students 
(general & specific 

competences) for growth

-Economic growth -

Table 1: Inputs and Outputs in the UIR system 
(Source: Group analysis)
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UIRs IN EMERGING ECONOMIES
The above analysis tells us that UIRs rest on exchanges and interdependencies between the actors involved.  Some 
interactions arise spontaneously, or autonomously, while others require an impetus by one of the actors – usually the 
government, in the forms of policies and incentives. This dynamic characteristic of UIRs combined with the distinct 
role of actors and their independence from one another suggest that UIRs can come about in a variety of ways. This in 
turn begs the question of how this dynamic is set in motion. How do relationships between universities and industry 
emerge? 

This question seem particularly  à propos when considering emerging economies that have developed rapidly in a 
context where pressures for innovation come both from within and from without through international trade networks. 
If extensive UIRs supported by multiple policies are a feature of many OECD countries, these initiatives have largely 
taken place in a context of long-established economic development which a focus on innovation and UIRs merely 
seeks to sustain.  In contrast, emerging economies have only recently begun the process of economic growth and still 
face a domestic socio-economic environment marked by the underdevelopment of many sectors and actors including 
those  involved  in  UIRs.  Meanwhile,  the  pressure  to  catch  up  to  industrialized  economies  combined  to  domestic 
challenges force them to dedicate academic and industrial energies to both local needs and the international economy. 
In such a context, it is interesting to see whether UIRs have been part of a national strategy for growth or if they have 
been enabled by a certain level of economic development. In a similar fashion, have UIRs been the results of a pull by 
industry or universities, or were they instead impulsed by the government? 

In an attempt to shed light on these questions, we look at the experiences of Brazil and India in developing UIRs and 
find that in both cases the central government played the dominant role in driving economic development and fostering 
relationships between universities and industry, first by financing the development of universities and industry and then 
by fostering collaboration between them through directly through projects or indirectly through sets of incentives. In 
both cases UIRs were encouraged as part of a strategy for growth and development, but perhaps not with a conscious 
understanding of the functioning and UIRs or of the full extent of their potential. In both cases we also find that the 
initial focus of the growth process has been on science and technology, which gives insights about the next steps for 
these countries.

The Indian IT Revolution and University-Industry Relationships

In the following sections, we take a historical perspective to examine the economic growth in India and its relationship 
with the National Innovation System and UIRs since independence in 1947 through the economic liberalization in early 
1990s to the evolving scenarios of today. We find that starting in the 1980s the Indian government has played a major 
role in R&D investments in the country as well as in shaping the IT revolution and the changing nature of UIRs today. 
However, we observe that government policies have played a role of facilitation rather than causation in economic 
changes. We find that UIRs in India historically have been rather skewed toward high tech sectors and narrow in their 
scope.  While  they have played only an indirect  role  in  the initial  economic growth in the 1990s things are now 
changing as the Indian industry moves up the value chain. Entrepreneurs serving the domestic market face global 
competition leading to a greater demand for knowledge and research from the country’s universities. This is working in 
favour of a stronger and broader base for UIRs. Government is facilitating this through various schemes that target the 
promotion of UIRs. With other reforms and the expansion of the primary education infrastructure, this will be critical 
for the sustainability of economic growth of India in the future. 

The Indian National Innovation System and Economic Growth
From the 1950s to the 1980s: Expansion of Higher Education under Import Substitution Industrialization 
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Starting in the 1950s The Indian government has acted as an engineer of the Indian National Innovation System 
playing a major role in building self-reliance and indigenous technology capabilities through significant investments in 
technology development. These investments have been highly strategic in nature having targeted specific sectors like 
defence, space and nuclear energy. Among the results was a greater focus on STI versus DUI innovation. The Indian 
government  directly  participated  in  research  through  several  government  owned  research  labs  such  as  Defence 
Research and Development Organizations (DRDOs) which were established in 1958. DRDOs have now grown into a 
network of 51 laboratories (including over 5,000 scientists and 25,000 support staff) engaged in developing defence 
technologies  covering  various  disciplines  like  aeronautics,  electronics,  instrumentation,  missiles  and  advanced 
computing. 
These investments led to the creation of some higher education institutes recognized at international level, most notably 
the  India  Institutes  of  Technology or  IITs  and the  Indian  Institute  of  Science  ir  IISc.  Formalized  by  the  Indian 
Parliament by the “Institutes of Technology Act” (1961), IITs ‘were created to train scientists and engineers with the 
aim  of  developing  a  skilled  workforce  to  support  the  economic  and  social  development’  (Wikipedia).   While 
government invested heavily in Science and Technology, the overall economy remained closed to foreign investment 
and collaboration in terms of R&D. Businesses depended heavily on foreign technology as import substitution policies 
kept the market closed from foreign competition and as a result did not provide sufficient incentives for local firms to 
innovate. 

This  unbalanced  approach  of  creating  high-skilled  manpower  while  not  encouraging  business  and  industries  to 
innovate created an oversupply of highly skilled scientists, engineers and technologists compared to the demand from 
firms. This is indeed one of the pitfalls identified by Lundvall who explains that the returns on investments in higher 
education development  is  dependent  on the rate of technical change,  which is  particularly  relevant  in developing 
economies:

“The conclusion from the analysis is that the marginal productivity of the highly educated will reflect the rate of technical change 
(exogenously given in the model). In other words the rate of return on investment in higher education will be positively correlated 
with the rate of technical progress. In a stationary economy we would expect the rate of return to be low while we would expect it to

 
Graph1 - Share of Foreign Students in USA Represented by Indians Source: Open Doors Report 2004
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be high in an economy characterised by rapid technical change. [...] To some degree the low demand for graduates in the private 
sector reflects cultural barriers that restrict the hiring of graduates while to some degree it reflects irrelevant/incomplete skills. The 
absence of graduates, in its turn reduces the innovative capability of firms leaving industry in a stagnant mode. Stagnant technology is 
reflected in modest demand for graduates. (2007)

The oversupply of engineers fed the Indian brain drain as many left for the US and other parts of the world. By way of 
illustration, 58.5% of graduates in computer sciences from the IIT of Madras migrated abroad between 1964 and 1986 
(Institute of Applied Manpower Research, 2000). According to Singh, India’s universities continue to fuel the engines 
of Silicon Valley and its many American clones (2002). Indeed, the graph below shows that Indians continue to be 
form largest segment of foreign students in the US and that this contribution has even increased sharply since 2000.
Since the 1990s
The Indian economic context changed substantially following the economic liberalization of the 1990s initiated by then 
Finance Minister Mr Manmohan Singh. Initiated in 1991 this reform had its origin in the balance of payments crisis 
India faced as a result of the oil shocks and an increased reliance on foreign borrowing since the late 1980s. In order to 
receive new loans, the government had no choice but to make various agreements with the International Monetary 
Fund and other organizations that included commitments to speed up liberalization. This had the effect of considerably 
loosening government regulations in the economy, especially in the area of foreign trade. Many restrictions on private 
companies  were  lifted  and  new  areas  were  opened  to  private  capital.  Government  also  privatized  some  public 
industries, importantly in telecommunications.

As a result of the opening of the Indian economy, international companies invested in India, also benefiting from low-
cost engineers who spoke English. For example Accenture, a leading service provider in IT, opened its first office in 
India in the late 1980s and now employs more than 35,000 persons in India. The diaspora of Indian engineers also 
substantially  facilitated  multinational  collaboration  and  investments  by  foreign  firms  in  the  Indian  economy. 
Liberalization gave expatriates incentives to come back and set up firms in their field of competence (mostly IT). It 
also supported the expansion of local businesses into foreign markets. 

All this resulted in the acceleration of growth. In the 1980s, the economy grew at an annual rate of 5.5%, or 3.3% on a 
per capita basis. In the 1990s, after the economy had absorbed the shocks induced by policy change, the average 
growth rate reached between 6 and 7%. Analysts even expect an 8.5% growth rate for 2007. This growth has been 
particularly impressive in the IT sector but also in other high-tech sectors more recently (biotechnologies, aeronautics, 
etc.). In the IT sector alone, annual growth has exceeded 40% since the early 1990s. The table below illustrates the 
success of the Indian Software Industry for the 1990s, with both high increase of domestic and exports revenues.

      
Table: Indian Software Industry Revenue and Exports



Most of the growth in the IT Industry has been in the form of  services exported to  clients  in the US and other 
developed economies though more recently the sector has consciously tried to move higher up in the value chain by 
making and selling indigenous hi-tech products (e.g. banking software products) instead of low skill services. The 
biotechnology sector has also shown strong growth and holds great potential for the future. Government policies have 
supported these trends through several government initiatives like the "Software Technology Parks of India" (STPI) 
program, launched by the Department of Electronics in 1991 in order ‘to encourage, promote and boost the Software 
Exports from India’ (www.stpi.in). This program includes infrastructure support and tax benefits to 100% software 
export units and acted a very strong incentive from which many players in the software services sector benefited. The 
importance of the STPI scheme for India’s success in Software exports is quite clear from the fact that STPI units 
account for nearly 60% of India’s total exports, according to a study by an MIT in 2000.

The strong STI  base  developed by  government  policies  since  the  1950s has  had  a  major  impact  for  the  further 
development of IT and other high-tech sectors in the past two decades. Referring to our input-output model, the fact 
that firms could benefit from a large base of high-level engineers allied with the return of diaspora engineers back to 
India after experience abroad (and thus the import of DUI) were certainly two of the most determining factors for the 
success of the Indian model. Indeed, in Hyderabad alone about 100 companies have been set up by returning software 
professionals (Indian Express in Kumar, 2001). Moreover, socio-economic conditions played an important role, such as 
inheritance  of  English  language  institutions  from the  British  colonization.  Allied  to  the  existence  of  high-skilled 
workers, this contributed to attracting foreign firms and investments in India when the country opened its market, 
which in turn also helped in the diffusion of DUI knowledge in India.

However, the success of innovation system in India still features some visible limits today. The Indian economy and 
NIS are actually heavily skewed in different respects.  First,  the opening of the economy remains incomplete and 
restricted  to  specific  sectors.  Moreover,  governmental  investments  made  since  the  1950s  have  focused  on  the 
development of STI compared to DUI and on the development of one or two progressive sectors (like IT and Biotech) 
while others lag behind. While the scope of this paper does not allow to analyse the biotech sector in much depth, it is 
worth mentioning that the “Green revolution” that took place in India 1967 to 1978 included a strong DUI component 
in the training it gave to farmers in addition to the development  of higher-productivity seeds. 
In terms of geographical spread, there has been a strong agglomeration of large business centers, leading academic 
institutes, government R&D and Defence labs in handful of concentrated centers like Bangalore, Mumbai, Delhi and 
Hyderabad. Finally, the discrepancy between the highly skilled engineers on the one hand and the poor level of overall 
education availability and infrastructure still remains a feature of today’s India and represents a major risk for the 
diversification of sources of Indian growth. To illustrate, the fact that the Indian Institute of Science, Bangalore today 
ranks today among world’s best science universities contrasts with the fact that the overall education system (especially 
primary education) is below desired levels of quality and access. As shown below, the result is a gross enrolment ratio 
(defined as the number of students enrolled in primary, secondary and tertiary levels of education, regardless of age, as 
a  percentage of the population of official  school  age for the three levels)  closer to those prevalent in developing 
countries than to those typical of countries in transition. 

Enrolment in Higher Education by regions 2001-2 (in %) Gross Enrolment Ratio

Developed Countries  54.6

Countries in Transition 36.5

Developing Countries 11.3

World 23.2

India 13

Table – Gross Enrolment in India compared to the rest of the world



Source – Sukhdeo Thorat / Chairman UGC / 11/2006 / Nehru Memorial Lecture
The Indian government also remains the most important actor R&D investments. According to Kumar, over 63.3% of 
India’s total expenditure on R&D and related S&T activities is still spent by the central government in the framework 
of the Five-Year Plans with another 8.7% by the State Governments (2002). As a consequence, there is a clear case for 
a more broad-based development. Some initiatives have been taken but perhaps much more is required in terms of 
creating a more balanced national innovation system.

Nature and Role of UIRs in India

From the 1950s to the late 1980s
Given the process of growth that we have just described, the skewed nature of UIRs in India should not be surprising. 
Historically,  Indian  universities  have  concentrated  on  training  and  producing  manpower,  which  would  then  be 
employed by the national industry (and also de facto transnational). This has perhaps been the dominant – if not only –
part of interactions between universities and industry until the beginning of the 1990s. The R&D done in universities 
has largely been funded by the government, which has also been funding its own R&D and Defence labs in parallel. 
The share of the corporate sector funding of R&D has been discouragingly low, with only 25% of India’s national 
R&D expenditure being spent in the corporate sector or industry (comprising both public sector and private sector 
enterprises)(OECD, 2005). One factor explaining this gap is that while universities have been training and teaching 
according  to  international  standards,  businesses  (owing  to  pre-liberalization  protections)  did  not  have  sufficient 
incentives or competition to innovate to those standards. 

Until  the 1990s,  universities,  government  R&D labs and industry more or less went their  own independent  ways 
without much collaboration. Government R&D funding in labs and universities has been directed mostly towards 
strategic sectors like defence, space and nuclear energy, which was not directly useful for businesses. Besides direct 
collaboration at the R&D stage, the record of technology transfer generated from R&D into field use has not been very 
good, not only with regards to industry and firms but also to defence, government-owned public sector enterprises 
(PSUs). 

From the 1990’s onward
The need for more interactions between university, industry and government has been recognised in the 1990s. With 
the opening of the economy, local businesses exposed to global competition have been forced to innovate and invest in 
R&D. Because not all  firms could afford to develop a R&D department  internally,  universities  and research labs 
appeared as interesting alternatives for them. In response, government policies and initiatives were taken to facilitate 
technology transfer and to reduce the gap between R&D and local market needs. In particular, two specific initiatives 
undertaken exemplify the more recent policy initiatives directed towards bringing universities and industry together. 

Technology Business Incubation
As  part  of  a  government  initiative  to  promote  entrepreneurship  Technology  Business  Incubators  (TBIs)  were 
established in leading technical universities all over India starting late 1990s. The crucial bridge between industry and 
academia,  these  were  part  of  various  initiatives  taken  by  the  National  Science  &  Technology  Entrepreneurship 
Development  Board (NSTEDB) established in  1982 by the  Indian government  under  the aegis  of  Department  of 
Science & Technology to help promote knowledge driven and technology intensive enterprises. 

TBIs are "business incubators" for newborn companies started by university professors and/or students. The motivation 
for TBIs was to help universities  transfer research to the market more effectively by helping the conversion into 
commercialisable products. The researchers by means of such innovative companies would better realise the market 
demand and orient their research accordingly. The operational structure of the program involved government grants 



specifically used for setting up the infrastructure of the incubator and to provide initial minimal seed capital. To make 
the system work, several other changes were required, for instance allowing professors to hold positions and draw 
remuneration in these "private" enterprises while officially employed in government positions—something not allowed 
previously. Besides a general relaxation of such rules a significant change in the mindsets of university professors was 
required to move away from a relative mistrust  towards the private sector and a focus on the traditional roles of 
universities in teaching and research.  In this initial stage, there was also substantial confusion regarding who should 
hold intellectual property rights (IPR) (government, university or the technology start-up in the incubator implementing 
a government funded project). Another concern was whether public universities which received tax rebates as not-for-
profit research institutes could engage in profit-making investments in private technology start-ups.   The success of 
these initiatives ultimately depended on the mindset of the people actually in charge of implementing these changes ie 
the administration and researchers in the universities (http://www.fitt-iitd.org/tbiu/index.html, http://www.sineiitb.org).

Government-Promoted Industry-University Consortia and the TIFAC
Some  government-funded  organisations  like  the  Technology  Information  Forecasting  and  Assessment  Council 
(TIFAC) explicitly have the mandate of funding "consortium" projects where a proposal for developing technology for 
government funds can be presented by a group or consortium of university and industry partners. The motivation is to 
encourage universities and firms to collaborate in building innovative technologies useful for the market. There are 
special considerations (e.g. related to IPR) to make sure that the technologies developed are available to the entire 
sector  or  market  and not  just  the private  players  involved in  the project  while  at  the same time protecting their 
investments and interests. The kind of technologies considered are therefore "pre-competitive" in nature, e.g. nano-
technology or other technologies that have been identified as fundamentally important from the point of view of the 
technological  capability  building of  the nation but  feature investment  barriers  which single university  or industry 
groups may not be able to cross alone or in a convenient timeframe. (http://www.tifac.org.in/, http://car.tifac.org.in/)  .  

Concluding Elements on the Indian Experience

Economic Growth and UIRs 
We observe that  the  Indian  growth  story  has  been  a  unique  one.  While  UIRs  are  increasingly important  for  the 
sustainability of growth in the future, they did not play a direct role in the initial stages of economic growth. Rather, 
they were hindered by the underdevelopment of the Indian industrial sector and the import substitution policies that led 
to this underdevelopment. We find that up until the late 1990s to early 2000s, UIRs in India have been rather narrow as 
universities have mainly been performing their traditional role in training manpower and to some extent fundamental 
research. The diffusion of knowledge has mainly been in the form of this manpower (students) moving to industry as 
trained  professionals.  This  in  another  pitfall  identified  by  Lundvall  who  concludes  that  innovation  requires  a 
combination of both STI and DUI-learning : 

“Those arguing strongly for linking university activities to innovation through markets tend to build upon a narrow understanding of 
the innovation process as basically linked to science. This is true both for triple helix and for mode 2 adherents. The fact that 
experience-based learning based on doing, using and interacting (DUI) and tacit knowledge remains fundamental for innovation is 
neglected.” (2007b)

Furthermore, things have been skewed both 'horizontally' in the sense of some sectors like IT doing well while others 
lagged behind, and 'vertically' in the sense that there was a gap in terms of both quantity and quality of manpower 
required by the domestic market, and that being produced by the universities. Other elements of UIRs, especially those 
which involve closer people-to-people interactions between university and industry have been minimal or absent. The 
culture of diffusing knowledge or research generated within universities directly into the markets or to industry has 
been lacking. The diffusion even where it existed was more from universities to strategic sectors like defence and 
space. 



The tremendous growth of  the  Indian  economy after  the  1990s was arguably due  to  the  unleashing of  domestic 
entrepreneurial talent after the end of the licence raj i.e. deregulation of industrial sector by the government and the 
economic liberalisation of the economy in general. The IT sector has been at the forefront of this growth first through 
the export of IT services abroad and continuously grew at phenomenal rates (exceeding 40% per annum). The 'reverse 
brain drain'  effect  and the connectedness and goodwill  of  local entrepreneurs with the Indian diaspora played an 
important role in this growth. In this sense, the role of UIRs in initial economic growth of Indian economy was more 
indirect. While government did play a major role in the economic growth, it will be a mistake to consider this growth 
(eg the IT revolution) as being 'caused' or 'planned' by the government. The IT revolution happened like a rising tide 
led by external factors (i.e. economic liberalization in the face of balance of payment crisis of early 1990s and demand 
for  outsourcing  from  transnational  firms)  and  local  entrepreneurs  and  government  did  well  in  recognising  and 
facilitating the phenomenon. 

However, the nature of economic growth is changing. Businesses are evolving and moving up the value chain. The 
evolution from call centers to business process outsourcing to knowledge process outsourcing, from 'body shopping' 
and relatively low tech IT services to high-end niche products and the much hyped recent wave of projecting India as 
the future 'R&D hub' of the world all point to the changing nature of this growth. Businesses serving the domestic 
market have been forced to innovate and improve the quality of their products and services in order to stay competitive 
in  the  face  of  increasing  competition  from foreign  players.  These  factors  have  necessitated  closer  interaction  of 
industry with universities and therefore UIRs have started playing a more direct role in economic growth. Initiatives 
taken by National Science & Technology Entrepreneurship Development Board (NSTEDB) eg growing number of 
Technology Business Incubators (TBIs) at academic institutes, and other trends like consortium projects involving 
participants from industry and academia are testimony to this change. But while the process is clearly underway, much 
more needs to happen. Mindsets need to change both within academia and industry in order to see a culture of closer 
and more autonomous UI interaction in the form of informal people to people interaction, consultancies, joint projects, 
joint ventures etc. These changes also have to be broad-based and go beyond the traditional sectors of growth. The 
overall education setup also needs to become more widely accessible and aim for higher enrollment ratios, as well as a 
more balanced growth in all sectors of higher education.    

UIRs and Innovation in Brazil: A Search for Sustainable Endogenous Growth
A historical analysis of the Brazilian industrial scenario shows that the Brazilian government has had a very important 
role in cultivating relationships between universities and firms, first by encouraging their development as public sector 
entities, then through specific projects linked to government demand for research and development of aircraft and 
agricultural products and eventually through a set of policies and incentives. Key cases of institutionalized UIRs played 
a  role  in  the development  of  the Brazilian economy between 1930 and late  1990’s  such as  the EMBRAER-ITA 
initiative, and the creation of IPT and EMBRAPA. After 2000, measures by the Brazilian government owed to a more 
conscious and sustainable plan to increment UIRs as part of a strategy to boost economic growth and innovation and 
reflected  a  more  mature  economy  where  relationships  between  universities  and  industry  tended  to  be  more 
spontaneous. 

Historical perspective

The 1940’s to the 1980’s: Import Substitution Industrialization, Private Underinvestment and Economic Dominance of  
the  Public  Sector   
Since its discovery in 1500, Brazil’s main economic activity has been monoculture agriculture (sugarcane, rubber, 
cacao and coffee) until signs of industrialization appeared in the late 1930’s stimulated by the government with the aim 



of developing a base industry. In 1941 the Ministry of Aircraft was created which provided the starting point for ITA-
Embraer, CSN (public steel company) and CVRD (mining company, today entirely private and 2° largest in the world). 
During this period in Brazil, barriers to the import of consumer goods were established as part of a national policy to 
spur industrialization through import substitution. The objective was to encourage the growth of small and medium 
enterprises (SMEs) and the local production of consumer and industrial goods. Sheltered from foreign competition, 
private  industries  were concentrated in  their  local  market  and did not  participate in  any significant  scientific and 
technological development. After this initial period protectionism started having a perverse effect on a fragile and small 
industry as a lack of competition led to low investments in innovation. 

Likewise, the educational system was not fully developed and the small number of universities did not dispose of 
sufficient resources to carry out research and were not integrated with the market. In this context UIRs were rare. It is 
only in  1951 that  some institutions  were  created  to  foment  human capital  including the Coordination of  Human 
Development in Tertiary School (CAPES) and the National Council for Scientific and Technological Development, 
(CNPq),  the  Fund  for  Studies  and  Projects  (FINEP)  and  the  National  Fund  for  Scientific  and  Technological 
Development (FNDCT). These institutions provided considerable resources for technical research, academics and the 
development of universities.

In the 1950’s, the Brazilian government also continued the development of institutional basis through the creation of 
some public organizations such as Petrobras (public oil industry) and Aircraft Technological Centre (CTA) in 1953. 
However, in the first half of 1950’s, the industrial policy continued to privilege the protectionism of the market. In this 
period, the technological supply in the international market was high, the strategy developed consisted in machineries 
imports by the local firms (Vogt & Ciacco, 1985).

Between 1960 and 1980, with an incipient industrial sector and some research organizations, Brazil demonstrated a 
more explicit concern with scientific and technological development. However, protectionist policies had created a 
vicious cycle of underinvestment in the private sector, leaving public companies as the only ones to invest in new 
technologies mainly in base sectors such as oil, aircraft, steel, aluminum and mining. 

Crisis in the 1980’s
Due to globalization and the macroeconomic crisis of the 1980’s, lopsided development of the public and private sector 
side became even more evident. On the one hand the international economic crisis took a toll on the resources of the 
Brazilian state and consequently did not allow for the continuation of the protectionist industrial policy pursued thus 
far. On the other hand private industry did not have sufficient resources to face an internationalized market. Helped by 
the fragility of the Brazilian market, multinational foreign companies started to play a major role in the economy, 
representing the greater part of manufactured consumer goods. 

Investment  in  R&D in  this  period  was  considerably  low.  Investments  came  mainly  from public  sources  through 
Petrobras, Embraer and Telebras. Meanwhile, multinational private firms (pharmaceutical companies such as Roche, 
Aventis, Bayer; Danone, Nestlé and Kraft in food; Dow and Henkel in chemicals; and Philips and Sony in electronics) 
mostly invested in technology and in-house R&D laboratories in their headquarters, merely importing technology, new 
processes and products to Brazil from their home base. 

Early UIRs in Brazil: Critical Public Initiatives in Science and Technology

Particular cases contributed to initiate a process of growth and innovation process in which UIRs held a central place. 

EMBRAER – CTA – ITA 
Since its creation in 1941, the Aircraft Ministry started to develop a basis for the support and growth of a national 



aircraft industry in Brazil. Perhaps in part due to the internal and external sovereignty motivations of a military regime 
in place from 1937-1945 and subsequently from 1964-1988 combined to the outcomes of World War II, the aircraft 
industry became strategically important in the 1950s. The technological Institute for Aeronautics (ITA) was created by 
the Brazilian government in an ambitious project that involved high rate academics from Brazil and abroad. Initially, 
an academic team was brought in from the Massachusetts Institute of Technology to found this university together with 
the best Brazilian engineers. In time ITA became one of the main engineering universities in Latin America and the 
city of São José dos Campos, one hour away from São Paulo, became a privileged pole for the flourishment of high-
tech  industries.  São José dos  Campos today hosts  a  number  of  industries,  private  universities,  technical  schools, 
engineering universities and the National Institute for Outer Space Research (INPE) an institute of the Ministry of 
Science and Technology. This illustrates the impact that government initiatives can have on the educational field and in 
the development of innovative capacity. In fact, ITA was one element within the Aircraft Ministry’s larger plan for 
technological development, the Aircraft Technological Center (CTA). The CTA’s five-pronged mission was to:

• organize the tertiary student level correspondent to the interests of Brazilian national aircraft; 
• promote,  stimulate  and  conduct  technical  and  scientific  research  aiming  the  progress  of  Brazilian  aircraft 

industry;
• homologate airplanes in the country;
• cooperate with the Brazilian airplane industry, providing improvement, machinery and technology;
• collaborate with scientific organizations and universities in Brazil and abroad.

An important demand existed for the development of an airplane with a hard structure that would be adaptable to land 
in  earth  routes  and  compatible  with  precarious  airport  conditions  throughout  the  country.  Furthermore,  Brazil’s 
enormous dimensions led to a demand for small- and medium-size planes from the Ministry of Aircraft, farmers and 
politicians. In 1968, many years after ITA’s creation, the Bandeirante Airplane flew in São José dos Campos as a result 
of  a CTA project supported by ITA. This first  Brazilian high-tech product was an important achievement for the 
domestic aircraft industry in Brazil. 

Once  the  project  concluded  and  a  prototype  was  developed  came  the  challenge  of  its  serial  production  and 
commercialization.  For  this  purpose,  the  CTA  created  Embraer,  a  public  company,  with  the  purpose  of 
commercializing the products developed by CTA and ITA. This initiative by the Brazilian state helped overcome the 
historical lack of resources of private actors in the development of aircraft firms. After Embraer’s creation, more than 
500 Bandeirantes airplanes were sold in Brazil and abroad, opening the US market for Brazilian-made aircrafts. 

Another fruitful experience in this embryonic period of aircraft production in Brazil was the creation of CAP in 1948 
(Aircraft Company in Sao Paulo). For the first time, an aircraft private company utilized services from a research 
center exogenous from its structure. CAP had a partnership with IPT (Technological Research Institute) oldest research 
center in Brazil (1899) (Cabral, 1986, p.6). CAP’s main product was the “Paulistinha”, a mono-engine classic airplane. 
It was sold to Brazilian consumers and abroad.

Technological Research Institute (IPT)
A hybrid governmental institute, laboratory and university, the IPT was founded by the government in 1899 primarily 
as a laboratory for research on materials resistance. Its initial mission was to provide services to small, medium and 
large firms. Then an academic mission was integrated to its mandate, in the way of providing undergraduate and 
graduate courses for students. This eventually led the IPT to also provide internships and training as well as consultants 
and researchers. IPT also provides services for SME development, thus fulfilling an important need in the development 
of DUI learning and innovation. 

This case is rather unique as a governmental research bureau that began to provide undergraduate and graduate courses 



later on, unlike universities that normally create a research center and/or R&D laboratory as they evolve. The IPT is 
now one of the main technological centers in Brazil, with 94,000 m² of laboratories and buildings distributed in 62 
buildings, 72 laboratories and 25 divisions in 3 cities (São Paulo, Franca and Guarulhos). 

The Brazilian Agricultural Research Enterprise (EMBRAPA)
EMBRAPA is a public agency established in 1973 and funded by the Ministry of Agriculture to create solutions for the 
sustainable development of the Brazil’s rural areas. Its main goal was to develop the agribusiness sector through the 
generation, adaptation and transfer of knowledge and technologies to benefit Brazilian society. It now has 37 research 
centers  that  carry  out  commodity-specific  research  while  others  are  involved  in  thematic  research  (environment, 
genetic  resources  and  biotechnology,  agro-biology,  among others)  and/or  regional  issues.  EMBRAPA focuses  on 
technological  upgrading  in  farming  by  developing  techniques  for  biological  and  integrated  control  of  harmful 
biological agents. 

EMBRAPA  also  coordinates  the  National  System  of  Agricultural  R&D,  including  federal  and  state  level  R&D 
institutions, universities and businesses, which, in a co-operative manner, develop R&D projects relevant to different 
regions of the country. EMBRAPA is reputed to play a key role in agricultural R&D, which has helped Brazil to 
become one of the world’s largest agricultural producers and a competitive, low-cost exporter of such commodities as 
soybeans, sugar, coffee, oranges and meat. Agricultural exports totaled around USD $30 billion in 2004, or almost one-
third of Brazil’s total merchandise export revenue. (http://www.embrapa.br)

In order to build Brazilian leadership in tropical agriculture Embrapa invested above all in human resources training. 
Embrapa currently has 8,320 employees, in which 2, 207 are researchers with links to the main universities in Brazil 
and worldwide – 71,6% are doctorate and 27% are graduate. Interactions with universities all over Brazil and abroad 
are done through researchers, normally linked with a university and to Embrapa’s research centers. Many partnerships 
exist between Embrapa and universities on research projects and technological transfer. 

From 2000 onwards: a strategic framework towards UIR in Brazil? 
Due to the efforts made during between 1930 and 2000, Brazil nowadays has a reasonable amount of researchers, 
universities, institutes and domestic enterprises (private and public). Brazil now spends over 1% of its GDP in R&D. 
Even though it is below the average expenditure in OECD countries (2.2%), it is the highest level in Latin America. 
Moreover, President Inacio Lula da Silva has pledged to increase expenditures to 2% of GDP by 2010. Brazil is also 
trying to foster the increase in private sector investment in R&D, which now accounts for 37% of total investments in 
R&D.  For  its  part,  the  Federal  government  is  responsible  for  40%  of  total  R&D expenditures  in  Brazil,  while 
investment from states account for 23%. The federal budget for R&D is divided among the Ministry of Science and 
Technology (47%), the  Ministry of Education (21%), the Ministry of Agriculture (19%) the Ministry of Development 
(4%) the Ministry  of  Industry and Foreign Trade (3%) the  Ministry  of  Health  (2%),  and others (4%).  The state 
governments of the Southeast region account for 73.9% of total state expenditure on R&D, followed by the South 
(14%) and Northeast (8.6%). (OECD Economic Report – Brazil, 2006)

There are now close to 300 research institutions in Brazil with approximately 60,000 full time researchers and 8,000 
PhD graduates per year, 69% of which in disciplines like science and engineering. In 2005, 15,177 articles were 
published in international scientific publications, representing 48% of all Latin American articles. Last year, 21,742 
patent  demands  were  submitted  to  the  Brazilian  National  Institute  for  Intellectual  Property  (INPI).  The  Federal 
Government annually supports more than 32,000 university students at the masters and PhD level through programs 
run by the CNPq (Ministry of S&T) and CAPES (Ministry of Education).

Strategy for boosting UIRs and Innovation: PITCE and Innovation Law
Brazil has made considerable efforts to develop a consistent innovation system to optimize efforts and collaboration 

http://www.embrapa.br/


between public and private research institutions, companies and universities. After 2000, the Brazilian government 
introduced a legal framework for innovation, a fundamental step in providing a secure environment for long-term 
investment to universities, research institutes, private and public firms (national and international) by defining legally 
the inputs, outputs, ownership and relationships between actors (patents partnerships, joint-ventures, etc). Two main 
legal instruments were implemented since 2000: PITCE and Brazil’s Innovation Law. 

Brazil’s Policy for Industrial, Technological and Foreign Trade (PITCE) was created in 2003. The principles delineated 
in this policy are to increase the level of competitiveness of industry through value-added standards and innovation, 
and to raise the competence of the firms and research institutes, to motivate the interaction between public entities and 
firms and lastly to establish an export-oriented platform within the market aiming to bring resources to the country. 

PITCE has been regarded as the ground zero for the industry development and modernization. Ministries have aligned 
with this industrial policy. For example, in accordance with PITCE guidelines, the Ministry of Education and the CPNq 
launched a program to finance doctoral students in microelectronics, nanotechnology, biotechnology and engineering, 
while the Ministry of Science and Technology launched a program to modernize facilities at engineering schools and 
laboratories,  and the  Ministry  of  Labour  launched a  program to train  technical  workers in  software  development 
(programming and analysis) (Salerno & Arbix, 2007). As we can see this strategic plan towards innovation has been 
orchestrated by the government; also, the other players such as industries and universities start to increase their active 
participation as the process become mature, secure and regulated.

Another important accomplishment in the area innovation has been the Innovation Law implemented in 2005. The 
Innovation law encourages the creation of private R&D laboratories and stimulates the establishment of partnerships 
between public and private institutions/industries. The main idea is to link both sides, diminishing the significant gap 
between Brazil's capacity of knowledge generation in universities and the ability to translate that knowledge into know-
how and incorporate technological advances into the market. In connection to the innovation law, the government has 
also approved a package of fiscal incentives for in-house R&D.

Brazil’s Innovation Law is based on the concept of regulation of IPR and has been influenced by the French law (1999) 
“LOI no. 99-587 du juillet 1999 sur la l'innovation et la recherche" and the Bayh-Dole Act adopted in 1980 in the USA. 
Three axes compose this law:

• foster a friendly environment for strategic partnerships between universities, technological institute and firms; 
• encourage the participation of science institutes and technology in innovation process; 
• stimulate innovation within the firms

Concluding Elements on UIRs in Brazil

Importance of UIRs for Innovation and Growth in Brazil
What is striking about the Brazilian case in the heavy involvement of the Brazilian government at each stage of the 
country’s economic development and the demand that it  represented for the development of both universities and 
industry and relationships between them. This is all the more interesting considering that this demand for economic 
products was emanating from the local context and was not dictated by external factors as in the case of India. As a 
result, the specialized institutes and firms created focused on problems relevant for the local context which according 
to Lundvall is a positive step towards strong universities and productive relationships with the market. (Lunvall, 2007)

Another interesting feature of the Brazilian UIR scenario is the diversity in the composition of each actor and the 
existence  of  intermediary  actors  such  as  government  agencies,  institutes  and  commercial  offices  linked  with 
government, universities and industry. These intermediaries have carried out the bulk of UIRs, channelling demand 



from the state while keeping the traditional activities of universities and industry. 

The period between 1930 and 2000 can therefore be characterized as the period where UIR actors were establishing 
themselves.  During  this  phase,  the  government  was the main actor  establishing and joining together  universities, 
industry and a number of government entities. Under such government management, Brazilian innovation actors did 
not develop UIRs spontaneously. In the same period, as firms, universities and surrounding organisations grew, some 
cases of UIRs were undertaken by the government that were instrumental in the growth of the Brazilian aircraft and 
agricultural industry. 

After 2000, Brazil entered a period of greater economic maturity and stability. This is reflected in clearer long-term 
strategies by the government, firms and universities alike. Important measures such as the Innovation Law (2005) and 
PITCE (2003)  describe the alignment  of  the economy in using UIRs to  improve innovation and boost  economy. 
Therefore, UIRs have now become an important element in fostering economic growth and valued-added industries 
within Brazilian economy. All the actors in the innovation system are more aware of the importance of UIRs and 
conscious  strategic  plans  purposely  seek  to  stimulate  them  as  part  of  a  strategy  towards  growth  and  economic 
development. 

Recommendations and Next Steps for the Brazilian Learning Economy

The role of specialized and intermediary institutes calls attention to the need to strengthen and widen linkages between 
universities and businesses in order to overcome the danger of using these specialized entities to create an academic 
and business elite in parallel with the neglect of the rest of the population.

“the high degree of separation of the higher education from the rest of society. We believe that shortening this distance is a key to 
getting positive results from investment in higher education in less developed economies”. (Lundvall, 2007)

Also, despite recent efforts, a clearer designation of functions and duties of actors is needed. Intergovernmental co-
operation could be strengthened by increasing the interaction between the state and federal organisms linked with S&T 
and UIR. Another continuing problem is the regularization of the patents in the National Patent Office (INPI). The 
process is still lengthy, creating difficulties for dissemination of new technologies, increasing the time for amortization 
of the investment by investors and also allowing international competitors to have gains in similar products. 

More  consideration  could  be  dedicated  to  assessments  of  the  economic  impact  of  existing  programmes  and  the 
framework conditions needed in support of the government’s overall S&T policies. Even though Brazil ranks among 
science producers and allocates substantial resources to its innovation system, the productivity of the resources applied 
appears to be low. Brazil's score in number of patents filed internationally (WIPO - 2005) is very low as compared to 
other emerging markets with similar expenditure in R&D. In 2004, China approved 1,705 patents, India 689 and Brazil 
only 278 patents (0.23% of the world's total). A possible explanation for this is that research conducted in Brazil might 
be on average less patentable than research developed in India (intensive in pharmaceuticals and software) or in Korea 
(electronics),  being  countries  that  have  been  focusing  on  patent-intensive  sectors.  In  terms  of  scientific  output 
(international publications), Brazil represents 1.6%. In this sense, Brazil needs to search for more patentable niches 
and/or invest in areas that are more easily linked with applied market. Again, another possible reason for the "low 
productivity" of Brazil's innovation system and UIRs might be related to the composition of R&D expenditures, in 
particular the relatively limited engagement of the private sector as already mentioned before. For example, in 2004, 
out of 147,000 researchers in the labour market, only 26,460 (18%) were employed in companies. (OECD, 2006)

Fiscal  incentives,  credits,  regulation  and faster  processes  should  be  encouraged and progressively  developed and 
evaluated to foster greater private sector participation in R&D and the modernization of institutions. These programs 



could have a favourable impact on Brazil's innovation capacity in the medium term. 

CONCLUSION
The cases of India and Brazil show that interactions between knowledge producers occupy a central place in their 
growth strategies as emerging economies. While they may not play a large role in initial stages of growth UIRs often 
support growth at later stages, varying their nature and scope at different junctures. It is interesting to see that both 
countries initiated national development within a framework of import substitution industrialization, which suggests a 
dominance of the state in the economic sphere. But the policies pursued by each within that framework had distinct 
effects on national economic development and on the role of the government in the economy after protectionist policies 
were abandoned in the midst of the macroeconomic crisis of the1980s.  

In Brazil, economic development began as an endogenous process led by the government which targeted specific needs 
linked to the local context as it related to the development of an aircraft industry and agribusiness. UIRs thus started in 
the  1950s  as  the  state  created  a  demand  for  research  and  then  commercialization  of  industrial  products,  and 
subsequently evolved slowly around the progress made in these sectors. Later on, the government continued to steer 
industrial  economic  development  through  large  public  firms,  but  was  no  longer  the  sole  driver  of  economic 
development as multinational firms and domestic private firms developed in the post-ISI market. It is only later that the 
private sector started playing an autonomous role in research and development, allowing the state to assume a more 
hands-off role as a regulator at the turn of the millennium. Nevertheless, neither the public nor the private sector is 
today making investments in R&D that would allow them to reap the full benefits of growth.

In India, the transition was more rapid as a result of a pull by international factors linked to the macroeconomic crisis 
and the demand for outsourcing from international IT firms.  Starting in the 1950s, the Indian government did not have 
such  direct  influence  on  growth  and  UIRs.  Rather,  it  led  to  important  policy  failures  by  pursuing  a  financially 
unsustainable ISI strategy while neglecting to develop the industrial sector sufficiently to match its investments in 
higher education. This directly led to the drain of Indian engineers to Silicon Valley and other parts of the world. 
However, this did not only have negative consequences for India since these expatriates eventually came back to India 
to man IT firms and moderate interactions with foreign investors. Nevertheless, the Indian government had but an 
indirect role in fostering productive UIRs before the 1990s. 

The mitigated results associated with early economic and innovation policies in India provide empirical support to the 
importance of UIRs and the role of the government within the UIR system. Indeed, even non-strategic behaviour by the 
government or misguided government policies can have an impact on growth. This means that in reference to the 
model we developed above, the importance of direct but non-autonomous UIRs (those fostered by the government) 
cannot be underestimated. Likewise, it perhaps even suggests that autonomous but indirect relationships can affect 
players in different ways based on their size which is affected by socio-economic variables as much as by government 
actions. 

The effect of external economic forces had the advantage of requiring little in the way of demand-side policies in India 
after the 1990s since the pull for UIRs came from industry international as well as domestic. As a result the Indian 
government’s role was more one of a facilitator and it did well in sponsoring pre-competitive research and not having 
contradictory policies more generally.  However, the need for UIRs has been relatively limited given the low-skill 
nature of the economic activity until recently. India’s plan of becoming the world’s R&D hub will certainly increase 
the relevance of Indian UIR policies in many ways. 

In this respect,  the combination of DUI and STI-learning will  be critical.  Although India and Brazil have had an 
impressive degree of success keeping the focus on science and technology, the development of DUI learning has been 



lacking in both countries thus far. If the success associated with a focus on STI may suggest that sequencing STI and 
DUI investments over time may be a good strategy in early stages of economic development, empirical research on the 
effect of STI and DUI on learning states that it is the combination of both which yields the best results with regard to 
innovation. (Lundvall 2007) In this sense, Lundvall explains:

“The focus on universities as sources of codified knowledge gives a biased perspective on how universities may best contribute to the 
innovation process. The experience-based tacit know-how that graduates obtain while working with problem solving and research is 
best transferred through firms’ hiring university graduates - not through university patents.” 

 It is therefore the capacity of Indians and Brazilians to learn that will determine the future success of their economies.

Another remarkable feature in both the Indian and Brazilian cases is the flexible view of the nature, mission and exact 
composition of the actors involved in UIRs to match domestic needs. In both cases, specialized technological institutes 
had strong roles which allowed for the efficiency of investments within the sectors that were targeted to be at the heart 
of growth. Innovative ways to bring about innovation Indian TBIs went against principles of public servants. 
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