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Abstract—The aim of this paper is to get insight on the nature of
university-industry technology transfer (UITT) and technology
transfer offices (TTOs) activity at universities in the case of emerging
economies. In relation to the process of transferring
knowledge/technology in the case of emerging economies,
knowledge/technology transfer in these economies are more reactive
than in developed economies due to differences in maturity of
technologies. It is assumed in this paper that knowledge/technology
transfer is a complex phenomenon, and thus the paper contributes to
get insight on the nature of UITT and TTOs creation in the case of
emerging economies by using a system dynamics model of
knowledge/technology transfer in these countries. The paper
recognizes the differences between industrialized countries and
emerging economies on these phenomena.
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1. INTRODUCTION

HIS paper analyzes the process of UITT and TTOs

activity in emerging economies. In this regard, some
authors have examined the resources needed to achieve
optimal conditions for transferring technology from
universities to industry [1]. The Technology Transfer Office
Model, for example, offers an adequate explanation on the
process of UITT phenomenon emphasizing the role played by
TTOs in this process [2], [3]. In addition, the Technology
Transfer Office Model defines the role played by university
scientists, university technology managers and administrators,
as well as firms/entrepreneurs when transferring commercial
knowledge (technology diffusion) through licensing patents
and other forms of intellectual property [2], [3]. The
Technology Transfer Office Model is analyzed in this paper to
develop a system dynamics model of knowledge/technology
transfer in the case of emerging economies.

The main objective of this research is thus to get insight on
the barriers found when transferring knowledge/technology
from universities to industry in the case of emerging
economies. It is assumed in this paper that the stakeholders
participating in the process have different motives and
behaviors within different environments at the time of
transferring technology/knowledge [2], [3].

The research question conducting this study is as follows:
How the formation of relationships, networks, or boundary
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spanning behavior affects the process of UITT and TTOs
performance in the case of emerging economies? In the case
of these countries, some forms of collaboration between
universities and firms are more important to guarantee
successful practices to transfer technology/knowledge from
universities to industry [4], [5]. In addition, it is important to
keep in mind that intellectual property regimes and TTOs at
universities in these countries have had a reactive rather than a
proactive approach to technology transfer due to the
differences in maturity of technologies [5], [6].

II. LITERATURE REVIEW

A. Context of University-Technology Transfer

The Bayh-Dole Act of 1980 focused on two main issues [3]
[7]: (i) patenting activity at universities and public research
centers, and (ii) the establishment and operation of TTOs.
Since then, many universities in the world have established
TTOs to manage and protect their intellectual property to
exploit and transfer technology/knowledge to industry [8].
Some authors have pointed out that the process of
commercializing university technology (e.g. patent and license
negotiations with industry) requires substantial resources for
intellectual property assistance [1], [9]. In this sense, these
authors have suggested the resources needed by TTOs to
successfully transfer technology from universities to industry
are [1]:

1. A larger multidisciplinary team with commercial
experience and links to the financial community;

2. Close public/private contacts willing to invest small to
medium-sized amounts of resources;

3. An organization organized as a separate entity with
control over triggers to motivate professors to work with
it;

4. Sufficient contacts to support the research team during the
process of spinning off new companies.

On the other hand, it is possible to find in the literature
some theoretical models to explain the process of UITT and
TTOs activity at universities [10]. The Technology Transfer
Office Model, for example, offers an adequate explanation on
these phenomena emphasizing the importance of TTOs to
successfully transferring technology/knowledge to industry [2]
[3]. In this model, a crucial function of the university-industry
technology management should be to identify key
organizational issues that promote successful technology/
knowledge transfer [2] [3]. Accordingly, the Technology
Transfer Office Model defines the role played by TTOs to
facilitate commercial knowledge transfers and technology
diffusion. In this process, licensing patents and other forms of
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intellectual property resulting from university research
(inventions) are at the core of these analyses [2], [3]. The main
objective in these analyses is thus to get insight on how some
barriers found when transferring technology/knowledge (e.g.
stakeholders with different motives and behaviors operating
within different environments) can slow down this process [2]
[3]. However, the main stakeholders in the process of
technology transfer are as follows [2] [3]:
1. University scientists who discover new technologies;
2. University technology managers and administrators who
serve as a liaison between academic scientists and

industry, and manage the university's intellectual
property;

3. Firms/entrepreneurs who commercialize university-based
technologies.

On the other hand, the Technology Transfer Office Model
agenda raises four important questions [2] [3]:

1. How stakeholders participating in UITT define the
outputs of this process;

2. How the formation of relationships, networks, or

boundary spanning behavior affect UITT;

What are the organizational/managerial barriers to UITT,;

4. How organizational factors and managerial behaviors can
improve to help facilitate UITT.

In the case of emerging economies, some forms of
collaboration between universities and firms are becoming
more important to guarantee successful practices in the
process of technology transfer to industry and TTOs activity at
universities [4], [5]. In these countries, universities are
increasingly being viewed as engines of innovation through
TTOs [5], [11]. In the same way, in the case of emerging
economies, intellectual property regimes and TTOs at
universities have had a reactive rather than a proactive
approach to technology transfer due to the differences in
maturity of technologies [5], [6].

It is worth saying that some authors have pointed out the
importance of time and how commercialization practices are
carried out to explain the difference between successful (and
not successful) TTOs practices at universities in developing
countries [5], [12]. In this case, TTOs learn through
experimentation and failure and eventually by sharing
experiences with other TTOs to improve the technology
transfer process [5], [12].

The case of some countries in Latino America, for example,
reveals how the process of UITT has been developed in the
case of emerging economies, and how TTOs operate at
universities in these cases to facilitate de process of
technology transfer. However, this paper shows the nature of
the stakeholders participating in the process of UITT, the
relationships and links between stakeholders participating in
this process, and the organizational and managerial barriers
found when developing this process. However, this paper
contributes to get insight on how some qualitative and
quantitative issues characterize the process of UITT and TTOs
in the case of emerging economies [13], [14].

»

B. Two Models of Technology Transfer

Two primary models in relation to UITT and TTOs have
emerged to support the technology transfer process:

1. The establishment of an internal institutional department
or office (TTOs);

2. The formation of an external company (Commercializing
Companies).

The adoption of a specific functioning financial scheme for
developing UITT activities at universities define how these
models within these activities are carried out at universities
[15]. For example, the establishment of an internal office or
TTO for transferring technology to industry concerns some
specific goals, mainly (i) to provide services to researchers
(inventors), (ii) to promote regional economic development,
and (iii) to generate incomes to stakeholders participating in
this process. The establishment of TTOs at universities implies
thus four reasons to advance academic technology transfer
[16]:

1. To facilitate the commercialization of research results for
the public good;

2. To reward, retain, and recruit high-quality researchers;

To build closer ties with industry;

4. To generate income for further research and education,
and thus to promote economic growth.

When centralized TTOs are incapable to meet these goals,
there are four alternative options for supporting and
facilitating technology transfer to industry [15]:

1. An external organization;

2. An individual and small internal TTO;

3. One TTO able to serve a consortium of several public
research organizations in a region

4. An office funded by the national government or a
philanthropy institution that could serve as TTO for
several public research institutions.

However, if the establishment of an internal office for
technology transfer does not fulfill its objectives, the
commercializing company model emerges as an alternative
scheme to facilitate UITT activities [17].

As some authors have already suggested, the
commercializing company model explains the generation of
cash flow through a variety of related business activities (e.g.
consulting, conference management, professional
development courses, and so forth) [15]. In this scheme,
commercializing companies and TTOs activities should be
understood as complementary in the process of technology
transfer. The commercializing company model has been
adapted to the process of UITT in many countries such as
Australia, India, Japan, South Africa and Russia [17]. In this
sense, from the perspective of the commercializing company
model, there are four main participating actors involved in the
process of technology transfer:

1. University scientists who discover new technologies;

2. University technology managers and administrative
personal who serve as a link between academic scientists
and industry;

3. Commercializing firms that
intellectual property;
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4. Entrepreneur firms who commercialize university-based
technologies.

Importantly, comparing to TTOs, commercializing
companies are for-profit corporations owned by universities
and driven by business objectives. Their mission is to generate
added value from research results obtained by university
researchers. In this sense, the main functions of the
commercializing companies are as follows [17]:

Identification of the most promising technologies;

Evaluation of commercial potential;

Intellectual property protection;

Design of a plan to create added value;

Early investments toward commercialization;

Search for investors;

Create spin-offs;

Negotiate licenses;

Manage the patent portfolio.

However there must be a link between TTOs and the
commercializing companies. In fact, collaboration between the
TTOs and the commercializing companies is a key issue to
successfully transfer technology from universities to industry.

0N LR

C.Complex Systems

In this paper, a systemic approach is adopted to discuss the
process of technology transfer and TTOs creation. This
approach allows exploring the theoretical and empirical basis
of these phenomena in that it contributes to get insight on the
nature of the relationships established between stakeholders. In
this sense, complex systems are characterized as self-
organizing, interdependent, and co-evolving systems [18].
Self-organizing system means that systems are formed by a
large number of elements that make up a system [18]-[20].
Interdependent system means that decisions and actions of one
agent may affect other agents’ decisions and actions [18]-[20].
This feature also suggests that the behavior of every individual
depends on the behavior of other individuals within the same
system [18]. Finally, evolution of a system is always to some
extent dependent on the evolution of other systems or agents
[18]. Four components set up a system and its structure [21]:

1. They are processes created through using stock-flow
chains;

2. They are characterized by information feedbacks;

3. They are subject to several policy implications;

4. They contain many time delays.

The challenge when modelling system dynamics models is
to establish the boundaries of a system to capture and
reproduce the actual behavior of it.

III. A THEORETICAL FRAMEWORK OF UITT AND TTOs

The Technology Transfer Office Model emphasizes the role
played by TTOs in the process UITT [2], [3]. A crucial
function of the university-industry technology management
should be to identify key organizational issues that promote
successful knowledge transfer. University management of
intellectual property through TTOs is however a relatively

new phenomenon. The role played by TTOs as the activities

that facilitate commercial knowledge transfers (or technology

diffusion) through licensing patents or other forms of
intellectual property resulting from university research

(inventions) [2], [3]. The main objective in this model is thus

to get insight on cultural and informational barriers found

when transferring knowledge, given that the stakeholders in
this process have different motives and behaviors operating
within different environments [2], [3]. In relation to this
approach, the main stakeholders in the process of UITT are as

follows [2] [3]:

1. University scientists who discover new technologies;

2. University technology managers and administrators who
serve as a liaison between academic scientists and
industry, and manage the university's intellectual
property;

3. Firms/entrepreneurs who commercialize university-based
technologies. Fig. 1 shows a general model of UITT and
TTOs creation from the perspective of the Technology
Transfer Office Model [2] [3].

The Technology Transfer Office Model considers that the
primary motive to technology transfer is to safeguard and to
market the university intellectual property to private firms [2],
[3]. In addition, this model includes the analysis of securing
additional research funds for universities via royalties and
licensing fees, sponsoring research agreements, and promoting
technological diffusion [2], [3]. Consequently, the Technology
Transfer Office Model contributes to get insight on how
stakeholders participating in UITT, how the formation of
relationships, networks, or boundary spanning behavior affect
UITT, what are the organizational/managerial barriers to
UITT, and how organizational factors and managerial
behaviors can improve to help facilitate UITT [2], [3]. To gain
insight on these questions, from the Technology Transfer
Office Model can be established some important propositions
[2], [3]. Nevertheless, the model developed in this paper may
also support the propositions resulting from the Technology
Transfer Office Model [2], [3].

IV. CONCLUSIONS

This paper analyzes the process of technology transfer and
the creation of TTOs in emerging economies. In this regard,
this paper discusses the resources needed to boost TTOs’
activities. However, these phenomena are quite different in the
case of emerging economies. It takes into account the
Technology Transfer Office Model as a theoretical framework
to develop a system dynamics model of UITT and TTO
activity in emerging economies. This model allows
establishing some important propositions in relation to these
phenomena. Finally, in relation to the question raised in this
paper, the structure of the technology transfer and TTOs
system in the case of emerging economies, suggests that the
structure of the system determines its behavior.
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