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Abstract: Over the years, universities have been considered as research centers that seek to collaborate
with industries to create innovative products. This link has generated many concepts, among them
being the concept of technology transfer. The objective of this work is to present a systematic review
on the technology transfer generated in university-industry collaboration (UIC). Based on a review of
66 papers, the results presented in this article include the technology transfer (TT) models presented
in the literature, a description of the common elements in a transfer process, and a description of
the interaction between the elements involved, through the presentation of a conceptual model of
technology transfer in the context of collaboration between the university and the industry.
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1. Introduction

Currently, national laws are promoting the link between science and industry through tax benefits
or calls to access public funds. It should be noted that these measures serve to contribute to technology
transfer (Bozeman 2000; Etzkowitz 2000; Klofsten et al. 2010; Sábato and Botana 1968; Shane 2004b). In
the United States, with the creation of legislation for the patent procedure of universities and small
enterprises in 1980 (called the University and Small Business Patent Procedures Act or Bayh-Dole Act),
there was an increase in the interaction between science and industry, creating institutions that help to
transfer technology, called technology transfer offices (TTO) (Siegel et al. 2003).

In Europe, national legislation to promote the process of technology transfer (TT) has been
more recent. For example, in Germany, the equivalent of the Bayh-Dole Act occurred only 20 years
later in 2002 (Grimpe and Fier 2010). As a result, legislation has promoted collaboration between
universities and industry (called university-industry collaboration or UIC (Mascarenhas et al. 2018;
Vick and Robertson 2017)) and with it university TTOs have emerged, leading to growing patent
registration and improvements in this complex process in technological and organizational terms
(Anderson et al. 2007). It should be noted that universities have experience in TT processes due to active
interactions with industry; however, its mechanisms end up being informal with poor administration
as researchers have few management skills in the transfer process.

The process of technology transfer, which aims to bring research to an industrial product, is
an important point of innovation (Cohen et al. 2002). It is necessary to close the gaps between
research and commercialization to generate competitiveness in the industry (Nilsson et al. 2010). In the
particular case of university-industry collaboration (UIC), it can be seen that the two agents are clear
about the need to close these gaps and through them the process of technological transference arose.
Furthermore, universities have an objective (third mission) to support the innovation of the industry
through the creation of technological developments and research that are useful for commercialization
and competitiveness (Etzkowitz and Ranga 2013).
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TT is a very complex subject as there are many elements, social factors, and different mechanisms
involved during the process of the migration of university technology towards industry use
(Bozeman 2000; Perkmann et al. 2013; Siegel et al. 2004). Considering this complexity, in addition to
the increase of papers on the topic that has been seen in recent years (Figure 1), there is a great need to
review the literature to find common behaviors that help to simplify the understanding of technology
transfer in the context of collaboration between universities and the industry.
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Figure 1. Technology transfer term frequency in PROQUEST.

The aforementioned complexity and the large amount of literature that can be found on this
subject make it necessary to discuss different models of technology transfer, to present and understand
the elements involved, and to identify the relationship of technology transfer in the collaboration
between universities and industries.

In this literature review we tried to identify different models, elements, mechanisms, and factors
of different cases. The primary objective of this review was to identify and improve our understanding
of the common elements that occur in different models of technological transfer in university-industry
collaboration. To achieve this goal, the following activities were proposed: (1) Identify and present
the models found in the literature. In this part we present the model and its main characteristics.
(2) Identify and present the common elements in a TT process. In this part we present the elements of
a common transfer process and then present elements that appear in the context of UIC. (3) Present the
interaction between the elements within the UIC context. In this part we present each description of
the elements and then present how they interact with each other, developing a conceptual model that
furthers the understanding of this activity.

It should be noted that the term technology transfer has evolved to encompass a new term, namely
“knowledge transfer” (Cunningham et al. 2017). However, this research is limited to the process of
marketing a technology (also called technology transfer) and not to the interactions that exist in the
transfer process (knowledge transfer) (Miller et al. 2016).

Our paper is organized as follows. In Section 2, we describe the technological transfer as a model.
In Section 3, we discuss about the methodology followed in the systematic review of the literature,
and in Section 4, we present the findings. We conclude the paper with a discussion of our findings and
possible future work.
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2. Conceptual Background—Technological Transfer as Model

Before executing the SRL, it is necessary to define the concept of the TT model in the context of
UIC. In this section we present the definition of the TT model and its interactions with external factors.
This chapter is necessary to understand the selection of SRL keywords, the results presented, and the
conceptual model that is defined by the results.

TT, from the point of view of a model, involves key elements, processes, behaviors, and social
factors (Heslop et al. 2001). Landau, Maddock, Shoemaker, and Costello (Landau et al. 1982) pointed
out the need to see TT as a model that has a logical structure, where the key elements are the user who
acquires the technology, the content of the package, the technology to be transferred (within the form
of a technology transfer), and marketing or promotion.

It is necessary to conceive of the implementation of TT as a complex process (Spencer 1990)
in which all activities must be related in parallel. In addition, it is necessary to understand that
social and behavioral factors influence the successful development of the TT process (Choi 2009;
Galbraith et al. 2006; Heslop et al. 2001; Lulu et al. 1996; Pereira Fialho and Alberton de Lima 2005;
Purushotham et al. 2013; Waroonkun and Stewart 2008).

External factors, also known as environment factors, are also central to a TT model. In
this instance, they are social or behavioral factors. Thus, authors like Bozeman (Bozeman 2000;
Bozeman et al. 2015) call them the criteria of effectiveness, and Malik (2002) described them as
factors of influence, to highlight a few examples. Social or behavioral factors influence each agent
differently (Khabiri et al. 2012; Waroonkun and Stewart 2008). This influence is manifested many
times by the education, training, or confidence that the agents have obtained of the technology to
transfer (Choi 2009). Other important factors included in TT models are the level of technology
(Hoffmann et al. 2009; Landry and Amara 2012; Landry et al. 2013), the protection of the technology
transferred (Rahal and Rabelo 2006), as well as the promotion, marketing, and the marketing method
(Heslop et al. 2001; Landau et al. 1982). For the particular case of the collaboration of a university
with an industry, Perkmann (Perkmann et al. 2013) considered that the collaboration depended on the
“organizational context”, where depending on the work environment of the researchers, they will feel
more or less motivated to collaborate with the industry.

3. Research Design of the Literature Review

The systematic review of literature (SRL) aimed to identify the current status of a subject in
knowledge. For the present paper, we wanted to know the current knowledge on the processes,
elements, and important factors of technological transfer that occur in the collaboration between a
university and industry. In order to achieve this goal, it was proposed to follow the planning and
implementation of the review presented by Tranfield (Tranfield et al. 2003). An SRL is divided into
two stages. The first refers to planning and is responsible for defining the scope and limitations of the
literature review. In this stage you must define the criteria for articles to be included in the search. It is
also necessary to define the exclusion criteria, which will help to better focus the results presented.
Figure 2 shows the steps that were followed to select and conduct the systematic review. The first four
steps were used to plan the investigation and the last step, the revision of the complete text of the
papers, refers to the conduct of the systematic review of literature.
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As a first step, it is necessary to define the objectives of the systematic review of the literature.
For this paper, the objective was to identify the models, elements, and determining factors of the
technological transfer. This paper focused on the information technologies that were the product of
collaborations between universities and industries.

Then, as a second step it is necessary to center the scope of the search. The papers were selected
from the EBSCO, Emerald, ProQuest, IEEE, and Science Direct databases as well as the digital library
of the Latin-Ibero-American Association of Technology Management (ALTEC). The selection of ALTEC
was made as it has an interesting repository on innovation and technology transfer in Latin America.
Regarding the identification of keywords, it was decided that they must contain the terms technology
transfer and, university, industry, company, or government. Then, all of the papers were filtered to ensure
that they contained in the abstract the words mechanism, strategy, model, marketing, or policies. In this
step, the number of papers found was 478.

In the third step of the paper selection process, the exclusion criteria were applied. The first
criterion of exclusion was the year of publication. We only considered information from 1980 onwards
(Ohara 1981; Smits 1984) as since that year a much greater interest in the subject of UIC arose—a clear
example of which is the creation of the Bayh-Dole law. The second exclusion criterion was the interest
in topics related to information technologies, which excluded topics related to agriculture, fishery,
and biomedicine. These sectors were excluded as they have different transfer models, not only at the
university level with the industry, but also between the research institutes, which could distort the
literature on technology transfer in collaborations between universities and companies. In this step,
the number of papers found was 312.

For steps 4 and 5, tags were used in the papers read, which helped to identify whether or
not the paper should be excluded. These tags were divided into two types: actors (industry,
university, or government), and action (strategy, mechanism, marketing, model, or policy). For
actions, commercialization was not considered, as the extensive literature that exists in this area could
distort the different elements involved in the process of technological transfer. The first label, actors,
served to determine if the papers contributed in the literature on issues related to university-industry
collaboration; and the second label, action, determined whether the paper studied any action relevant
to the investigation. In sum, items that did not have any of these tags were excluded from the list. As
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a result of the process, 66 papers, 48 scientific papers, 16 ALTEC conferences, and two books were
selected, which were interestingly distributed.

Due to the amplitude of articles on the topic of technological transfer, this paper is unable to
cover several concepts. It is necessary to note that this paper does not take into account the absorption
capacity; neither does it go into detail about the level of technology that will be delivered to the agent.

4. Results

Figure 3 shows the evolution of papers published between 1982 and 2015. A very homogeneous
distribution was observed, showing increases in the years 2001, 2011, 2013, and 2014. Of the 50
papers found, it is shown that eight were published in the Journal of Technology Transfer. The rest of
the papers were published in other journals, such as Technovation, Research Policy, and Research
Technology Management.
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In the case of Latin America, the evolution of issues related to technology transfer in the context
of the collaboration between universities and industries has also grown. Figure 4 shows the increase in
papers presented at the ALTEC congress during the past years.
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In general, there has been a continuity of publications since 2000, with the term university-industry
collaboration being the most used. On the other hand, there are many issues related to startups, so
there have been studies that indicate that entrepreneurship is a technology transfer modality.

5. Discussion

Concerning the content found in the papers, the findings can be divided into three groups. The
first refers to papers that present models of technological transfer. This list consists of 10 papers and is
characterized by models based on one or several experiences of technology transfer in the context of
collaboration between universities and industries. The second group of findings is characterized by
case studies where the authors present their experiences in transferring a technology. Although these
papers do not present a model, it is possible to describe the elements that are necessary to transfer a
technology. This group describes the basic elements that must exist in a TT. Although each author
describes it in a different way, they have the same definition. It should be noted that in this group
a contribution is made in the division of transfer modalities and a mapping between the state of
technology and the transfer mechanism. The third group of findings presents the complementary
elements in TT for the UIC context. These elements are not fundamental to the transfer models;
however, they are very helpful for the transfer process to be carried out in the best way.

5.1. Approaches to Technology Transfer Models

With respect to the first group of findings, a prime example is the work of Bozeman, who presented
the “Contingent Effectiveness Technology Transfer Model”. This model highlighted two important
components: first, the determinants of effectiveness, which are those elements that help a transfer
be effective; and second, the criteria to generate effectiveness in the TT, which make up the process
environment (Bozeman 2000; Bozeman et al. 2015).

On the other hand, Malik (2002) described a TT model as something basic, as it is a process of
communication. The model considers a sender, a message, and a receiver. The same distribution of
elements can be found in the models of Bozeman (Bozeman 2000; Bozeman et al. 2015), Rubiralta (2004),
and Choi (2009). It should be noted that these authors presented their models based on the triple
helix (Etzkowitz 2000). Furthermore, Mayer and Blaas (2002) presented models of TT for different
situations in European countries where they placed the university as an emitter, the industry as a
receiver, and the transferred technology as the message. Although agents are repeated in all models,
the communication process (also called mechanism) differs greatly from the TT process. It is necessary
to emphasize that a TT process differs in some subjects; for example, the receiver can often become the
sender and vice versa for a single transfer. In the specific case of the collaboration between a university
and an industry, there is a process of validation and learning that is cyclical (Burnside and Witkin 2008;
Gorschek et al. 2006). Taking into account the Malik (2002) model, the “message”—which for the TT
process is technology, scientific knowledge, or any research result—can be presented in different ways
(the presentation is also known as the transfer medium) and the transfer process can be performed by
different mechanisms, which are known as transfer mechanisms (Heinzl et al. 2013). It should be noted
that authors such as Bozeman (Bozeman 2000; Bozeman et al. 2015), Rubiralta (2004), Malik (2002),
Waroonkun and Stewart (2008), and Khabiri (Khabiri et al. 2012) did not differentiate between the
medium and mechanism for the TT processes. However, other authors such as Landau (Landau et al.
1982) (who separated the middle element of the package from the marketing mechanism), Mayer and
Blaas (2002) (who separated what the university sends and what the industry receives), and Hoffmann
(Hoffmann et al. 2009) (for whom, according to the level of the object, the university used a different
medium and the transfer was performed in a different mechanism) differentiated the mediums from
the mechanisms.

The models presented by Mayer and Blaas (2002), Rubiralta (2004), and Kalnins and Jarohnovich
(2015) emphasized the presence of an intermediary because the “emitter” of technology has different
objectives, policies, and behaviors than the receiver. This new agent (later called the technology
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transfer office) has the role of translating the “messages” sent by both the university and industry (Lai
2011; Landry and Amara 2012; Mesquita and Popescu 2014). It is appreciated that the models have
common elements, which will be described below. Table 1 presents a summary of the models found in
the literature, where the methodology used for each paper to present the models of technology transfer
is highlighted.

Table 1. List of models of technology transfer (TT).

Year Author Range Key Factors of the Model Methodology

1982 Landau General model of
technology transfer

The model is focused on the transmission of
information.
The model considers the promotion of the
product as a main factor for the delivery of the
product.

Qualitative
(practical case)

2002 Malik Between areas of a
company

Based on the broadcasting process.
The model is presented for agents of the same
institution.
The model describes positive and negative
factors that influence the transfer process.

Qualitative
(conceptual model)

2002 Mayer and
Blass University-industry

The model presents different approaches that
can be used depending on the characteristics of
the agents.
The model describes the importance of a new
actor that allows for “translating” the language
spoken by the transmitter and receiver.

Qualitative
(practical case)

2004 Rubiralta University-industry

The model presents a system approach based
on the triple helix, where the main agents are
the university, as a creator of technology, the
industry, as a receiver of technology, and the
technology transfer office (TTO), as the
intermediary agent that supports the transfer
process.

Qualitative
(conceptual model)

2006

Gorschek,
Garre,
Larsson,
and Wohlin

University-industry
It is a model built from a particular case.
Describes seven steps that should be taken to
achieve technology transfer.

Qualitative
(practical case)

2008 Waroonkun
and Stewart

Between international
industries

The model considers that the transfer process is
influenced by the political and social
environment.
The model also describes the importance of
learning from past experiences for future
technology transfer processes.

Quantitative

2009
Hoffmann,
Amal and
Mais

University-company

The model describes that there are three levels
that university research can offer: level of
science, level of technology, and level of use.
The transfer can occur at any level.

Qualitative
(practical case)

2012
Khabiri,
Rast and
Senin

Between areas of a
company

It is a model based on the model presented by
Malik (Malik 2002), where the “great
environment” is added; that is, the legislative
environment that influences technology
transfer.

Qualitative
(conceptual model)

2015
Bozeman,
Rimes and
Youtie

General model of
technology transfer

The model considers criteria of effectiveness as
a fundamental factor for the transfer process.
In the update of the model presented in 2015,
the value of the public was added as a factor
that determines the success of a transfer.

Qualitative
(conceptual model)

2015 Kalnins and
Jarohnovich University-industry

The model describes that there is not only
formal technological transfer, but also informal
technological transfer.
The model is based on the fact that the
university currently has the mission of helping
the industry generate innovation.

Qualitative
(conceptual model)

5.2. Traditional Elements for Technology Transfer

Of the traditional elements of a technology transfer, it can be described that there is the transmitter
(donor or sender), receiver (transferee), transfer object, and mechanisms. In the case of the mechanism,
it can be seen that there is a discussion among the authors about the mechanisms and mediums. We
are going to finish this section by presenting a table that helps to map all the elements described, with
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the separation of mechanisms and mediums, and then we will present a conceptual model where the
interaction of the elements described above can be appreciated.

5.2.1. Transmitter, Sender, or Donor Agent

This first traditional element is one that develops the technology in laboratories; for example, the
university can be considered as a transmitter. Bozeman (Bozeman 2000; Bozeman et al. 2015) described
the transmitter as the person in charge of creating a technology (transferred object) to transfer it to the
receiving agent. This transfer is done through a mechanism: patents, licenses, exchange of personnel,
etc. On the other hand, authors such as Malik (2002), on the basis of the communication model,
recognized the transmitting agent as the sender and Waroonkun and Stewart (2008) described it as a
transferor or donor of technology.

It should be noted that a university does not only generate education, since it is known that one of
its main objectives is to support society in issues of technology generation. The university understands
that it has laboratories that surely industry does not have and that if it does not help, it will not be
possible to generate new technologies that in the long run could become innovations (Sætre et al. 2009).
Furthermore, the university can help small and medium-sized enterprises (SMEs), by acting as their
R&D (Research and Development) area so that, in the long term, these industries may grow and seek
to invest in more research. Although there are many benefits to university-industry ties, universities
must learn to work at the pace of the industry, that is, in times and milestones (Rahmany et al. 2013),
and to carry out specific and not necessarily fundamental research. For example, the United States
government in the 19th and 20th centuries was dedicated to solving problems relating to agriculture,
public health, and industry (Mowery 2011).

Currently, universities are generating measurable research, which can be published in a journal or
presented at a conference (Landry et al. 2013); many of these are patented and could be transferred
to the industry. The technology patented by a university can be offered to the industry through a
license or it can also be offered through a spin-off (Carrick 2014). This latter method of transfer is very
appreciated in academic entrepreneurship (Djokovic and Souitaris 2008; Shane 2004a).

On the other hand, the mediums of transference that universities share with industries are not only
formal (patents or licenses); there are also informal transfers, which are more common. Thus, informal
transfers such as the recruitment of a recent graduate or the reading of scientific publications are more
frequent than the licensing of patents (Hughes and Kitson 2012). Although the recruitment of graduates
or the reading of scientific publications do not have the main purpose of transferring technology, the
link with this medium allows industries to market technology developed in a university.

It is necessary to highlight that the research carried out by a university can be transferred
from basic and applied research. This can be seen in research related to engineering and science
(Hughes and Kitson 2012). This reality of the transfer of basic and applied research occurs because
the university investigates issues of importance to the industry within its society (Dai et al. 2005).
Nilsson, Rickne, and Bengtsson (Nilsson et al. 2010) reaffirmed the study and presented a classification
of the reasons why a researcher transfers their knowledge to a given industry, indicating that the
environment (society, transfer office, companies, and industry) is fundamental to the commercialization
of technology.

5.2.2. Receiver or Transferee Agent

The receiver is the element that receives the technology and is in charge of taking advantage of it
to generate innovation. Bozeman (Bozeman 2000; Bozeman et al. 2015) described this element as the
receiving agent; Malik (2002) as the receiver; and Waroonkun and Stewart (2008) as the transferee.

Unlike universities, industry has the objective of profitability (Brennan and Turnbull 2002) and
for this, the industry looks for technologies that generate this benefit. In this way, the industry
will always look for technologies that generate value, and UIC helps to achieve this purpose
(Fialho and Alberton de Lima 2001). This is why collaboration not only occurs when universities
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offer a technology, but also when the industry seeks to contribute to the creation of new technologies
or industries. The industry considers open innovation as part of its strategy and seeks to collaborate
with universities (Dalmarco et al. 2015). For example, we present the case studied by Sætre (Sætre et al.
2009), in which a Norwegian industry, which had contact with a university, sought out technology to
generate an intelligent engine.

It should be noted that the size of the industry does not matter for collaboration with a university.
Although size does not matter for collaboration, the industry must have experience in managing
projects (Okamuro and Nishimura 2013), as university researchers lack the management skills (Fialho
and Alberton de Lima 2001) or do not have time to perform such projects (Perez et al. 2011). It is also
important for the industry to understand how a university transfers its technology (Landry et al. 2013)
and to have experience in managing new technologies (Sætre et al. 2009).

5.2.3. The “Message” or Object

Another important element, which is presented by the authors, is the technology itself. Some
models present the technology under different names. For example, Malik (2002) presents it as “the
message” that will be sent from the sender to the receiver and Bozeman (2000) knows it as “the object”
that must be transferred during the TT process.

In the UIC context, the object is treated in different ways by the agents. The industry sees the
object from a perspective of the state of use of the technology, that is: exploration, validation, or
exploitation (Landry et al. 2013). The industry not only acquires technologies for exploitation, it also
acquires technologies that can explore or validate new knowledge. The industry seeks technologies
that generate, at some point, a value and are aligned with the objectives of the industry (Van den
Berghe and Guild 2008). In the case of a university, as a transmitter, the object developed and ready
to be transferred is found in three levels: science, technology, and use (Hoffmann et al. 2009). The
university not only transmits technology ready for use, but also technology that is at the science or
technology levels (Agrawal and Cockburn 2003).

These differences of perspective of the object, according to both universities and industries,
indicate that there are several modes of transfer (Dutrénit et al. 2010). On the one hand, we have the
formal modalities, which have as a main objective the generation of a clear transfer process. Among
the main media in this mode we have patents and prototypes (Hughes and Kitson 2012). On the other
hand, we have the informal modalities, which are not intended to generate a transfer process but the
process still exists. Among the main mediums we have the presentation of conferences and contraction
of investigation personnel (Agrawal and Cockburn 2003; Khakbaz 2012).

In conclusion, the industry does not make reference to the level at which the technology is in the
university, which is the reason why the object can be transferred at any level. The industry will only
use the technology that helps its strategy, generates a competitive advantage, or generates innovation,
regardless of the state of the technology transferred.

5.2.4. Mediums and Transfer Mechanisms

In the literature there is a disagreement about these elements. Some authors do not present
differences in mediums and mechanisms (Bozeman 2000; Malik 2002; Rubiralta 2004) while other
authors do present these elements in different ways (Hoffmann et al. 2009; Kalnins and Jarohnovich
2015). The mechanism refers to the tool that allows the object (technology) to be transferred, while the
medium is the form of presentation of the object.

Within the literature another element related to the mechanisms and mediums can also be found,
which is called the modality. In the literature, two modalities are described: the formal modality,
whose objective is to present and try to transfer the technology developed, and the informal modality,
whose objective is not to transfer technology but to present the “object” as an interest group and in the
process to generate a technological transfer (Kalnins and Jarohnovich 2015; Mayer and Blaas 2002).
It should be noted that the mechanisms and mediums used depend on the motivations and barriers
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which are consequences of the social and political factors that arise in the collaboration between agents
(Vick and Robertson 2017).

Table 2 shows the interaction between the objects and the mediums, mechanisms, and modalities.
It should be noted that the objects to be transferred can be presented by different mediums
(Cohen et al. 2002) and could use different transfer mechanisms. In the case of modality, informal and
formal ones are considered. A difference at the level of mechanisms and mediums can be observed.
There is only one mechanism that can be used by the two modalities, namely university spin-off,
which also a relationship with university entrepreneurship (Grimaldi et al. 2011; Perkmann et al. 2013;
Rothaermel et al. 2007). In the case of the exit, it can be seen that there is the use of technology and the
creation of companies, with or without legal restrictions. It is necessary to highlight that the literature
shows the concept of transferred knowledge, which aids in understanding the link between technology
transfer and knowledge transfer at the output level in the technology transfer process. The Table 2
was prepared on the basis of the papers of Bozeman (2000); Costa Leja et al. (2001); González et al.
(2013); Heinzl (Heinzl et al. 2013); Kalnins and Jarohnovich (2015); Khaleel Malik (2002); Nilsson
(Nilsson et al. 2010); Rubiralta (2004); and Bozeman et al. (2015).

Table 2. List of elements of a TT.

Transfer
Object

Transfer
Medium TT Mechanism Modality TT Process Output Stage of Use of

Technology

Scientific
knowledge
Prototype

Know-how
Process Design
Technological
development

Patents
License

Formal

Use of technology with legal
restrictions for use by the market Exploitation

University Spin-off Industry with legal restrictions Exploration, validation,
and exploitation

Prototype
License Use of technology with legal

restrictions for use by the market Exploitation

Contract of sale Use of technology without legal
restrictions for use by the market Exploitation

Investigation
study

License Use of technology with legal
restrictions for use by the market

Exploration, validation,
and exploitation

Contract of sale Use of technology without legal
restrictions for use by the market Exploitation

Delivery of technology
to industry

Use of technology with legal
restrictions for use by the market

Validation and
exploitation

University Spin-off Industry without legal restrictions Validation and
exploitation

Conference
Presentation

University Spin-off

Informal

Industry without legal restrictions Validation and
exploitation

Knowledge capture Transferred knowledge Exploration, validation,
and exploitation

Paper
publication

University Spin-off Industry without legal restrictions Validation and
exploitation

Knowledge capture Transferred knowledge Exploration, validation,
and exploitation

Movement of
research staff

University Spin-off Industry without legal restrictions Validation and
exploitation

Knowledge capture Transferred knowledge Exploration, validation,
and exploitation

Recruitment Transferred knowledge Exploration, validation,
and Exploitation

Informal
discussions

University Spin-off Industry without legal restrictions Validation and
exploitation

Knowledge capture Transferred knowledge Exploration, validation,
and exploitation

Table 2 also shows a relationship between the output of the transfer process and the state in which
the industry can use the technology. It must be described that the possible states of use, in which
the industry can use the technology, will depend on the combination of the medium, mechanism
and modality.
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Finally, it is necessary to describe the interaction that occurs in the technology transfer process
(Figure 5). As described above, this process occurs within the UIC context, in which there are social and
political factors that support or impede the TT process and where the collaboration occurs under the
mission of a university and an industry. Within the transfer process you can see the linear interaction
between the transmitter and receiver; however, the literature review shows that this process carries
with it a feedback that helps to improve future TT processes. The transfer process occurs in a medium
and that the mechanic serves as a vehicle that transports the technology.
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5.3. Complementary Elements for University-Industry Collaboration (UIC) Technology Transfer

The complementary elements are described as those that appear to adapt the models to real
situations. As mentioned above, the transfer model could be described as a linear process such as
a broadcast where an agent transmits a message to another. However, the literature describes other
agents that may facilitate or impede the transfer process.

5.3.1. Technological Transfer Office (TTO)

The centers, which generate knowledge and technology, such as universities, currently have a
channel through which the exchange of knowledge and technology has become more effective—this
known as the technology transfer office (TTO) (Mascarenhas et al. 2018). This office must be able to
find the most appropriate way to transfer the technology; as described above, there are many ways to
transfer technology, depending on the social and political context where it is developed (Carrick 2014).
In addition, it cannot be thought that the content of a paper is sufficient to transfer a technology, since
there are many barriers that prevent a good functioning of the UIC: communication, culture, motivation
of stakeholders (Brennan and Turnbull 2002), and political changes (Landry et al. 2013), as well as
lack of time on the part of the industry and poor identification of those responsible, among others
(Hughes and Kitson 2012). Therefore, it is necessary to have an agent that is exclusively responsible
for the UIC (Costa Leja et al. 2001).
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Thus, TTOs have arisen from the need for communication between universities and industries,
for the benefit of both. Currently, universities are concerned with creating a marketing culture for their
research and are looking for the most efficient TT mechanisms for each situation. In this way, they not
only focus on the reputation given by publications and conferences (Khakbaz 2012). This is why there
is a need to help researchers market their work (Nilsson et al. 2010) and encourage them to transfer
their creations so that they can feel protected (Khakbaz 2012).

A TTO is the axis that facilitates the commercialization of academic research, patent processing,
negotiation, and the management of active licenses (Rahmany et al. 2013). Its functions highlight
the support to connect researchers with users and graduates who are working across industries
(Mowery 2011). This implies that they are the link between universities and industries (Carrick 2014).
It should be noted that researchers do not necessarily use TTOs to generate a transfer; in some cases,
they have direct contact with the industry (Nilsson et al. 2010).

Thus, the role of the TTO is to seek research with greater potential in the market and commercialize
the given technology (Perez et al. 2011), including not only patentable research but also motivated
researchers interested in commercializing their research (Khakbaz 2012). TTOs aim to help transfer the
technology without harming the researcher (Sætre et al. 2009), as well as to support entrepreneurs in
advisory services to help strengthen the industry without undermining the raison d’être of a university,
which is teaching (Hughes and Kitson 2012).

In addition, TTOs have a strategic focus where their most important functions are to promote
cooperation, support agents with recruitment that allows a correct TT process, carry out monitoring
and cultural activities, and seek the good of society with the development of technologies
(Pereira Fialho and Alberton de Lima 2005; Perez et al. 2011).

5.3.2. Policies

Previously, different agents have been defined that involve TT, but nothing has been explained
regarding the environment. In this sense, authors such as Rubiralta (2004), Bozeman (Bozeman 2000;
Bozeman et al. 2015), and Malik (2002), among others, have highlighted the legal environment, which
is why it is necessary to review what various authors have explained about policies.

The State is creating policies that facilitate the creation of innovation funds to help
entrepreneurship and research of technological value. These policies also favor investment by
industries (Dai et al. 2005; Shane 2004b) and the promotion of local infrastructure (Sætre et al. 2009)
and the networks of external suppliers (Khakbaz 2012). At the same time, this improves the culture
of research and entrepreneurship because policies are linked to culture (Botelho and Almeida 2011),
as well as contributes to the construction of new skills that are necessary in the interaction between
research and its application (Mascarenhas et al. 2018).

Policies are part of the legal framework in which technology transfers take place; not having
good policies makes this process difficult. Like TTOs, they are not a determinant in the UIC
relationship, but they are important (Mowery 2011). In this context, the State is the main actor
regarding the policy of innovation and technological transference between agents such as universities
and companies. A clear example is Brazil, where industries are not investing in R&D or developing
patents (Stal and Fujino 2005), so policies are currently being developed that help the UIC relationship
generate innovation. In response to state policies, universities are also creating their own (Botelho and
Almeida 2011). In short, all policies must be clear so that universities and industries are aware of their
functions (Shane 2004b).

In the field of universities, there is also a contribution in the policies. It is known that the decisions
of senior managers directly influence the UIC (Okamuro and Nishimura 2013) and that a graduate
who wants to sell their technology or start a venture could not last long without the help of a university
or industry (Sætre et al. 2009). Therefore, universities are seeking to create more flexible and equitable
policies through which industry becomes an ally (Okamuro and Nishimura 2013) without losing one
of the university’s fundamental objectives: teaching (Carlsson and Fridh 2002). On the other hand, the
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university must create policies that allow efficient access to technology; for example, thinking about
the protection of exclusive privileges for long periods is incompatible with the needs of the consuming
public and the speed of production (Tocach 2011).

6. Discussions of Our Finding and a Future Research Agenda

In this paper, we tried to contribute in two important aspects with a systematic review of the
literature. First, we showed the common elements used in a general technology transfer model. That is,
the transmitter, receiver, medium and mechanism, and the message. We emphasized that some models
recognize the mechanism as a way of transfer, although others do differentiate between the mediums
and the mechanism. The medium refers to the presentation of the object to be transferred such as a
patent, prototype, or a paper, while the mechanism is the way in which the presentation of the object
will be transferred. It is necessary to emphasize that in Table 2 the mediums and mechanisms are
classified into two columns.

Furthermore, we found literature on complementary elements in technology transfer, which are
important in the transfer process, but are not fundamental requirements for carrying out the process.
First, we found information on technology transfer offices, which serve as communication supports
between the transmitter and the receiver. In the particular case of the transfer in university-industry
collaboration, the role of the office is as an intermediary, as agents have different institutional objectives
and each one seeks to comply with the others. Second, we contracted policy information, which has
a role as a controller and regulator of the transfer process. These policies are displayed both in the
receiver and transmitter and in the “environment where the transfer is made. A clear example of the
“environment” is the incentives for the generation of university-industry collaboration promoted by
the State.

The second contribution has to do with a conceptual model of technology transfer, presented on a
graph and complemented by a table that helped us show all the objects that can be transferred, the
modality of the transfer, the output of the process, and the state of the technology to be used after the
TT process. The table shows the transfer mode, which serves to differentiate the context in which the
technology is transferred. In the literature review, the mode was classified as: (1) formal, which refers
to a context controlled by entities related to technology transfer; and (2) informal, which does not have
any entity related to the transfer but performs the process. The “TT process output” is another column
of Table 2; it describes whether the technology is intended for use with or without legal restrictions,
and whether it generates new knowledge or the creation of a venture. The last column of Table 2
shows the state of the technology that has been transferred. We found that technology could not only
be transferred in a state of exploitation but could also be transferred in validation and exploration
states. The graph shows the interaction of components and the presence of an “environment” that
allows optimal interaction between agents. It also shows us that the interaction is not linear; rather, it
is a system where the receiving and transmitting agents not only fulfill their roles of transfer, but also
learn in the process.

The paper has its limitations due to the selection of keywords that were included and excluded.
It is necessary to highlight that IT keywords were included as keywords, while subjects related to
agriculture, fisheries, and biomedicine were excluded. Therefore, a greater conceptualization of
research on issues of technology transfer was necessary. With respect to a future research agenda, it is
necessary to study the informal aspects in the transfer mechanism. As described in the literature, not
only can a technology be transferred through a license or contract for research, it can also be transferred
through an academic enterprise. Future research could focus on entrepreneurship from the point of
view of a technological transfer model. It should be noted that collaboration between universities and
industries can generate not only technology for a company, but also the entrepreneurship of some
agent of the university It would be interesting to know, through case studies, the technological transfer
in the context of university-industry collaboration.
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Finally, the knowledge that this paper contributes can be complemented by topics such as the
capacity of absorption, which will help in the understanding of the capacity that an industry has
for the technology delivered by the university. Another interesting topic that can be investigated in
future research is the level of technology; although this article maps out the object delivered by the
university and the level of use of technology, it does not go into detail about the levels of technology
that agents have.

7. Conclusions

In this SRL, we showed that there was a considerable amount of studies on models and elements
of technology transfer. The literature review showed the development of technological transfer models
in recent times, as well as the common elements that authors used when defining their models.

This research contributes to the theoretical knowledge of the topics related to technology transfer.
First, it will help researchers with new insights about the different elements. Second, the classification
and tuning of the literature will help the discussion of the different contexts in which the elements can
be identified and can be seen from different perspectives.

Additionally, the literature review has implications in practice. Our literature review can serve
as a guide for technology transfer offices as the paper defines the elements and main factors in a
technology transfer process. For example, the literature describes different ways of transferring an
object created by a transmitter, which were presented as formal and informal mediums. Furthermore,
another clear example, which the offices could take into consideration, is that there is no dependence
between the transfer mechanisms and the levels of use of the technology. Therefore, the technology
could be transferred when it is already in validation, exploitation, or exploration stages.

In the particular case of Latin America, the literature shows a growing interest in topics related
to TT, where it can be seen that there are more papers related to TT in the context of collaboration
between universities and industries. We also found papers that described the operation of TT, from
practical cases regarding patents to academic entrepreneurship.

On the other hand, the description of the models is a fundamental factor, as they help elucidate
the process of TT and formalize communications. Thus, on the part of the authors, great effort was
made to imply that TT is a process that is affected by the external environment (social, behavioral, and
legislative factors). There were also different approaches to correctly define transfer paths. For example,
Bozeman (Bozeman 2000; Bozeman et al. 2015) described all types of medium as a mechanism, but
Hoffmann (Hoffmann et al. 2009) differentiated the form of transference (mechanism) to university
(medium) production, because production can be presented in different ways (patents, conferences,
prototypes, etc.), but does not guarantee the transfer. It is possible to conclude that the models
presented by Gorschek (Gorschek et al. 2006), Khabiri (Khabiri et al. 2012), and Malik (Malik 2002)
had linear processes and formal TT mechanisms, whereas other models presented by Bozeman (2000),
Mayer and Blaas (2002), Rubiralta (2004), and Bozeman et al. (2015) presented more systemic models,
using mechanisms that may be formal or informal.
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