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Abstract

Technology Transfer (TT) process is complex and influenced by numerous factors.
Associated with this context, the recent and growing Digital Transformation has
impacted practically all sectors, through disruptive technologies such as the Internet
of Things (IoT), 5G and 6G networks, Industry 4.0, Digital Agriculture, and Artificial
Intelligence, among others. Thus, the present study intends to investigate the char-
acteristics of TT processes involving digital solutions generated by Public Research
Institutes, seeking to identify the factors that interfere in this process. A literature
review was carried out regarding the factors that influence a TT process focused on
digital technologies produced by Public Research Institutes, followed by the system-
atization of the findings and the proposition of a theoretical model. Thus, this study
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seeks to contribute to the understanding of the critical factors for the TT processes
associated with digital innovation.
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partnership — Technology Transfer

1 Introduction

Scientific and technological production is fundamental for the development
of a nation. Through it, are generated technological innovations that allow the
development of countries and companies, being, therefore, a strategic invest-
ment for maintaining relevance and competitiveness at a global level, espe-
cially for emerging economies (Amini Sedeh et al., 2022; Bengoa et al., 2021;
Ghobril et al.,, 2017). The path taken by technologies generated in Research
Institutes (R1s) to become innovation, for the benefit of society, is complex
and has numerous factors that impact it. Furthermore, knowledge production
(creativity) and its use (innovation), are valuable resources for maintaining
sustained competitive advantage (Anderson et al., 2014; Qian et al., 2022).

The Technology Transfer process is complex and involves different actors
in a coordinated flow of steps to achieve its main objective: that the techno-
logical knowledge developed in Research Institutes is transformed into new
products and services available to society. R1s are active both in scientific and
technological research and in the development of new products and services.
The ultimate goal is that the knowledge produced in research is translated,
in fact, into innovations for citizens and companies (Vicentino & Garbelotti,
2021). Furthermore, knowledge and Technology Transfer processes are crucial
for exploiting the state-of-the-art technologies produced by Rr1s and applying
them in solutions to real problems faced by companies on a daily basis (Olvera
et al., 2021).

TT has already been widely studied from different angles and under differ-
ent aspects, as pointed out by Bengoa et al. (2021), Qian et al. (2022), and Siegel
et al. (2023), however, given the increasing digitalization of the economy,
observed by technologies that are at our doorstep, such as IoT, Industry 4.0,
Digital Agriculture, 5G and 6G networks, intensive use of Artificial Intelligence,
saturation of marketplaces and emergence of new business models, among
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others, it becomes crucial to understand how these technological innovations
can impact the processes of knowledge production and its subsequent adop-
tion by society, as well as impact the TT processes (Bengoa et al., 2021; da Silva
et al., 2022; Galera-Zarco et al., 2020; He et al., 2020; Verhoef et al., 2021). This
accelerated digitization promotes new ways of producing and accessing goods
and services, also enabling the creation of new forms of relationships between
the actors of the innovation ecosystem, including strategic Alliances. So, it is
mandatory to deepen the knowledge about how this context affects the rela-
tions between actors in the innovation ecosystem (Autio et al., 2018; Bengoa
et al., 2021; He et al., 2020).

Thus, the present study intends to contribute to filling this gap regarding
the factors that interfere in the TT processes specifically involving digital tech-
nologies, as pointed out in several studies like Bengoa et al. (2021), Autio et al.
(2018) and He et al. (2020). Our assumption is that given the characteristics of
digital technologies, the factors that interfere in this process may be slightly
different or contribute with different degrees of influence on the outcome of
the process than other kinds of technologies. Another specificity adopted in
this work is the search for factors that are applicable to Public R1s since a large
part of the funding and promotion of technological research is supported by
organizations linked to governments (Etzkowitz & Zhou, 2017).

Recent publications on the subject of Technology Transfer were ana-
lyzed, and the 129 factors presented in the selected literature were clustered
into 4 components (Research Institute, Partner Company, Technology, and
Relationship) and 29 key factors for the Technology Transfer process involving
digital assets developed from Public R1s. So based on our findings, this study
unveils the 29 most influential factors that can contribute to the successful
Technology Transfer process.

The theoretical contribution of this study is to categorize the factors that
influence 1T specifically for digital technologies in four categories, therefore
proposing an analytical framework. In practical terms, the differences in fac-
tors that impact general technologies, and digital technologies will help man-
agers to better reach the outcome of TT, especially public managers of public
RI's optimizing the use of resources.

2 Theoretical Foundations
2.1 Creativity and Innovation
Technological innovation is fundamental for the development of a country,
being a main mechanism for productivity and allowing competitiveness at

a global level. Investing in innovation is strategic for companies and nations
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(Ghobril et al., 2017). According to the United Nations (UN), the creation,
development, and diffusion of innovations and technological knowledge,
including TT under mutually accepted agreements, are powerful drivers of
economic growth and sustainable development (Bengoa et al., 2021).

Until innovation is available for society, it has to accomplish an uncertain
and complex path. Additive (incremental) and multiplicative (radical) syner-
gies in the context of technological innovations are ways to innovate (Harrigan
et al.,, 2017; Rahman Malik et al., 2023). The emergence of strategies based
on Open Innovation (Chesbrough, 2003) and Technology Transfer (Kogut&
Zander, 1992) have been widely used in this context. However, Antonioli et al.
(2017) indicate that organizations resort to strategic partnerships as a way to
overcome the barriers inherent to the innovation process.

Creativity and innovation are interwoven (Amabile, 1988; Anderson et al.,
2014; Kuzior et al., 2024; Revilla, 2019; Rossi et al., 2024; Vladut et al., 2018).
Research has given attention to individual factors (Alhosani & Ahmad, 2024;
Fleischer & Wanckel, 2023; Sherief, 2019) as well as to social components (Koh
et al., 2019; Santiago-Torner, 2023; Suliman & Al Harthi, 2022; West et al., 2003)
stating that creativity is a complex and multilevel phenomenon (Anderson
et al., 2014; Houtgraaf et al., 2023).

According to the Systemic Model of Creativity (Csikszentmihalyi, 1999,
2014), the creative process depends on the interaction of three forces: the indi-
vidual, the field / organizational and institutional network, and the domain /
culture. In the view of Csikszentmihalyi (2014), the individual, from his skills
and knowledge in a particular domain, produces variations in this domain
which will be validated by the field, before being approved as innovations. The
field puts efforts into the implementation of these novel ideas to produce more
immediate results, through the exploration of products and services (Revilla,
2019). State, industry, and academia are typical actors in the field, according to
the systemic approach.

2.2 Technology Transfer
Technology Transfer can be understood as the process by which technological
knowledge generated in a Research Institute is transferred to another actor
for eventual finalization and refinement, to then be packaged into a solution
and made available on the market to society. In short, the transfer process is
characterized as a continuous interaction between scientific system actors
and organizations with other social subsystems and citizens (Mietzner &
Schultz, 2021).

Research in the field of Technology Transfer is not new, with the first pub-
lications on the subject dating back to the end of the 60s. Based on a broad
bibliometric study, Bengoa et. al.(2021) when analyzing the publications found
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in the field of TT, state that the literature covers a significant number of topics
and has already been studied from different angles, with the main focus being
on the economic perspective. Bengoa et. al. (2021) also present a list of the
25 journals that most publish on the subject, highlighting the top 4: Journal
of Technology Transfer (226), Research Policy (192), International Journal of
Technology Management (147), and Technovation (145).

Based on the literature, studies on human and organizational aspects of TT,
enabling factors and barriers to the efficiency of the TT process, and studies
on absorptive capacities in the context of TT stand out. Regarding the agents
involved in TT, most studies focus on aspects related to large companies, usu-
ally multinationals, in addition to TT processes involving the relationship
between university and industry (Bengoa et al., 2021).

In the literature, there are studies with different focuses on TT, such as: From
the perspective of Universities (Quifiones et al., 2019; Ravi & Janodia, 2022;
Temel et al,, 2021), from developing countries (Pusinhol, 2021; Ravi & Janodia,
2022; Shmeleva et al., 2021), from industry (Temel et al., 2021), from different
sectors of the economy (Min et al,, 2020), from the perspective of different
arrangements (Sutopo et al,, 2019), from the perspective of public Research
Institutes (Ko et al., 2021; Pusinhol et al., 2021; Singhai et al., 2021; Zhang et al,,
2022), etc. Even so, it was identified that more than 81% of the authors who
published on the TT topic have only one publication in the field, which gener-
ally indicates that the research field is new and has not yet reached maturity
(Bengoa et al., 2021).

Through a wide bibliometric review, Bengoa et al. (2021) brings that the
most cited work in the context of TT is the article “Knowledge of the firm, com-
binative capabilities, and the replication of technology”, published in 1992 by
Kogut & Zander, with over 5,000 citations on Web Of Science and over 20,000
in Google Scholar, in which the authors, when describing TT, point out char-
acteristics such as the combinative capabilities of organizations to synthesize
and organize the knowledge in a competitive environment context. This work
is not the first in the area and neither are the authors the most active in this
field, but this seminal study brings relevant reflections for the advancement in
the field of research and that is why it is so referenced.

There are several ways to promote Technology Transfer from RIs to society
and their implementation requires a deep understanding of the target mar-
ket, the ability to navigate complex legal and regulatory environments, and
the willingness to adapt and customize solutions to meet the unique needs
of each context. Chen et al. (2022), point out that the main forms of TT can be
grouped into 5 approaches: (i) Intellectual Property (1P) management, through
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patent licensing and other 1P exploitations; (ii) Alliances for TT, through tech-
nical cooperation agreements for co-development solutions or cooperations
to increase maturity and facilitate access to markets; (iii) Public research
spin-offs, through the creation of companies for joint exploitation of techno-
logical innovation opportunities; (iv) research contracts, through collabora-
tion on specific projects between RIs and companies; and, (v) non-commercial
transfers, through personnel exchanges and training, mobility of researchers,
and free provision of assets (Chen et al., 2022).

As arule, r1s, especially the public ones, face resource limitations, whether
in physical structure, financial and adequate personnel to conduct all phases
of development of a solution and make these innovations available to the mar-
ket. In this sense, it is essential to establish partnerships, in general, with the
private sector for co-development, co-production, or even licensing of prod-
ucts and services, to give the necessary refinement to the solutions besides giv-
ing scale to them (Antonioli et al., 2017; Ghobril et al., 2017; Massruha et al.,
2020). For companies, in turn, especially startups, one of the main attractions
of innovation is having a competitive product or service to take to market and
generate wealth, which will potentially be reinvested in R&D, in a virtuous
cycle (de Carvalho et al., 2020).

There are several stimuli for cooperation between different organizations,
among these reasons, the existence of barriers, whether financial, technologi-
cal, or otherwise, makes organizations more open to strategic partnerships
(Antonioli et al., 2017). Both to overcome these barriers and to provide faster
responses to the challenges faced in an environment of increased uncertainty
and greater risk, organizations have increasingly sought to establish coopera-
tion among themselves, this form of alliance has been commonly called Open
Innovation (Carayannis & Meissner, 2017). The most widespread and accepted
concept of Open Innovation comes from Chesbrough (2003), who defined it
as the use of intentional knowledge flows to accelerate internal innovative
power and expand markets for external use of innovation. In other words, it
is the sharing of knowledge between actors in an ecosystem to generate value
through the joint development of technological solutions, in various sectors,
with emphasis on interorganizational networks of cooperation for innovation
in the agricultural sector (Dias et al., 2019, 2021). The knowledge flow described
by Chesbrough (2003) is also a flow of cultures and experiences, as this sharing
allows the internalization of the innovation culture in the organization, essen-
tial in both Digital Transformation and Open Innovation (Burchardt & Maisch,
2019). This connection also enables the development of new businesses, espe-
cially digital ones (He et al., 2020).
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2.3 Triple Helix Model of Innovation

In the search for the ideal configuration to boost innovation, different propos-
als were systematized to explain the forms of organization that produced a
better result. One of the best-known models is the one proposed by Etzkowitz
and Leydesdorff (2000) and is based on the joint action of three relevant
actors of the ecosystem: the Government, companies, and universities. In this
model, the State acts as an innovation promoter and regulator; the Universities
(or RIs), act in scientific and technological production; and the Industry (or
companies in general), act as diffusers of innovations produced for society
(Etzkowitz, 2003; Etzkowitz et al., 2023). In the knowledge economy, the Triple
Helix model has been fundamental to explaining the generation of innovation
and how it has been achieved through the sharing of R&D activities (Pan &
Guo, 2022).

The process of Technology Transfer (TT) is strongly linked to the relation-
ship between the propellers of the triple helix model, with the critical rela-
tionship between academia (including public research centers) and industry
standing out. Collaboration between these two players is essential for TT to be
effective, as each brings complementary resources and capabilities. Academia,
through its research and innovation, provides knowledge and emerging tech-
nologies, while industry offers the means to commercialize these innova-
tions and meet market demands (Pan & Guo, 2022; Ranga & Etzkowitz, 2013).
Intellectual property management and strategic alliances for TT, for example,
are facilitated by partnerships between universities and companies, which can
co-develop technological solutions and accelerate the maturity of these tech-
nologies (Vicentino & Garbelotti, 2021).

In addition, the creation of public research spin-offs and collaboration on
specific projects between Public rR1s and companies demonstrates the synergy
needed for a successful TT process. These initiatives not only promote innova-
tion but also strengthen the internal capabilities of the organizations involved
(Perkmann et al., 2013). The continuous interaction between academia and
industry fosters an ecosystem where the culture of innovation is internal-
ized, allowing for quick and effective responses to market challenges. Thus,
by understanding these relationships and their background, it is possible to
gain valuable insights into how to maximize the impact of TT through policies
and practices that encourage strategic and continuous partnerships between
research centers and companies. Factors influencing TT, such as the culture
of innovation within institutions and the ability to adapt to market needs,
are amplified by close collaboration between these three pillars. The inter-
nalization of a culture of innovation, facilitated by interaction with different
actors, not only speeds up the TT process but also increases the robustness and
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resilience of the technological solutions developed (Carayannis & Campbell,
2009).

The Triple Helix model is the result of observing the movements between
these three key actors of the innovation ecosystem over time, especially
in the second half of the 20th century (Etzkowitz, 2003). In a good part of Latin
America, in some other countries, especially where governments were exer-
cised by military regimes, it was possible to observe the application of rigid
models of innovation, in which the State controlled private initiative and aca-
demia as well as their interactions, developing a top-down innovation model,
that is, a statist model of innovation.

Other experiences present a relationship classified by Etzkowitz (2003) as
laissez-faire, where the actors (government, industry, and academia) are seen
as independent of each other, and initiating an approximation, albeit timid,
with each other. In the Laissez-faire model, the university is seen as a trainer
of specialized labor for the industry, which does not have many expectations
regarding greater support from the university for its technological challenges.
In the Triple Helix model of innovation for social and economic development,
the three identified actors (helices) act together, helping to boost each other’s
activities and performance, in a win-win relationship. The main thesis of the
Triple Helix model is that the university is moving from a secondary role as a
workforce trainer and is starting to play an active role in the generation of new
ventures (Etzkowitz & Zhou, 2017). Figure 1 below presents the transformation
of the statist and laissez-faire models into the Triple Helix model of innovation
(Etzkowitz, 2003).

Etzkowitz (2003) presents that the Triple Helix model was originated from
the observation of the transformations that were perceived at the end of the
last century with these three institutions. The academy, the State, and the

FIGURE1  Evolution of the Triple Helix model from the Statist and Laissez-faire
models
SOURCE: ETZKOWITZ (2003: 302)
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companies began to act beyond their initial attributions to expand the gen-
eration of innovation. In this way, it was possible to observe how the acad-
emy, for example, became more concerned with the adoption of technologies
generated in its research. Thus, the University is no longer just a generator
of knowledge and has become an entrepreneurial university, increasing its
focus on actions that generate new ventures such as science parks, spin-offs,
and incubators. As a result, it is possible to see the emergence of new hybrid
organizations that integrate and combine characteristics of different helixes
(Champenois & Etzkowitz, 2018).

The Government, in turn, began to act more directly in fostering innovation,
generating structures and regulations to favor the generation of innovation
and TT. A widely cited example is the publication of the Bayh-dole Act of 1980,
by the US government, which regulated TT actions originated in research with
public funding, generating greater autonomy and security in the relationship
between private companies and universities (da Cruz & de Souza, 2015). On
the other hand, companies started to get more involved in R&D partnerships,
it is not difficult to observe the movement of large companies investing more
and more in startups, research, and innovation centers in conjunction with
universities and even with other companies. All this movement evidenced
how the coordinated action between the 3 helices enabled the emergence of
new arrangements, such as science parks, incubators, and spin-offs, among
others (Champenois & Etzkowitz, 2018; Etzkowitz, 2003; Olvera et al., 2021;
Pena, 2020).

2.4 Quadruple and Quintuple Helixes

Miller et al. (2018) claim that the Triple Helix model is basically a model that
drives innovation, based on knowledge generated in universities (RIs) to gen-
erate new technologies, also relying on financial support from the government
and financing from the private sector. This model was heavily criticized for
not meeting expectations regarding the generation of new jobs, the speed of
the creation of new technologies, and even the generation of new sources of
wealth. Innovation development cycles are generally long and expensive, given
the closed nature of this type of development (Miller et al., 2018). To address
the bottlenecks of this model, the quadruple helix model was presented by
Carayannis and Campbell (2009). The fourth helix represents the innovations
coming from society as a new actor in the process of creating innovation,
aligned with co-creation processes and greater cooperation between actors,
in line with the wishes of society (Machado et al., 2024; Mietzner & Schultz,
2021). The new model (quadruple helix), brings a greater emphasis on the pub-
lic’s view of innovation, reflecting their values, culture, art, lifestyles, and so
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on (da Silva et al.,, 2022) and the government and political system, addressing
the innovation system, needs to be democratic in substance, not only in form
(Carayannis & Campbell, 2022).

An evolution of the quadruple helix model was published by Carayannis
et al. (2012) to incorporate the environmental dimension into the innovation
process. This so-called quintuple helix model comes in the wake of increased
concern with environmental preservation and the perception that the environ-
ment and economic aspirations must be viewed as drivers in the production of
sustainable innovations and aligned with an agenda that places ecology at the
center of attention (Carayannis et al., 2012; Carayannis & Campbell, 2022; Pan
& Guo, 2022) and also points to the necessary socio-ecological transition of
society and the economy in the 21st century (Garcia et al., 2022). This fifth helix
model serves as a framework for transdisciplinary and interdisciplinary anal-
ysis in the realms of sustainable development and social ecology (Machado
et al, 2024).

2.5 TT and the Digital Innovation

The constant changes generated by digital technologies demand new skills
from institutions to adapt and remain productive and competitive. The new
paradigm for business and technology production, in general, has been Digital
Transformation (DT). DT presupposes the generation of value through digital
innovation in products, processes, and business models, even generating new
business areas (Camillo et al., 2020; Galera-Zarco et al., 2020). Basically, the
innovations in business models generated from Digital Transformation have
changed consumer expectations and habits, improving the customer experi-
ence and operational processes, and generating strong pressure on companies
to continue serving an increasingly demanding public (Galera-Zarco et al,,
2020; Verhoef et al., 2021).

In general, Digital Transformation goes through 3 phases: (i) Digitization,
where analog data are now stored in digital format and new systems are imple-
mented to support the business; (ii) Digitalization, in which new processes are
introduced through digital technologies, creating new communication, man-
agement, and delivery channels to customers, for example; (iii) and, finally,
the Digital Transformation itself, in which the company’s business models are
radically changed to make way for new strategies and ways to generate and
capture value through digital interaction (Verhoef et al., 2021). The implemen-
tation of a successful DT project involves developing the organization’s Digital
Capabilities, which consists of combining skills and processes to develop,
mobilize, and use the institution’s resources, supported by digital technolo-
gies, to meet challenges and generate value for the organization (Costa et al.,
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2020). Digital Capabilities form an important part of the so-called Dynamic
Capabilities, which according to Teece (2018a) are the company’s abilities to
integrate, develop, and reconfigure internal and external competencies to
respond to rapid changes in the environment.

Digital Transformation has been directly related to the development and
intensive use of new digital technologies, but it goes beyond the creation of
technological solutions, directly impacting the development of new skills, pro-
cesses, and models in order to generate the necessary responses to changes in
the environment (Galera-Zarco et al., 2020). The time when a new technology
by itself was already sufficient to generate and capture value for the institution
is gone. There are countless cases of companies that, having really disruptive
technologies at their fingertips, were unable to bring these technologies to the
market, enabling the adoption and value capture through these technologies
(Melo, 2018). Currently, it has been noticed that innovation in the business
model associated with a particular product/service has greater potential to
generate value than the product/service itself (Gassmann et al., 2020).

Capturing value in the digital economy poses different challenges from
those of the industrial economy. Technology licensing, for example, is one of
the most used models for capturing value in technology assets, at the same
time it is one of the most difficult to implement given its characteristics, even
more so in a context where interoperability has been widely used to gener-
ate of new business and connect different solutions from different suppliers
(Teece, 2018b).

Among the changes in companies’ business models, there is a distinc-
tion between business model adaptation and the so-called Business Model
Innovation (BM1). While the first can be understood as an improvement in the
model, the second is related to a radical change in the model, usually seeking
a disruption in the model and areas involved (Saebi et al.,, 2017). The authors
(2017) also point out that adaptation is a response, in general, to threats that
the firm faces, and innovation, in turn, occurs both by external factors and
is motivated by factors internal to the organization. The concept of business
model innovation is the result of three dimensions working together: innova-
tion in value creation, innovation in value proposition, and innovation in value
capture (Clauss, 2017).

With the impact generated by the digital revolution, organizations need to
prepare themselves for the challenges generated. With new possibilities, the
consumer market becomes increasingly demanding, and companies, in order
to remain competitive in this scenario, need to be aware of the new forms of
relationships, exchanges, and collective construction of value. These impacts
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will be observed in virtually all areas of knowledge, including influencing the
Technology Transfer processes (Bengoa et al., 2021). The rapid development
and adoption of new digital technologies have generated huge asymmetries
in the domain of these technologies between organizations, sectors, and even
between countries. This deficit in digital capabilities has been seen as a driver
for the establishment of strategic partnerships to assimilate new skills and
resources not available internally (Antonioli et al., 2017; Galera-Zarco et al.,
2020; He et al., 2020).

The growing adoption of digital technologies, increasingly complex and spe-
cialized, poses another challenge for the effectiveness of Technology Transfer
in this context: the lack of specialized personnel to work with cutting-edge
technology in topics such as IoT, Artificial Intelligence, Industry 4.0, Digital
Agriculture, robotics, 5G and 6G networks, among others (Kovaleski et al.,
2022; Verhoef et al., 2021). In the case of Industry 4.0, for example, the study by
Adebanjo et al. (2023) presents that, among the different aspects that impact
the ability to adopt Industry 4.0 technologies, the existence of qualified human
capital is the aspect that most impacts this implementation. Later, in order of
relevance, aspects such as interoperability and data use are pointed out, and
only then do aspects related to the availability of hardware, systems, security,
and infrastructure appear. Knowledge and technologies are developed and
generated by people, which makes the human factor essential for innovation
management processes (Carayannis & Meissner, 2017), especially in the con-
text of digital production, where human capital should be developed together
with technology (Adebanjo et al., 2023).

3 Methodology

This work seeks to identify in the literature, factors that influence the TT
process involving digital assets, preferably in the context of public Research
Institutes. Taking as a starting point the widely known work of Bozeman
(2000), later updated by Bozeman et al. (2015), searches were conducted in
the Web of Science and Scopus databases in search of papers that analyzed
the Technology Transfer process and consolidated key factors for the process.
Scopus and Web of Science were chosen because they are widely recognized
by the international scientific community as databases of excellence, covering
a wide variety of disciplines and providing comprehensive, multidisciplinary
coverage. In addition, both databases are particularly efficient at indexing
high-quality literature, as they apply strict selection criteria to the publications
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in question. This ensures that the sources used in the study of technology trans-
fer are reliable and that the research can benefit from a robust, peer-reviewed
database.

The search in the selected databases was carried out with the following
search argument: “TECHNOLOGY TRANSFER” AND (success OR antecedents
OR determinants OR barriers OR factors). The search was restricted to the last
five years and resulted in more than 190 works. The papers were read, initially
from the title, abstract, and keywords, and papers were sought that brought
an analysis on the key factors for TT success, the enablers of this process, as
well as models that explained a superior performance in partnerships involv-
ing mainly public research institutes. After removing articles that dealt with TT
exclusively between private organizations, international TT, and other aspects
of TT that do not dialogue with the objective of this research, six papers were

TABLE 1 Inclusion and exclusion criteria
Description ~ Reason for Reason for Examples of
inclusion exclusion excluded papers

Time period  Papers published between NA

2018—-2023
Conceptual — Studies that presenta — Studies focusing Lee, S et al. (2018);
boundaries list of factors or barri- on international ~Wang, M et al.
ers to TT process TT (2022)
— Public r1 - only — Studies that
studies that analyze mention only TT
the context of public between private
institutions companies
- Digital technologies.

Studies that focus on
digital impact in TT or
analyze the context of
digital technologies
Search terms - “TECHNOLOGY Searched terms are ~ Cadorin, E. et al.
TRANSFER” AND (suc- present but they are  (2021); Hotte, K.

cess OR antecedents  focused on other (2020); Coccia,
OR determinants OR  aspects of innova- M. (2018)
barriers or factors) tion, like ecosystems,

— Results Limited alliances not the fac-
to “Business, tors or barriers to TT
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TABLE 1 Inclusion and exclusion criteria (cont.)

Description  Reason for Reason for Examples of
inclusion exclusion excluded papers
Management
and Accounting”

OR “Economics,
Econometrics, and

Finance” categories in

the Scopus database
database — Scopus, Web of Science
Quality Empirical and theoretical Books, book chap-
criteria articles published in ters, conference
peer-reviewed journals proceedings

SOURCE: AUTHORS OF THIS ARTICLE (ASSUNGAO, DIAS AND DECHANDT)

then selected (Chis & Crisan, 2020; Ko et al., 2021; Pagani et al., 2020; Pertuz
et al,, 2021; Ravi & Janodia, 2022; Singhai et al., 2021), in addition to the initially
identified paper by Bozeman et al. (2015). Later, a seventh work was identified
(C. C. Pusinhol, 2021) and added to this review. Table 1 shows an overview of
the criteria used for inclusion and excursion of papers.

In possession of the selected articles, a new phase began, in which 129 key
factors were identified, arising from 7 studies identified in the previous phase.
The work by Pagani et al. (2020) was not considered at this stage because it
deals with generic aspects of TT. The identified factors are related to aspects of
the Research Institute, or transferor, of the technology, of the receiving com-
pany, of the political, legal, and environmental environment, among others.

For the next step, the identified factors were arranged in a virtual wall, each
factor being placed on a card and, subsequently, the cards were clustered in
order to join similar concepts, generating a grouping that synthesizes the idea
of the cards in each cluster. The card sorting technique was used in the clus-
tering using the Miro! collaborative platform, which allows a relatively easy
arrangement of cards and their free movement. The card sorting technique
may be used with an open or closed approach. In the closed approach, the
resulting categories are previously defined, while in the open approach,

1 MIRO collaborative platform, available at https://miro.com/.
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participants are free to define the categories that group the initial cards
(Spencer, 2009).

4 Results and Discussion

From a search in Scopus and Web Of Science databases, 8 recent works were
identified that dialogue with the focus of this research:(Bozeman et al., 2015;
Chis & Crisan, 2020; Ko et al,, 2021; Pagani et al.,, 2020; Pertuz et al., 2021;
Pusinhol, 2021; Ravi & Janodia, 2022; Singhai et al., 2021). Works were sought
that brought an analysis of the key factors for the success of TT, enablers of this
process, as well as models that explained a superior performance in partner-
ships involving mainly public R1s. Among the selected works, there are authors
from different countries, highlighting Brazil and India with two works each.
Colombia, the United States, South Korea, and Romania had one paper each.
Based on the findings, the key factors reported in the selected studies were
clustered according to similarity, thus generating a proposal with 4 compo-
nents divided into 29 factors with the potential to influence the outcome of
the TT process for digital assets. Below, in section 4.1, a brief summary of each
selected work will be presented, and, in section 4.2, the model resulting from
the analysis performed.

41 Selected Technology Transfer Models

I — Bozeman et al. (2015) — Contingent Effectiveness Model of TT

The model created by Bozeman in 2000, is called the Contingent Effectiveness
Model, in which the author describes a model with 5 key elements for innova-
tion and its characteristics: The transferring Agent, the Receiver, the Transferred
Technology, the Transferring Medium, and the Demanding Environment, these
5 elements being connected to an output with criteria to validate the model’s
effectiveness (Pena, 2020). That model was later updated in 2015 to include
public value as one of the validation criteria (Figure 2). In short, the two mod-
els are very similar and seek to highlight who is transferring technology, what
is being transferred, how, and to whom (Bozeman et al., 2015).

A striking feature of the model presented by Bozeman et al. (2015) is that
in addition to indicating the key factors associated with each component of
the model, it also brings potential gains or performance indicators for the
TT process, highlighting the public value in the updated model. This model
received influences from other models such as the Triple Helix (Etzkowitz &
Leydesdorff, 2000), Open Innovation (Chesbrough, 2003), and contributions
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FIGURE 2  Structure of the “contingent effectiveness model of technology transfer”
SOURCE: BOZEMAN ET AL. (2015)

from the Open Source movement, such as Creative Commons (Bozeman
et al,, 2015).

11 — Pagani et al. (2016, 2020) — Generic Model for Knowledge and Techno-
logy Transfer

Based on a systematic review concerning Technology Transfer models reported
in the literature, covering papers between 1990 and 2015, Pagani et al. (2016,
2020) identified that each published model reflected the needs of an organi-
zation in a given context. This helps to explain the differences in the mod-
els found and even some difficulty in transposing these models to different
realities. Thus, Pagani et al. (2016) developed a generic model, which can be
adapted and applied in different TT contexts.

This model is the result of other studies, including Bozeman (2000) and
Bozeman et al. (2015), and, for each component of the model, Pagani et al
(2016, 2020) detail how the element is formed. According to the authors (2016)
the TT process can be initiated by either the “transferor” or the “transferee”. The
“transferor”, which can be represented by the RI, the university, the research
center, and researchers, among others, starts the process when it seeks to
sell, license, or simply make its own technology available to third parties. The
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“transferee”, on the other hand, which can be represented by startups, pri-
vate companies, entrepreneurs, and technology investors, begins the process
when it seeks new technologies to acquire and invest in. As for the outputs
of this process, the development of new products, new production processes,
licenses, patents, agreements, new companies, etc is pointed out (Pagani et al.,
2016). The components of this model were not considered for final elaboration
of the key factors for the TT process because they represent a generic model for
TT and do not list concrete elements that can be evaluated.

111 — Chis & Crisan (2020) — Framework for success factors in TT

Understanding how TT processes can be enhanced and accelerated is a ques-

tion that intrigues researchers, entrepreneurs, and governments around the

world. The work developed by Chis & Crisan (2020), brings the proposition of

a framework that tries to systematize, based on a literature review and from

the perspective of the technology transmitter, the main factors that influence

the TT process.

The conceptual model presented by the authors (2020) shows that the 5
main categories are: The technology itself, organizational factors, external con-
text factors, factors related to the collaboration between the actors, and factors
related to the Absorptive Capacity of customers (or technology recipients). For
each of these categories, the factors that would be most related to the suc-
cess of the TT process were identified. Subsequently, the researchers (2020)
performed a field validation in the context of the GraphenegLife project in
Romania, and arrived at the following set of key factors:

— Technology-related factors: Availability of technology-related resources;
Value of technology to customers; Suitability, compatibility, and reliability
of the technology; Positions across the entire product value chain.

— Organization-related factors: Marketing and advertising culture; Mana-
gement role and engagement; Tactics and strategy; Economic; Academic
entrepreneurship; Patenting and intellectual property factors.

— Factors associated with the External Context: Regulatory factors; Environ-
mental, political, social, spatial, and temporal contextual factors; Support
from government and other institutions.

— Factors associated with Collaboration: Openness to collaboration; Techno-
logy Transfer offices; Commercialization capabilities; University-industry
links.

— Factors associated with the customer’s Absorptive Capacity: Non-techno-
logical capabilities of the customer; Technological capabilities of the cus-
tomer; Previous experience in collaborative projects.
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The design presented by Chis & Crisan (2020) is very close to the final design
proposed in this work, being that the elements related to the context were dis-
tributed in the other elements.

1V — Pertuz et al. (2021) — Success factors in the University-Industry colla-
boration process

The work by Pertuz et al. (2021), focused on the University-Industry collabora-
tion process, which is one of the possible paths for TT, where the University
(r1) makes the Technology Transfer to Industry and explores the main factors
that contribute to the success of these partnerships. In short, the authors (2021)
did a scoping review in the Web of Science and Scopus databases, looking pre-
cisely for the factors that influence in some way the partnerships between
Universities and the Market. Subsequently, the authors (2021) grouped these
factors into 4 dimensions: Structure, Strategy, Knowledge, and Relationships.
This article emphasizes the importance of communication and coordination
among stakeholders as well as the effective sharing of information and knowl-
edge for the successful development of joint projects. Moreover, fostering a
culture of mutual trust and respect is essential to build a solid foundation
for collaboration. The study by Pertuz et al. (2021) also notes that good gov-
ernance, clear definitions of roles and responsibilities, and the establishment
of dispute-resolution mechanisms are essential to ensure the efficiency and
sustainability of partnerships.

The authors (2021) further point out that combining knowledge and skills
from different areas leads to more comprehensive and creative solutions.
Overall, Pertuz et al. (2021) argue that effective communication, mutual trust,
good governance, adequate resources, leadership engagement, supportive
public policies, diversity, and continuous evaluation are essential for success-
ful university-business partnerships.

v — Ko et al. (zo021) — Factors affecting TT in public research institutes

For Ko et al. (2021) the factors influencing TT may be different depending on
the mission of the r1. The authors (2021) found, for example, that for public r1s
focused on research related to future growth, the number of human resources
involved in research is associated with a higher performance in TT, while this
relationship is inversely proportional when analyzing the TT performance
compared to total R1 budget, number of patents and published papers. In this
type of Research Institute, despite the interest in TT on the part of researchers,
the budget is prioritized for actions aimed at publishing papers. For r1s whose
mission is more closely related to public infrastructure, the number of patents
and the size of the team working in the technology licensing office are the
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factors that contribute most to the increase of TT cases in the R1. Finally, in r1s
connected with research on commercial products for small and medium-sized
companies, that is, focused on industrialization, the characteristics of this type
of product require solutions that are quickly launched on the market, thus
performance is associated with a higher number of patents and specialized
personnel to bring these solutions to market (Ko et al., 2021).

v1 — Singhai et al. (2021) — Conceptual model for successful TT from public
RIs for small and medium enterprises

Singhai et al. (2021), based on the experience with TT in India, systematized a
model with 18 factors that impact a successful TT process and grouped them
into 3 levels: (i) micro, focusing on mechanisms, actors and their role in TT;
(ii) meso, focusing on the support institutions, their activities, and roles; and
(iii) macro, focusing on TT support policies at different levels, as well as on
issues such as effectiveness, measurement, and evaluation of TT. To investigate
the main factors influencing TT, the authors (2021) used a structural equation
modeling-based approach. Among the main findings, the article indicates that
factors such as knowledge absorptive capacity, effective communication, and
mutual trust among organizations create an environment conducive to col-
laboration and sharing of resources and knowledge, facilitating Technology
Transfer.

The existence of partnerships between organizations that share common
goals and interests increases the chances of TT success. The work of Singhai
et al. (2021) also highlights that other factors are relevant to the success of TT
processes, such as resource support, including adequate funding and techno-
logical infrastructure, the regulatory and legal context, and the ability to pro-
tect intellectual property rights.

vII — Pusinhol (2021) — Effectiveness Factors to the process of technology
licensing

The research conducted by Pusinhol (2021), brings the result of a systematic
literature review on the effectiveness factors for the technology licensing pro-
cess based on public Rr1s. After identifying these factors, the author (2021) con-
ducted a survey with representatives of companies that entered into licensing
contracts with a Brazilian public RI in order to find out if these factors men-
tioned in the literature effectively had an impact on the licensing process
according to the view of these representatives. As a result, of the 38 factors
reported in the literature, only 24 had a level of agreement greater than 75%,
and were therefore considered in the model.
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Pusinhol’s work (2021), also evaluated the potential barriers to the licensing
process. Likewise, the main barriers to the process were raised in the literature,
and 15 factors were identified. When these factors were submitted to the repre-
sentatives of the licensed companies, only 3 obtained a level greater than 75%
of agreement between the respondents and were, therefore, considered in the
model presented by the author (2021).

vi1I — Ravi and Janodia (2022) — Main barriers in the process of TT between
university and industry

Ravi and Janodia (2022) indicate that the main barriers in the TT process
between university and industry, in the view of faculty members from 25
Indian universities are: (1) lack of adequate resources and infrastructure;
(2) lack of creativity and critical thinking in curricula; (3) overemphasis on
publications due to lack of knowledge about patenting, publishing, and com-
mercialization of research; (4) Intellectual Property offices or similar offices
serve only to meet statutory requirements; (5) lack of qualified people to man-
age Intellectual Property/TT activities; and (6) conflict between academic and
commercially viable research.

4.2 Synthesis of Models

The models studied make a significant contribution to the field of Technology
Transfer and focus on essential elements for TT. The components of the model
proposed by Bozeman (2000) do not necessarily indicate key factors for the
success of the TT process, especially those involving digital technologies, but
they do point to some essential elements in the process. For example, the need
for human capital in science and technology, as corroborated by Adebanjo
et al. (2023) and Carayannis and Meissner (2017). The work developed by Chis
& Crisan(2020) organizes the knowledge deposited in the literature of the area
according to 5 categories: the technology itself, organizational factors, external
context factors, factors related to collaboration between the actors, and fac-
tors related to the absorptive capacity of customers. This model by the authors
(2020) has a great deal of influence on the final result of this work by group-
ing the key factors into components that are very much in line with what is
proposed here. The critical success factors, as well as the barriers to the TT
process impact on different actors and phases of Technology Transfer, and can
be grouped in different ways, such as at the micro, meso, and macro levels,
according to (Singhai et al., 2021), in axes of action such as Structure, Strategy,
Knowledge and Relationships (Pertuz et al., 2021) and even according to the
actor/component of the model, as in (Ko et al., 2021) and (Bozeman et al., 2015).
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Despite the depth that each study brings to the field, these studies do not
focus on the scope designed in this research, which is to shed light on the key
factors that have to do with TT, especially for digital technologies which are
developed by public research centers. In this way, we hope to contribute to
advancing the understanding of the challenges for TT in the context of grow-
ing digitalization.

For purposes of organization and better understanding, the factors iden-
tified in the literature were grouped according to their connection with the
actors and components of the TT process. The generated groupings reflect
part of the studies found when reproducing the components partially found in
Bozeman et al. (2015) and Ko et al. (2021) among others, and will be distributed
as follows:

— Characteristics of Research Institute — Set of factors that derive from or
are related to the attributes of the institution that makes and transfers the
developed technology. In this grouping are items such as a dedicated TT
team, TT strategies, and internal RI policies.

— Characteristics of the Partner Company — Set of factors related to the
Company that receives the transferred technology. In this group are items
such as absorptive capacity, available resources, and previous experience in
TT projects;

— Technology Characteristics — Set of factors related to the innovation Asset,
the object of the TT. In this grouping are items such as technology matu-
rity level, degree of complexity, degree of innovativeness, impact capacity,
RO, etc.

— Partnership Characteristics — Set of factors related to the cooperation pro-
cess itself. This grouping includes items such as frequent communication
between members of the r1 and the partner company and clear contractual
definitions.

Based on this work, a conceptual model of the Technology Transfer process

with digital assets was elaborated, and a representation of this model is pre-

sented in Figure 3, below, according to which a Research Institute, through a

partnership, transfers technology to a partner company.

Based on the models found in the literature, the results of 7 studies were
analyzed (Bozeman et al., 2015; Chis & Crisan, 2020; Ko et al., 2021; Pertuz et al.,
2021; Pusinhol, 2021; Ravi & Janodia, 2022; Singhai et al., 2021), which iden-
tify key factors for the successful TT process in different contexts. Each work
analyzed, by itself, is already a review of key factors for the TT process and,
therefore, compiles a large part of what has been recently published on the
topic. The factors listed by each author listed above were arranged in an open
frame in order to be clustered according to the similarity of their concept or
the context in which the author related them. As a basis for this clustering,
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FIGURE 3  Proposed conceptual model of the TT process involving digital assets
SOURCE: AUTHORS OF THIS ARTICLE (ASSUNGAO, DIAS AND DECHANDT)

the categories reported above were pre-defined (Research Institute, Partner
Company, Technology, and Partnership).

As a result of the application of the clustering technique to the 129 factors
arising from the seven selected studies, 29 factors were identified that can affect
the successful TT process involving digital assets. It is necessary to emphasize
that the clustering performed seeks to reflect the findings in the literature, but
in certain cases, a factor can be grouped into a cluster whose label does not
exhaust the semantic possibilities of its components, but only captures the
central idea of the elements that compose it. As this is a craft work, the result
of this clustering takes into account the skill and knowledge of the researcher
who conducted the activity, and, therefore, it is possible that from the same
initial set of items, the result of the clustering is slightly different. Table 2 pres-
ents the 29 factors identified in this stage.

Each factor reproduced in the model proposed here is a grouping of the fac-
tors reported in the selected studies and a brief detail will be presented below:

Research Institute-related factors:

— Engagement between TT and R&D teams. In some organizations, when
the relationship between the TT and R&D teams is not close, the TT pro-
cesses take longer to be carried out, as knowledge does not flow from the
research team to the partner’s team. The lack of participation of the inven-
tor researchers in the formulation of the final product is often pointed out
as an obstacle to the process.

— Motivated and open team for collaborative processes. This factor refers to the
existence of processes aimed at reducing informational and cultural bar-
riers with partners, as well as increasing mutual trust, open dialogue, and
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TABLE 2 Proposed key factors for the TT process involving digital assets

Component

Factor

Source

Research Institute

Engagement between TT
and R&D teams

Bozeman et al., 2015; Chis &
Crisan, 2020; C. C. Pusinhol, 2021;

Motivated and open team
for collaborative processes

Chis & Crisan, 2020; Pertuz
et al.,, 202; Singhai et al., 2021;

Availability of Infrastructure
and adequate resources

Bozeman et al., 2015; Chis &
Crisan, 2020; Ko et al.,, 2021;
Pertuz et al., 2021; C. C. Pusinhol,
2021; Ravi & Janodia, 2022;
Singhai et al., 2021

Qualified and dimensioned
TT team

Chis & Crisan, 2020; Ko et al.,,
2021; C. C. Pusinhol, 2021; Ravi &
Janodia, 2022; Singhai et al., 2021

Communication actions

Chis & Crisan, 2020; C. C.

for TT Pusinhol, 2021; Singhai et al.,
2021
Qualified R&D team Bozeman et al., 2015; Ko et al.,

2021; Pertuz et al., 2021; C. C.
Pusinhol, 2021; Ravi & Janodia,

2022; Singhai et al., 2021

Well-defined 1P policy

Chis & Crisan, 2020; Ko et al.,
2021; Pertuz et al., 2021; Ravi &
Janodia, 2022

Relationship with the
ecosystem

Bozeman et al., 2015; Chis &
Crisan, 2020; C. C. Pusinhol, 2021;

Singhai et al., 2021

Top management support
for TT actions

Bozeman et al., 2015; Chis &

Crisan, 2020; Singhai et al., 2021
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TABLE 2 Proposed key factors for the TT process (cont.)

Component Factor Source
Social Impact Bozeman et al., 2015; Singhai

etal, 2021

Existing demand or with Bozeman et al., 2015; C. C.
the potential to be created ~ Pusinhol, 2021
Technical Quality of the Bozeman et al., 2015; Chis &
solution Crisan, 2020; Singhai et al., 2021
Competitive differential of  C. C. Pusinhol, 2021; Singhai
technology. et al., 2021

Technology Economic impact on the Bozeman et al., 2015; C. C.

(Transferred inno-

vation asset)

market

Pusinhol, 2021

The technology is technically Bozeman et al., 2015; Chis &

accessible

Crisan, 2020; C. C. Pusinhol, 2021

Financial Viability

Bozeman et al., 2015; Singhai
etal, 2021

Public value of technology

Bozeman et al., 2015; Chis &

Crisan, 2020;

Legal, political and/or envi-
ronmental restrictions

Bozeman et al., 2015; Chis &
Crisan, 2020;

Partner

Company

Qualified technical team

Bozeman et al., 2015; Singhai
etal., 2021

Capacity to scale the
business

Bozeman et al., 2015; Chis &
Crisan, 2020; C. C. Pusinhol, 2021

Capacity to scale the
technology

Bozeman et al., 2015; Pertuz

et al., 2021;
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TABLE 2 Proposed key factors for the TT process (cont.)

Component Factor Source
Absorptive capacity Bozeman et al., 2015; Chis &
Crisan, 2020; Pertuz et al., 2021;
C. C. Pusinhol, 2021
Digital Capabilities Chis & Crisan, 2020; Singhai

etal., 2021

Experience and Ability to
work in partnerships

Chis & Crisan, 2020; Pertuz
et al,, 2021; Singhai et al., 2021

Company location

Bozeman et al., 2015; Pertuz
et al., 2021

Effective and continuous
communication between

teams

Pertuz et al., 2021; C. C. Pusinhol,

2021; Singhai et al., 2021

Trust between teams
Partnership

Pertuz et al., 2021; Singhai
etal., 2021

(Relationship)
Contractual Relationship

Pertuz et al., 2021; C. C. Pusinhol,

2021

Transfer Mode

Bozeman et al., 2015; Chis &
Crisan, 2020; Singhai et al.,
2021

SOURCE: AUTHORS OF THIS ARTICLE (ASSUN(;AO, DIAS AND DECHANDT)

collaborative attitude (Chis & Crisan, 2020). Collaboration enhances knowl-

edge flow and for this reason, innovative environments are often reported as
collaborative. The management of activities related to collaboration as well
as the motivation of the team for these processes is critical for TT success

(Pertuz et al., 2021).

— Availability of Infrastructure and adequate resources. The existence of finan-
cial resources and infrastructure is considered essential for the develop-
ment of technologies and for the respective TT process. The lack of these
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resources compromises the scope and speed with which technologies can
reach the market.

— Qualified and dimensioned TT team. The execution of a successful TT pro-
cess depends in a special way on the capabilities of the team that deals
directly with TT. The existence of a dedicated and trained team in the differ-
ent aspects of TT is crucial for the flow of TT processes since it is this team
that will establish contracts, prospect new partnerships, and be the bridge
between research teams and partner institutions.

— Communication actions for TT: the structuring of regular marketing actions
as well as the development of an internal culture aimed at communicating
TT actions extends the reach of the organization’s technologies, especially
in the context of the digital economy where the emergence of new tech-
nologies and in ever shorter times, can generate difficulties for partners to
identify a good opportunity among so many offers on the market.

— Qualified R&D team. Technological production is ultimately done by peo-
ple, so the capacity of the R&D team is a differential and key factor for the
development of new technologies. In the context of digital innovation, this
investment becomes more relevant because, given the speed with which
new technologies emerge, the lack of adequate personnel to work with
these technologies can become a difficult bottleneck to overcome. Open
innovation has been widely used in this context to bring new skills to teams
and, among the advantages of establishing partnerships, the improve-
ment of human capital in Science and Technology is certainly one of the
most valued.

— Well-defined 1P Policy. The exploitation of the generated technologies
depends on the correct protection of its Intellectual Property. Thus, the exis-
tence of a well-defined policy can avoid problems in the establishment of
partnerships for the exploitation of technologies. Another point identified
is that there is a certain conflict between the generation of papers and the
generation of patents. Organizations that place greater value on the produc-
tion of papers are generally less effective in transferring technologies. The 1p
policy must be well-defined and disseminated by the organization.

— Relationship with the ecosystem. The (good) relationship with other actors in
the ecosystem facilitates the establishment of partnerships. Thus, the orga-
nization should seek greater contact with startups in the sector, government
agents, universities, and research centers as a way to generate connections
that can later become partnerships.

— Top management support for TT actions. Technology transfer should be
understood by top management as being strategic to the organization.
Institutions that have TT as part of their mission and have active policies
in this regard, in general, have greater chances of success in TT processes.
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Technology-related factors (transferred innovation assets):

— Social Impact. There is an increasing search for technologies that bring ben-
efits beyond the economic factor and have the potential to contribute to
social development. The advancement provided by new technologies must
be sustainable and generate improvements in several indicators such as the
socioeconomic ones (Singhai et al., 2021).

— Existing demand or with the potential to be created. One of the key factors
for adopting any technology is the existence of an identified or potential
demand for that technology. Sometimes, the organization has the ability to
induce demand by specific marketing actions or by launching other prod-
ucts that demand the technology in question.

— Technical Quality of the solution. The perception that potential customers
have about the quality of the technology offered is fundamental for the
adoption of this technology. Thus, the organization must strive for technical
quality, whether visual or material, performance, timeliness, usability, and
generating accurate and reliable information. In the case of mobile applica-
tions, for example, the interface must be actual, the response time must be
adequate, the functionalities must be complete for what is proposed, and
the process of acquisition, updating, and operation of the technology must
be at least at the same level of similar market solutions.

— Competitive differential of the technology. This factor concerns the increase
that this solution offers in relation to other solutions that may exist in the
market for the same problem. Technology has to offer something that differ-
entiates it from others. The greater the competitive differential, the greater
the chances of adoption, especially in digital technologies, which are
launched in less time and with more resources than the previous generation.

— Economic impact on the market. One of the main motivators for the produc-
tion and adoption of new technologies is the possibility of economic exploi-
tation of the intellectual property assets associated with the technology.
The economic value capture of disruptive technology has the potential to
generate significant movements, generate new business areas, and impact
the status quo of a given sector. The development of digital technologies is
even more sensitive to this factor because some really impactful and scal-
able solutions do not necessarily demand large structures to be generated.

— The technology is technically accessible. This factor is especially important
when you have technologies that require specific infrastructure or the
development of an entire supply chain to be disseminated. Sometimes the
technology is technically very good, but it depends on other technologies or
preconditions that are not yet well solved at the market level. Chis & Crisan
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(2020) indicate that all technology-related components must be supplied
such as materials, intermediate products, equipment, and the final product.

— Financial viability. This factor is simple to understand but sometimes
neglected. Is the investment generated in the technology, in the generation
of the partnership, in the finalization, in the scaling, and in the go-to-market
phase, is viable in face of the capture of value that is intended with this tech-
nology? Does the potential financial value to be captured with this technol-
ogy support the costs throughout its development and delivery cycle?

— Public value of technology. There has been a growing interest in the public
value generated by technologies, especially those originating from public
RIs. Among the success criteria of a technology is whether it contributes
to achieving the goals for which the institution was created. For example, a
public agricultural research company, in theory, should produce technolo-
gies aligned with the objectives of that company, such as increased produc-
tivity, greater food security, lower costs for producers, etc.

— Legal, political and/or environmental restrictions. These restrictions must
be closely observed and are sector-specific. In the context of digital tech-
nologies, attention is growing on the use of data, privacy, possible types of
processing, etc., giving the data subject more autonomy, but increasing the
transaction costs involved.

Factors related to the Partner company:

— Qualified technical team. The technical capacity of the technology receiver’s
team. Human capital in Science and Technology involves not only formal
knowledge but also tacit knowledge, know-how, previous experiences in
the field of application of the transferred technology, etc. (Bozeman, 2000;
Singhai et al., 2021).

— Capacity to scale the business. This factor brings together the characteristics
of the receiving company in being able to commercially meet the poten-
tial demand for the technology to be commercialized (Chis & Crisan, 2020).
Does the company have enough experience and robustness to perform
the necessary marketing actions to place the technology on the market
at the right time and under the right conditions? If necessary, does it have
the capacity to enter new markets?

— Capacity to scale the technology. This item concerns the technical, manu-
facturing, and production capabilities to scale the technology in order to
supply the expected market share. It involves the availability of resources,
the size of the production line, and previous experience in similar processes
(Bozeman et al., 2015; Pertuz et al., 2021).
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— Absorptive capacity. It is related to the capacity of the receiving company to
internalize the processes required to absorb the transferred technology. It
involves the existence of knowledge-sharing processes and the customers’
non-technological capabilities such as culture, motivation, and communi-
cation (Bozeman et al., 2015; Chis & Crisan, 2020; Pusinhol, 2021).

— Digital capabilities. A combination of digital business processes and skills
to mobilize the appropriate technological resources for the partnership to
perform well. It also involves business agility, trained personnel, and infra-
structure, connection with the ecosystem, and digitization of processes. In
general, private partners have more flexibility to provide these resources
than public organizations (Camillo et al., 2020; Chis & Crisan, 2020).

— Experience and ability to work in partnerships. The fact that a company has
already carried out at least one TT process makes some internal processes
known and facilitates the establishment of new partnerships. The TT pro-
cesses tend to be more fluid when the company has a culture open to shar-
ing, the partnership is stronger. Another key point in this factor is the ability
to share resources and costs involved in the process (Pertuz et al.,, 2021;
Singhai et al., 2021).

— Company location. Proximity to areas with high business density and/or
being located near innovation ecosystems such as science parks and innova-
tion districts facilitate the connection with companies and the emergence
of partnerships. Organizational proximity is taken as a preponderant factor
in choosing business partners (Pertuz et al., 2021).

Factors related to Partnership (Relationship):

— Effective and continuous communication between teams. Effective communi-
cation between the teams involved in the partnership is fundamental for its
success. Communication channels must be established and partner compa-
nies must maintain contact with researchers to transfer not only technology
and formal knowledge associated with it but also tacit knowledge. Contact
with the research team avoids potential technical barriers in the TT process
(Pertuz et al., 2021; Pusinhol, 2021).

— Trust between teams. It is crucial for the success of TT that teams trust each
other so that the transfer of technology and associated knowledge is com-
plete. For this, it is necessary to seek the establishment of common goals,
shared vision, respect for deadlines, and establish processes that allow
the increase of trust within the partnering relationship (Pertuz et al., 2021;
Singhai et al., 2021).

— Contractualrelationship.To avoid problems throughout the processand T, it
is important to establish and share the rules that will govern the partnership
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relationship. Establishing clear governance mechanisms is a good predictor
of the reduction of noise in the relationship (Pertuz et al., 2021).

— Transfer mode. The choice of the most appropriate TT model for each tech-
nology should be aligned with the organization’s strategy and with the
intended value capture. The most usual modalities are licensing, generat-
ing Spin-Offs, publishing papers, demonstrating technologies, exchanging
researchers, and research agreements, and even making them freely avail-
able. There is a certain pressure for the technologies generated by public
RIs to be made available for free, but the generation of new businesses, even
if monetized, does not distance the institution from its original mission.
Thus, more and more, it has been observed for example, the emergence of
movements such as the entrepreneurial university, which not only produces
knowledge and trains personnel but also generates new business opportuni-
ties (Bozeman et al., 2015; Etzkowitz & Zhou, 2017; Singhai et al., 2021).

5 Concluding Remarks

Creativity, technological production, and, ultimately, innovation have been
widely recognized as strong drivers of economic and social development,
both for companies and countries. The search for ways to boost innovation
has manifested itself in several ways, including through the growing interest of
academia in topics such as innovation, creativity, Technology Transfer, etc. The
number of studies on TT has grown considerably in the last two decades. Even
so, the topics covered do not exhaust the different compositions and arrange-
ments that can benefit from TT.

This study addresses recent research that has focused on the factors that
influence TT and seeks to condense the different studies into a conceptual
model for TT. We identified 29 factors that potentially affect the TT process,
especially for digital assets. Among the listed factors, some stand out in the
context of digital technologies and public Ris, such as the availability of
adequate infrastructure and resources, which was pointed out by all selected
papers as being crucial for the TT process. In some cases, digital technologies
require investment in new equipment and training of the R&D team, and in
emerging economies, it is not uncommon for public Ris to face budget difficul-
ties to meet these demands.

When observing the factors related to technology, several of them draw
attention, such as the technical quality of the solution, the competitive dif-
ferential, and its social and economic impacts. The need to previously identify
the demand for technology is another preponderant factor for the adoption of
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the technology, as well as the existence of the entire supply chain required for
the complete adoption of the technology. In the case of the partner company,
its absorptive, digital, and scalability capabilities that the company has stand
out, without leaving aside previous experience in TT projects. In the relation-
ship itself, the factors that stand out are, in addition to the selected transfer
modality, the establishment of a transparent contractual relationship, as well
as the generation of trust, and an effective flow of communication between
the parties involved.

5.1 Managerial Implications

As a social/managerial contribution, the identified factors help all actors in
the TT process to focus their efforts on strengthening actions that are identi-
fied as crucial to the success of the TT. Thus, managers, analysts, researchers,
and entrepreneurs can, from the beginning of the partnership, pay attention
to aspects of the Research Institute, the technology, the partner company, and
the relationship that are identified as critical to the success of the TT process,
prioritizing the choices that allow a higher level of return and security, enhanc-
ing the adoption of transferred technologies.

This study aims to contribute to a better understanding of the dynamics of
TT, in order to help Public Research Institutes in conducting the TT processes,
considering the eventual specificities that are inherent to this process when
the object of the transference is a digital solution. Thus, it is expected to con-
tribute to the improvement of the success rate in the TT processes, increasing
the adoption of technologies produced by Public r1s and eventually expand-
ing the revenues earned through these technologies.

5.2 Theoretical Implications

Although all the selected studies make significant contributions to under-
standing the field under study, this study has highlighted the growing and
recent digitization in the context of digital technologies developed by public
research centers. This approach offers a more precise look at the factors related
to these digital technologies in the TT process. When looking at factors related
to the partner, for example, in the context of digital technologies, proximity to
the research center, although desirable, is not seen as a factor as relevant as the
partner’s digital capabilities. This is because, given the nature of digital tech-
nologies, many exchanges are carried out by digital means and direct contact
with the research center is not essential. On the other hand, the partner’s abil-
ity to receive the transferred technologies, their processes, and related knowl-
edge and internalize it in their team in order to assimilate the transferred
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technology, is fundamental to the success of the TT process. This shows that
different types of technology (genetic, digital, biological, health, etc.) can have
their own nuances and these nuances must be observed throughout the TT
process in order to achieve a greater degree of success.

5.3 Limitations

The TT process is known to be complex and the present study did not intend
to exhaust the multitude of factors that may influence the TT processes for
digital assets, but only to identify the main ones from the recent literature,
based on works that are widely cited or with relative analysis density. Thus, it is
quite possible that other works, with equal scientific rigor, have been left out of
this analysis.

As the focus of this study, only papers related to public research institutes
and papers in the context of digital technologies were selected for this study.
So, it is possible that these criteria introduce some kind of bias in the sample,
and factors that can influence other kinds of assets can be not identified in
this study.

The 129 factors related in the literature and that were clustered in the 29
factors in the proposed model, were named based on the experience of the
authors, and different scholars could name some of these clusters (factors)
in a different way, but we tried to keep some level of coherence when doing
this activity.

5.4 Future Agenda

Overall, technological innovation is a critical factor in the progress and devel-
opment of society. It enables individuals and organizations to develop new
and innovative solutions to complex challenges, creating new opportunities
and driving economic growth. As technology continues to evolve and soci-
ety becomes increasingly interconnected, the importance of innovation, and
therefore Technology Transfer, will continue to grow. Thus, the deepening
of knowledge on how these processes develop and how to foster them shall
be the focus of further research over the next few years. As a suggestion for
future research, the application of the proposed model in one or more public
Research Institutes that work on the production of digital assets may help vali-
date and prioritize these factors.

This study focuses on the context of digital technologies and related to pub-
lic institutes, so a wider focus on other kinds of contexts can offer new oppor-
tunities to understand more deeply the factors that influence the process of
Technology Transfer.
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