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Abstract

Technology transfer (TT) is essential in transform-
ing and mobilizing technological knowledge from 
public research institutes (PRIs) and universities 

into innovations. The concept of TT has become the center 
of scholarly attention since implementing the Bayh-Dole 
Act in 1980. In its progression, TT models and practices 
varied across organizations. The standard adopted model 
at Indonesian PRIs and universities is the dissemination 
model. This classic model is problematic yet suitable for 
technological knowledge production within these organi-
zations. Consequently, TT performance could be better; 
only a few technologies were successfully commercialized 

and became innovations. Meanwhile, most research re-
sults ended as publications and new intellectual properties. 
Therefore, a new model needs to enhance the TT processes. 
This study uses a multiple-case study approach to concep-
tualize a “seamless” technology transfer model. This model 
provides a holistic view of processes and components of 
technology transfer in the dimensions of knowledge cre-
ation, diffusion, and absorption, which are intertwined. 
The model differs from the existing concept that segregates 
components in each dimension; it allows actors and de-
terminants to be involved (or utilized) in multiple dimen-
sions to cater to a better TT process.
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Introduction
Technology transfer (TT) is a peculiar phenomenon 
among countries, organizations, and individuals. It 
has drawn scholarly attention since the realization of 
the Bayh-Dole Act in 1980. At that time, the US gov-
ernment was concerned about the low utilization rate 
of their patents; among 28,000 patents, less than 5% 
were licensed to industries (USGAO, 1998). This act 
became the foundation of funded technology com-
mercialization by universities, not-for-profits, and 
small businesses. The TT concept evolved into broad 
discourses in its progression, and scholars agreed that 
it could substantially benefit nations and organizations 
(Mansfield, 1975; Mayer, Blaas, 2002; Ramanathan, 
2011). Through TT, research institutions can increase 
economic innovation and productivity, create jobs, 
and help overcome social problems (Zuniga, Correa, 
2013). TT processes push R&D results into industrial 
innovation and create more value in society (Cohen et 
al., 2002).
Furthermore, various TT models have been produced 
over time, yet need more consensus on ideal imple-
mentation. The notable models are the Bar-Zakay 
model (Bar-Zakay, 1970; Ramanathan, 2011; Wahab 
et al., 2009) model, (2) “the appropriability model” 
(Devine et al., 1987; Gibson, Smilor, 1991), (3) “the 
dissemination model” (Rogers, Kincaid, 1981), (4) the 

“knowledge utilization model,” (5) the (Gibson, Smilor, 
1991) model, (6) the “contingent model” (Bozeman, 
2000; Bozeman et al., 2014), and (7) the “interactive-
recursive model” (Eckl, 2012). However, empirical 
evidence on implementing these models is still being 
determined.
Furthermore, the TT process focuses on commercial-
izing R&D results from the academic staff and students 
in the university context. The process encompasses 
two paths, (1) dropping the discovery off at the tech-
nology transfer office (TTO) for acquiring licenses and 
(2) embarking on the entrepreneurial journey with a 
spin-off company (Nilsson et al., 2010). Meanwhile, in 
PRIs, licensing the technology through TTO became 
the most popular strategy to push the R&D results into 
innovation (Buenstorf, Geissler, 2012). Although the 
commercialization options between PRIs and univer-
sities differ, both entities have a similar pattern in the 
TT generic process.  
As TT literature evolved, it became rich in the relevant 
country’s characteristics. The production of knowledge 
regarding TT flows from developed countries into de-
veloping ones. The developing countries have different 
settings and provide vast opportunities to be explored 
for TT conceptualization. As one of the developing 
countries in Southeast Asia, Indonesia has some pecu-
liar traits regarding TT processes at the PRIs and uni-
versities. Contemporarily, Indonesian PRIs and univer-
sities faced the same problem as the US in the 1980s, as 
most produced patents could not be commercialized. 

For example, among the 1,226 patents registered with 
the Indonesian Institute of Sciences (we now call Na-
tional Research and Innovation Agency - BRIN), less 
than 2% have been commercialized (until the end of 
2021). The most common technology transfer model 
these organizations adopt is the dissemination model. 
However, the application involves prominent actors 
such as the technology transfer office (TTO) and sci-
ence-techno park (STP). This model relies on the sup-
ply push transfer direction, where the technology pro-
ducer starts the transfer process to push the technol-
ogy toward the market (Lane, 1999). This classic model 
needs to be revised as it makes PRIs underperform-
ing in terms of commercialization (Choe, Ji, 2019). It 
is suitable for the nature of technology production of 
Indonesian PRIs and universities. Hence, there is an 
urgent need to renew the current model while adjust-
ing to the nature of existing innovation processes.     
Further, Indonesia has enacted Law No. 11 of 2019 
concerning the National System of Science and Tech-
nology1. This law renews the structure of government 
science and technology-related agencies and integrates 
several PRIs into a single super body (BRIN). It also 
regulates the technology transfer process, yet it does 
less comprehensively. Thus, deficiencies need to be 
addressed by developing a model and mechanism of 
technology transfer and this study intends to investi-
gate several models of technology transfer implemen-
tation at PRIs.
The Seamless TT model, when connected with many 
processes in Indonesia today, is one of the references 
that is based on the processes carried out at each PRI 
and university. The TT process’s essence is based on 
research and development results. If the Seamless TT 
model is used, it will be an effective formulation as it 
considers several descriptions of each process, all of 
which are needed and interconnected. Generally, the 
processes carried out at PRIs and universities have var-
ious characteristics and factors, each part of an inte-
grated and interdependent process in Indonesia. These 
TT practices have been repeatedly tested by referring 
to the characteristics and patterns of the sequence of 
processes adapted to the implementation in each place, 
no matter the principles. On the other hand, the TT 
Seamless model process has been adjusted to the con-
ditions of technology empowerment, human resources, 
research and development products, product and tech-
nology users, and applicable policies and regulations 
so that the application of this model takes into account 
the conditions and situation in Indonesia and consid-
ers existing market needs.

Literature Study
Technology transfer is a process of the transmission or 
movement of knowledge (sometimes followed by physi-
cal infrastructure). It is intended for the use, further de-
velopment, or commercialization by other parties, be it 
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between parties within the same organization, those at 
different organizations, or even between parties in dif-
ferent countries (Halili, 2020; Lavoie, Daim, 2020).
Technology transfer has six stages: “technology inno-
vation, technology confirmation, targeting technol-
ogy consumers, technology marketing, technology 
application, technology evaluation” (Risdon, 1992). 
Each stage involves several activities. For example, in 
technology development, activities begin with finding 
financial support, conducting research, discovering 
new technologies, protecting intellectual property, and 
appraising the technology. In the technology utiliza-
tion stage, activities are continued with prototyping, 
finding counterparts, manufacturing, marketing, and 
others. The final stage, the return of benefits, involves 
distributing financial benefits (Asmoro, 2017).

Technology Production at PRIs and Universities
Public research institutes have become substantial 
sources of today’s innovations, regardless of their nu-
merous underutilized inventions and R&D results. 
Among those great inventions, only a few innovations 
with significant value became widely known. Com-
mercializing these inventions is complex and difficult, 
as most are not market-ready products (Buenstorf, 
Geissler, 2012). In addition, developing commercial 
products from inventions and pushing them onto the 
marketplace is separate from scientists’ regular jobs. 
Thus, it is common for PRIs to establish a technology 
licensing office (TLO) or technology transfer office 
(TTO) to do the job. The TTO has a dynamic relation-
ship with the PRI and firms, acting as an intermediary 
between these entities (Min et al., 2020). 
Conversely, professors and their students are the pro-
ducers of innovations at  universities. Their ideation 
processes are more fluid than those at PRIs. A uni-
versity’s commercialization path diverges into two 
streams, (1) outward licensing and (2) establishing 
spin-off companies. Public-private partnerships, open 
science initiatives, and entrepreneurial channels, such 
as student-based start-ups and related financing and 
mobility schemes, have complemented these paths.

Technology Transfer Model
The need to develop a technology transfer model arises 
from the recognition among researchers that technol-
ogy transfer is naturally a complex matter (Garbuz, 
Topală, 2021; Necoechea-Mondragón et al., 2013). 
The early development of technology transfer models 
dates back to the end of World War II (Wahab et al., 
2009). The Appropriability Model (AM) was devel-
oped from 1945 to the 1950s and stressed the quality 
of the research or technology and competitive market 
pressures to ensure the technology transfer (Gibson, 
Smilor, 1991). 
The study of technology transfer models continued to 
expand along with the development of the Dissemi-
nation Model (DM) from 1960 to the 1970s, focusing 

on the diffusion of a technology from the experts to 
the willing user (Gibson, Smilor, 1991; Hamdan et al., 
2018). According to Gibson and Smilor (1991), the 
model assumes that the technology transfer will effort-
lessly occur once the linkages between experts and us-
ers are established.
In 1971 another model called The Bar-Zakay Model 
(BZM) was introduced (Ramanathan, 2011). It describes 
several stages in technology transfer processes, includ-
ing search, adaptation, implementation, and mainte-
nance, which require an evaluation and joint decision 
between the sender and receiver to continue the transfer 
processes (Bar-Zakay, 1970; Steenhuis, Bruijn, 2005).
The progression continued to the late 1980s during 
the introduction of the Knowledge Utilization Model 
(KUM), which was the first to focus on the communi-
cation and mechanism of technology transfer (Gibson, 
Smilor, 1991; Hamdan et al., 2018). It raises two issues 
as the focal points in managing the technology transfer 
risks of communication, such as 1) the prominent role 
of interpersonal communication between researchers 
and users; and 2) the importance of identifying organi-
zational barriers and facilitators of technology transfer 
(Lee, Shvetsova, 2019).
Furthermore, Gibson and Smilor’s Model (GSM), in-
troduced in 1991, presents the three-level prism to 
describe the technology transfer processes (Gibson, 
Smilor, 1991), such as the technological development 
process, the technology acceptance process, and tech-
nology application.
Additionally, Bozeman (2000) first proposed his 
Contingent Effectiveness Model (CEM) of Technol-
ogy Transfer, which was further developed in 2015 by 
Bozeman et al. (2014). It emphasizes two important 
aspects, including 1) the determinants of technology 
transfer and 2) the criteria of technology transfer ef-
fectiveness (Arenas, González, 2018).
Finally, Eckl (2012) introduced the Interactive-Recursive 
Model of Knowledge Transfer (IRM), which was devel-
oped based on (Gibson, Rogers, 1994; Bozeman, 2000). 
This model describes knowledge transfer as a complex 
interactive, non-linear, and possibly recursive process 
consisting of three fundamental dimensions: knowledge 
creation; knowledge diffusion; and knowledge absorp-
tion (Eckl, 2012). Eckl (2012) structures the respective 
dimension with the processes, the involved actors, and 
the determinant factors of technology transfer.

Actors in Technology Transfers
Technology transfer is a process that includes actors 
from both public and private entities (Van Horne,  Du-
tot, 2017). The interaction between and among the in-
volved actors (Schiavone et al., 2014) and their roles 
(Flipse et al., 2014) will also determine the success of 
technology transfers. The actors in technology transfers 
perform their respective roles to ensure continuity in 
techonological implementation. Actors involved in the 
technology transfer process include advisory boards 
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(Weber, 2017), selectors (Min et al., 2020), intermedi-
aries (Tunca, Kanat, 2019), and regulators (Alaassar et 
al., 2020). First, the advisory board determines the Key 
Performance Indicators (KPI). It provides directions 
that will impact the produced results. Furthermore, the 
advisory board is one of the important actors in form-
ing an innovation ecosystem and technology transfer 
process in developing technology-based start-up com-
panies (Weber, 2017). Policies made by the advisory 
board can be in the form of programs or strategies for 
technology development, thereby facilitating technol-
ogy transfer activities (Chen et al., 2010).
Moreover, the role of the selector is to carry out the 
process of selecting and assessing the readiness of a 
technology to be developed and applied in the indus-
trial world. This selection process is adjusted to the 
possibility of achieving the set targets and has to look 
at the technological and economic aspects. Developing 
a business and providing economic benefits is feasible 
(Min et al., 2020). The advisory board and selector ac-
tors are the main key actors in achieving the success of 
the TT process at R&D institutions involving PRIs and 
universities in Indonesia.
The third actor is the intermediary organization that 
can facilitate the flow of technology between the re-
search organization or university and industry. The in-
termediaries are organizations active through all stages 
of technology transfer and mainly face the challenge 
of retaining partners (Van Horne, Dutot, 2017). The 
Technology Transfer Office’s (TTO) activities often re-
flect its role as an intermediary organization in sup-
porting technology transfer from technology-produc-
ing agencies to user partners. The TTO plays a vital 
role in forming an innovation ecosystem and is an ac-
tor that accelerates the spin-off process for new com-
panies and the implementation of a technology. The 
TTO encourages incubation activities and facilitates 
cooperation agreements on the use of technology as a 
know-how development process (Tunca, Kanat, 2019).
Furthermore, the regulator is also one of the other ac-
tors with a vital role where policies are produced both 
from the agency and a higher (national) level. The pol-
icy made by this regulator will impact the development 
of the innovation ecosystem and the technology trans-
fer process. The government acts in the policymaking 
and grant process stage and has to balance the needs of 
all parties to start the technology transfer (Van Horne, 
Dutot, 2017). Regulators need to see actual conditions 
in the field and pay attention to inputs from various 
parties and experts (social interaction) to determine 
policies supporting the development of an innovation 
ecosystem in Indonesia (Alaassar et al., 2020).
These four actors in the technology transfer process 
will create a non-linear model of innovation based on 

the relationships between the actors. The linkage be-
tween actors is needed so that the technology transfer 
process follows user needs, not only the interests of cer-
tain parties. The actors within each contribution have 
developed their structure and work cooperatively to 
facilitate technology transfer (Chen et al., 2010). Each 
actor does not have to contribute to the performance 
of other actors but only needs to carry out their duties 
according to their capacity and authority. The involve-
ment of these parties will later make the innovation 
ecosystem work properly and be mutually sustainable 
to build an effective innovation system (Wonglimpi-
yarat, 2016).

Methodology
This study uses a multiple case study method with a 
comparative design based on the constructivism para-
digm (Eisenhardt, 1989). The case study process in-
cludes (1) case selection based on PRIs and universi-
ties that have technology transfer offices/units, (2) data 
collection through in-depth interviews with managers 
from five PRIs and four universities that have carried 
out technology licensing, (3) data analysis that includes 
categorization, preparation of thick descriptions for 
each case, and the examination of patterns between 
cases in order to find the emerging trends and syn-
thesize it into a new TT model, (4) validation of find-
ings through triangulation, pattern matching (based 
on data saturation), and comparing with existing lit-
erature. This research uses the interactive-recursive 
technology transfer model developed by (Eckl, 2012) 
as the analytical framework. The model describes tech-
nology transfer as three related processes, including 
(1) knowledge creation (KC), (2) knowledge diffusion 
(KD), and (3) knowledge absorption (KA).

Technology Transfer (TT) in Indonesia: 
General Overview
TT in Indonesia refers to transferring knowledge, skills, 
and technology from research institutions to business-
es, organizations, and the wider community for com-
mercialization and social benefit. The Indonesian gov-
ernment has recognized the importance of technology 
transfer and has taken steps to support it.
The concept of TT in Indonesia includes various as-
pects such as identifying and selecting technologies 
with potential commercial value, protecting intellec-
tual property rights, negotiating license agreements, 
providing technical assistance, and supporting com-
mercialization efforts.
The Indonesian government has created several regu-
lations to support technology transfer in Indonesia.2 
The government has issued guidance on patent man-
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agement and trademark rights in the context of TT. In 
this provision, TT can only be done through a license 
contract between the technology owner (licensor) and 
the technology recipient (licensee). The license agree-
ment must be made in writing and registered with the 
National Office of Intellectual Property.
This policy also stipulates the principles of remunera-
tion in the TT process. The licensee must indemnify 
the licensor for the use of the technology. Compensa-
tion must be in the form of royalties or other payments, 
and it must be based on the value of the technology. 
During the know-how transfer, the licensor must 
transfer the know-how and provide technical support 
to the licensee to ensure that the technology is properly 
used and maintained. 
Indonesia also has made various efforts to facilitate 
technology transfer, such as establishing technology 
incubators and science parks, funding research and 
development, and promoting partnerships between re-
search institutes, industry, and the government. Over-
all, the concept of TT in Indonesia focuses on promot-
ing innovation, increasing competitiveness, and gener-
ating economic growth through the development and 
commercialization of new technologies.

Technology Transfer at PRIs
KC Process
The multiple case study results at PRIs indicate two 
significant patterns in the knowledge creation process-
es (see Table 1). First, the typical internal knowledge 
production process derives from top-down research 
policy at research centers (RCs), resulting in a pool of 
technology that pushes into the next commercializa-
tion phase. Second is R&D collaboration, which rarely 
occurs due to specific conditions or incentives.  
The first pattern starts with determining the research 
foci in each research center based on national policy. 
Then, research groups generate ideas based on their 
expertise and interest. The submitted ideas will be se-
lected based on the quality of the idea and their rele-
vance. Selected ideas will be executed within an annual 
timeline to generate knowledge in publications and in-
tellectual properties (IP). Researchers drive these pro-
cesses’ key performance indicators (KPI) and funding.
The second pattern only happened in some research 
centers which conducted applied research and fre-
quently had R&D collaboration. The researchers in 
these research centers have established a more person-
al relationship with their industry counterparts. Hence, 
the collaborative knowledge creation started with in-
formal discussions among them. In some cases, these 
collaborations lead to a very successful innovation 
process. On the other side, such collaboration is hard 
to establish in research centers with basic science and a 
lack of experience in working with industries.

KD Process
Based on our investigation, the TTO became a standard 
unit that led the diffusion process at PRIs. The process 
starts with (1) readiness selection, (2) IP registration, 
(3) valuation, (4) development, (5) promotion, and 
ends with a signed (6) contract of license. This process 
often goes back and forth and can skip between TTO, 
research centers (or researchers), and industry coun-
terparts. For example, in the process of readiness se-
lection, the TTO will conduct due diligence regarding 
R&D results that are being ‘pushed’ from the research 
centers. They use a readiness selection framework such 
as technology readiness level (TRL) to assess the R&D 
results.       

KA Process
Absorption concepts involve the actors in Academics-
Business-Government (Triple Helix ABG). The ab-
sorption of knowledge and technology from existing 
actors depends on the success rate of the diffusion of 
existing knowledge and technology. The absorption 
level of knowledge and technology can accelerate the 
process of adoption, diffusion, and the achievement of 
collaboration in technology transfer.  
In addition, this absorption rate influences the deter-
mination of the potentially applicable technologies, 
the potential to generate licenses and royalties or other 
incentives for inventors and innovators, the potential 
for spin-offs of the new technology-based companies, 
and the potential for spin-offs of the new technology-
based companies’ determination of the potential for 
sustainable collaboration. Regulatory support and 
competency improvement based on market needs. The 
process of absorption of knowledge and technology is 
also strongly influenced by the behavior of the involved 
actors (Erosa, 2012). The entire process of technology 
transfer in PRIs has been summarized in Table 1.

Technology Transfer at Universities
KC Process
According to a comparison of four universities’ tech-
nology transfer cases, several notable results can be 
highlighted. The knowledge creation processes are 
mainly based on the lecturers’ research interests in line 
with the university’s vision. The submitted research 
ideas that are successfully selected could continue to 
the development stage. This development process usu-
ally involves lecturers and students across departments 
or faculties. In some cases, it also involves an industrial 
partner.
The involvement of partners during the knowledge 
creation process is relatively minimal. In some cases, 
it increases the success rate of the invention since the 
product market has been identified from the begin-
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ning. However, we found that one university (UNI-2) 
started initiating an Ideation Forum to explore the 
needs of industrial partners as guidance to formulate 
R&D ideas.
Similar to PRIs’ cases, KPIs and funding also play a 
prominent role in the knowledge creation process 
within universities. KPIs make the inventor more fo-
cused on the invention quantity while paying less at-
tention to quality. Meanwhile, funding availability is 
crucial for the sustainability of the R&D program, es-
pecially for a long-term development project.

KD Process
Similar to PRIs, the TTOs at universities also play a 
significant role in the diffusion process. At the begin-
ning of the diffusion process, they are responsible for 
assessing the readiness of the available inventions. This 
process is usually also carried out together with ex-
perts in related fields. The invention with six readiness 
levels is prepared for the IP protection and promotion 

stage. The inventions that have obtained partners will 
continue in the contract management process.
As the processes are facilitated by the TTO, having a 
qualified TTO is essential for the success of the diffu-
sion process. They should possess sufficient skills and 
competencies, such as marketing, negotiation, and 
technology valuation skills.

KA Process
The implementation of the process of absorbing 
knowledge and technology through formal and in-
formal interactions, both internal and external, where 
the innovative research and development results have 
high commercial value and are attached to user needs. 
The absorption process through several mechanisms, 
such as licensing, start-ups, and joint operations, takes 
place as well. This process includes industries, internal 
business units, and start-ups. The process of technol-
ogy absorption is characterized by prospective indus-
try partners already involved upstream, from ideas to 

Table 1. Summary of Process TTs Connected to Seamless Models in PRIs

Samples Process Actor Determinant
KC

PRIs-1 Priority Setting, Ideation, Execution, IP 
Registration, Valuation, Promotion, Contract.

Inventor, Intermediary, Internal 
Developer, Assessor, Partner.

KPI, Funding, Readiness, IP, 
Market, Engagement.

PRIs-2 Priority Setting, Ideation, Selection, Pilot 
Development, Value Capture.

Advisory Board, Inventor, Assessor, 
Partner.

Policy, KPI, Readiness, Market, 
Engagement.

PRIs-3 Priority Setting, Ideation, Selection, Readiness 
Selection, Valuation, Market Discovery.

Selector, Inventor, Intermediary, 
Internal Developer.

KPI, Readiness, Market, 
Engagement.

PRIs-4 Ideation, selection, Execution, Valuation, 
Acquisition, Market Discovery, Value Capture.

Inventor, Intermediary, Partner. Funding, Readiness, IP, 
Competence, engagement.

PRIs-5 Priority Setting, Ideation, Acquisition, Value 
Capture.

Advisory Board, Inventor, 
Intermediary, Partner.

Readiness, IP, Market, 
Engagement.

KD
PRIs-1 Ideation, Selection, Valuation, Pilot 

Development, Market Discovery, 
Inventor, Intermediary, Partner. Funding, Readiness, IP, Market, 

Engagement.
PRIs-2 IP Registration, Execution, Valuation, Co-

Development.
Advisory Board, Inventor, 
Intermediary, Partner.

Readiness, IP, Digital Media, 
Market, Engagement.

PRIs-3 Selection, Execution, Readiness Selection, 
IP Registration, Pilot Development, Market 
Discovery.

Inventor, Intermediary, Internal 
Developer, Partner.

Readiness, IP, Digital Media, 
Market, Engagement.

PRIs-4 Ideation, Readiness Selection, Execution, 
IP Registration, Co-Development, Market 
Discovery. 

Intermediary, Internal Developer, 
Partner.

Funding, Readiness, Human 
Resource, Market, Engagement.

PRIs-5 Execution, Readiness Selection, IP Registration, 
Valuation, Promotion.

Inventor, Intermediary, Partner. Digital Media, Market, 
Engagement.

KA
PRIs-1 Ideation, Selection, Execution, Pilot 

Development, Market Discovery.
Inventor, Intermediary, Partner. Readiness, Human Resource, 

Competence, Engagement.
PRIs-2 Execution, Readiness Selection, Acquisition, Co-

Development, 
Selector, Inventor, Intermediary, 
Internal Developer, Partner.

Market, Competence, 
Engagement.

PRIs-3 Execution, Readiness Selection, Promotion, Co-
Development, Value Capture.

Inventor, Intermediary, Partner. Policy, Human Resource, 
Competence, Engagement.

PRIs-4 Valuation, Pilot development, Contract, 
Acquisition.

Intermediary, Partner. Readiness, IP, Human 
Resource, Market.

PRIs-5 Priority Setting, Execution, Pilot Development, 
Market Discovery.

Intermediary, Partner. Readiness, Funding, IP, Market.

Source: authors.
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the implementation of research. The entire technology 
transfer process at universities has been summarized 
in Table 2.
 
Involvement of Actors and Determining 
Factors
Based on the elaboration of the aforementioned cas-
es, we identified several important actors and their 
involvement in every technology transfer process, as 
shown in Table 3. According to Table 3, each stage 
of the technology transfer process mostly requires 
involvement of multiple actors. Therefore, collabora-
tions among these actors are essential to ensure the ef-
fectiveness of the technology transfer. Moreover, each 
should also be involved in several different processes, 
regardless of its knowledge dimensions and where 
the process belongs. This finding is relatively dissimi-
lar when compared with the proposition presented by 
Eckl (2012) in the Interactive-Recursive Technology 
Transfer Model.
Our contrasting finding shows that actor A3 (inven-
tors), the key actor in the knowledge creation dimen-
sion, should also remain involved in the diffusion and 
absorption processes. Similarly, actor A4 (intermedi-
aries) plays a significant role in knowledge diffusion. 
Moreover, they need to be involved in processes within 
other dimensions, such as in the process P2 (ideation), 
to become partners for inventors to provide input re-
lated to technological developments and the latest 
market needs.
Furthermore, our study also identifies the determining 
factors that need to be considered in each technology 
transfer process, as shown in Table 4. Meanwhile, as 
in the process-actor relationship, the process-determi-
nant mapping also shows findings quite different from 
those presented in the Interactive-Recursive Model 
by Eckl (2012). This study found that the determining 
factors can be essential in different technology transfer 
processes and knowledge dimensions.

Model Conceptualization
The authors propose the Seamless Technology Transfer 
Model, which describes the technology transfer mod-
els at R&D entities governing the achievement in tech-
nology collaboration/licensing utilized by users (stake-
holders). This model focuses on the need for special 
attention by involving various actors in the transition 
process between (1) the process of knowledge creation 
toward knowledge diffusion, (2) the process of knowl-
edge diffusion toward knowledge absorption, and (3) 
the process of knowledge absorption toward the next 
knowledge creation.
 The ‘seamless’ model holistically explains where the 
dimensions of knowledge creation, knowledge dif-
fusion, and knowledge absorption are closely related. 
First, the transition process when assessing applica-

bility after a piece of knowledge/technology is gener-
ated requires the direct involvement of researchers, 
intermediaries, and assessors. That in turn requires 
researchers to understand field conditions better when 
their research results are applied by direct users, sup-
ported by intermediaries and assessors to assess the 
possibility/success of the technology being applied. 
Second, the technology acquisition process after the 
licensing cooperation agreement is created due to the 
technology diffusion process. In this transition process, 
it is necessary to involve inventors, intermediaries, in-
ternal developers, and industry partners. The third is 
the transition process for determining the priorities of 
subsequent research. After the technology is success-
fully absorbed and exploited, industry partners may 
have input for further research as a form of refinement 
or meeting other new technology needs.
Repetition can occur in every component of the pro-
cess in each dimension, wherein several stages (at 
least two) allow for it. After the knowledge absorption 
process succeeds (or fails), input is generated for itera-
tion in the priority-setting process. The process is de-
scribed in a streamlined and sequential manner, but a 
reversal can also occur if a failure or obstacle occurs at 
a particular stage. 
There are 14 processes, nine actors, and ten determi-
nants depicted in this model. In contrast to the Inter-
active-Recursive Model (Eckl, 2012), which separates 
the components in each dimension, this model pro-
vides flexible constraints on the actor and determinant 
components. So several actors can play a role in several 
processes in different dimensions. Likewise, the deter-
minant component can affect several processes in dif-
ferent dimensions. The seamless model of technology 
transfer is shown in Figure 1.

Discussion
The Comparison Between Eckl’s Model and the Seam-
less Model for Technology Transfer 
The new model was developed by translating the stag-
es of implementing technology transfer into either 
knowledge creation, diffusion, or adsorption, which 
are adapted to field conditions from each R&D en-
tity. The primary factors of knowledge transfer are 
determined by the interactions of knowledge creators, 
knowledge disseminators, and knowledge consumers. 
Key stakeholder groups in each dimension are critical 
for the success or failure of knowledge transfer. The 
outputs or outcomes of their actions in each dimen-
sion produce the determinants of knowledge transfer, 
which center attention on the analysis of the transfer 
process.
The interpretation of the recursive interactive technol-
ogy transfer model includes the transformation of the 
three basic dimensions of knowledge transfer to reveal 
the related characteristics of the knowledge transfer 
process. Moreover, it should not be considered a uni-
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directional sequence but should be understood non-
linearly and recursively since it has no real beginning 
or end. It does not begin with knowledge generation 
or end with its use. It is not be equivalent to a linear 
motion, as had been prevalent for a long time (Wahab 
et al., 2009). 
From the synthesis and interpretation of the data ob-
tained, several stages can be used as derivative ele-
ments of the model proposed by Eckl (2012). Further-
more, it is a new concept generated from field findings 
by looking in a structured manner at what factors can 
affect the governance model of technology transfer at 
R&D entities in Indonesia and used as a reference in 
the management of technology transfer, especially in 
Indonesia.
The evolution of this derivative model from Eckl 
(2012) is a new model that illustrates the stages of 
technology transfer implementation by looking at the 
elements of Knowledge Creation, Knowledge Diffu-
sion, and Knowledge Adsorption adapted to the field 
conditions of each R&D entity. It presents the forma-
tion of three fundamental dimensions and has the 
advantage of combining the benefits of a the now ob-
solete linear model with the epistemological require-
ments of a recursive model by describing the process of 

knowledge transfer without linear biases. The interac-
tions of knowledge creators, knowledge spreaders, and 
knowledge consumers determine the primary factors 
of knowledge transfer. The output or outcome of their 
actions in each dimension determines the factor of 
knowledge transfer that is at the center of attention in 
the analysis of the transfer process. For the success or 
failure of knowledge transfer, a key stakeholder group 
in each dimension is essential.
The “seamless” model holistically describes where 
knowledge creation, diffusion, and absorption are 
closely related. It has several similarities and differenc-
es from the model upon which it is based. The seamless 
model focuses on the need for special attention on the 
involvement of various actors in the transition process 
between (1) the process of knowledge creation to the 
diffusion of knowledge, (2) the process of diffusion to-
ward absorption, and (3) the process of absorption to-
ward creation. Processes can be described in a stream-
lined manner and sequentially, but there can also be 
reversals in the event of failure or resistance at some 
stage. In contrast to the Interactive-Recursive Model, 
this model removes barriers between dimensions so 
that actors can have several roles in creating, diffusing, 
and absorbing knowledge.

Table 2. Summary of Process TT Connected to Seamless Models in Universities

Samples Process Actor Determinant
KC

UNI-1 Ideation, Selection, Execution. Inventor, Intermediary, Internal 
Developer, Assessor, Partner.

Market,  Funding, IP, Engagement.

UNI-2 Ideation, Selection, Execution, Readiness 
Selection, Valuation, Market Discovery, 

Advisory Board, Inventor, 
Intermediary, Partner.

Policy, Readiness, IP, Market, 
Engagement.

UNI-3 Priority Setting, Ideation, Execution, 
Market Discovery.

Advisory Board, Inventor, 
Intermediary, Partner.

KPI, Funding, Readiness, IP, Market, 
Engagement.

UNI-4 Ideation, Selection, Execution, Valuation, 
Promotion.

Advisory Board, Selector, Inventor, 
Intermediary, Internal Developer, 
Partner.

KPI, Funding, IP, Market, 
Competence.

KD
UNI-1 Readiness selection, IP Registration, 

Valuation, Pilot Development, Promotion, 
Contract, Acquisition.

Advisory Board, Selector, Inventor, 
Intermediary, Assessor, Partner.

Readiness, Human Resource, Market, 
Competence, Engagement.

UNI-2 Ideation, Execution, IP Registration, Pilot 
Development, Contract, Acquisition. 

Selector, Inventor, Intermediary, 
Internal Developer, Partner.

KPI, Funding, Readiness, IP, Market, 
Engagement.

UNI-3 Ideation, Selection, Execution, IP 
Registration, Contract, Acquisition.

Advisory Board, Selector, Inventor, 
Intermediary, Assessor, Partner

KPI, Funding, Readiness, IP, Market, 
Competence, Engagement.

UNI-4 Ideation, Selection, Readiness Selection, 
IP Registration, Valuation, Promotion, 
Contract

Advisory Board, Selector, Inventor, 
Intermediary, Co-developer.

Policy, Funding, Readiness, IP, 
Market, Competence, Engagement.

KA
UNI-1 Execution, Readiness Selection, IP 

Registration, Valuation, Contract, 
Acquisition.

Inventor, Intermediary, Internal 
Developer, Assessor, Partner.

Readiness, IP, Market,  
Engagement

UNI-2 Ideation, Execution, Pilot Development, 
Acquisition, Value Capture.

Inventor, Intermediary, Internal 
Developer, Partner.

Funding, Readiness, IP, Market, 
Competence, Engagement.

UNI-3 Priority Setting, Ideation, Execution, 
IP Registration, Valuation, Contract, 
Acquisition.

Inventor, Intermediary, Internal 
Developer, Assessor, Partner, Co-
developer.

Policy, KPI, Funding, Readiness, 
Human Resource, Market, 
Engagement.

UNI-4 Priority Setting, Ideation, Selection, 
Execution, Value Capture.

Inventor, Intermediary, Internal 
Developer, Partner, Co-developer.

Policy, Funding, Readiness, Human 
Resource, Market, Engagement.

Source: authors.
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The Comparison between the Seamless 
Model and Other Models in Technology 
Transfers
This section compares the seamless technology trans-
fer model with several previous models, mechanisms, 
processes, actors, and determinants. The technological 
context in our proposed model corresponds to the idea 
that technology transfer does not only manifest the 
physical artifacts of technology as described in most 
traditional models such as AM, DM, and KUM. How-
ever, it also incorporates the movement of know-how 
and technical knowledge from one organization to 
another, as in Bozeman (2000) and endorsed by Eckl 
(2012).
Several possible transfer mechanisms have been re-
vealed in various studies, which Arenas and Gonza-
lez (2018) have summarized into two categories, i.e., 
formal and informal. In line with (Arenas, González, 
2018; Mendoza, Sanchez, 2018), this research accentu-
ates the formal mechanisms, especially license agree-
ments through which patents or prototypes and joint 
ventures are created. We do not consider informal 
mechanisms such as talent recruitment, paper pre-
sentations, and informal discussions as do (Arenas, 

Gonzalez, 2018) in our model. However, such activi-
ties might occur across PRIs and universities. Further-
more, according to the Indonesian context, the formal 
mechanisms still require considerable interventions to 
yield significant impacts in encouraging national eco-
nomic development.
Furthermore, the seamless model strives to more 
clearly illustrate the complex processes within tech-
nology transfers compared to the previous traditional 
models. The traditional models express the technol-
ogy transfer process as linear, easily understandable, 
and effortlessly applicable, regardless of the current 
situation (Bustamante et al., 2021). For example, the 
AM only emphasizes the need to develop high-quality 
technology and ensure that the technology transfer 
will occur spontaneously. Technology transfers can 
be conducted without deliberate attempts within AM 
since the suitable technologies sell themselves (Gibson, 
Smilor, 1991; Hamdan et al., 2018; Wahab et al., 2009). 
The same is true for DM and KUM. According to Gib-
son, Smilor (1991), DM and KUM consider technol-
ogy transfers to be merely simple, unidirectional, and 
unilateral technology movements from experts to us-
ers. There are a series of essential processes to deter-

Process
Participant

A1 A2 A3 A4 A5 A6 A7 A8 A9
P1 √ √ √
P2 √ √ √
P3 √
P4 √ √
P5 √ √
P6 √ √
P7 √ √
P8 √ √ √ √
P9 √ √

P10 √ √
P11 √ √ √
P12 √ √ √
P13 √ √ √
P14 √ √

Source: authors.

Table 3. Actor’s Involvement in Technology 
Transfer Processes

Process
Determinant

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10
P1 √ √ √
P2 √ √
P3 √ √
P4 √ √ √ √ √ √
P5 √ √ √ √ √
P6 √ √
P7 √ √ √ √ √
P8 √ √ √ √ √ √
P9 √ √ √ √ √ √

P10 √ √ √
P11 √ √ √ √
P12 √ √ √ √ √ √ √
P13 √ √ √ √ √ √
P14 √ √ √

Source: authors.

Table 4. Determinant Factors of Technology 
Transfer Processes

 Notе:
Process Participant

Р1 – Priority setting 
Р2 – Ideation 
Р3 – Selection 
Р4 – Execution (collaboration) 
Р5 – Readiness selection 
Р6 – IP registration 
Р7 – Valuation 
Р8 – Pilot development 
Р9 – Promotion
Р10 – Contract 
Р11 – Acquisition
Р12 – Co-development 
Р13 – Market discovery 
Р14 – Value Capture

А1 – Advisory Board 
А2 – Selector 
А3 – Inventor 
А4 – Intermediarist 
А5 – Internal developer 
А6 – Assessor 
А7 – Partner 
А8 – Со-developer 
А9 – Regulator

Notе:

Determinant

D1 – Policy 
D2 – Key Performance Indicators (KPI)
D3 – Funding 
D4 – Readiness 
D5 – Intellectual Property (IP) 
D6 – Digital media 
D7 – Human resource 
D8 – Market 
D9 – Competence 
D10 – Engagement
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mine the R&D focus according to the user and market 
needs, protect and promote well-developed technolo-
gies, and maintain good relationships with potential 
users. Therefore, the seamless model attempts to de-
scribe the dimensions of KC, KD, and KA in several 
detailed stages, starting from priority setting activities 
and encompassing end consumption.
Unlike most traditional models (e.g., AM, DM, and 
KUM) and BZM, which suggest two key actors (i.e., 
transferor and transferee), we enrich our model by in-
volving several important actors. We aim to adapt to 
the complex processes of technology transfer where 
many stakeholders are involved and are responsible for 
determining its success.
Furthermore, as their communications are established, 
the two above actors play a relatively passive role in 
technology transfers. Even though DM suggests the 
importance of link between transferors and transfer-

ees, this relationship is quite unilateral and lacks user 
involvement in technological development. AM even 
puts forward the passive role of the transferors who 
only need to publish their research results through 
passive media such as research articles (Gibson, Smilor, 
1991). The BZM concept seems different in that the in-
teractions between the two actors already exist. Ram-
anathan (2011) stated that they should be involved in 
the collaborative decision process at every stage of the 
technology transfer.
Meanwhile, the seamless model refers to these actors 
as inventors and partners. They contrast with the ac-
tors described in AM and DM, while in line with BZM, 
our model suggests that inventors and partners, along 
with other actors, play an active role as they can be 
involved and responsible for accomplishing the same 
stage within the technology transfer process. In addi-
tion, the term ‘partners’ refers to the fact that they are 
not solely involved in the downstream as the recipients 
of R&D results but are supposed to be involved in the 
initial project and the research funding collaboration.
Moreover, several studies have mentioned the need for 
complementary actors in technology transfer, such as 
TTOs and policymakers (Arenas, González, 2018). We 
postulate the role of intermediaries, which have similar 
responsibilities as a TTO. As for the policymakers, we 
describe them as the advisory boards responsible  im-
pacting the business environment and playing a role at 
the national level.
Our model also proposes several determining factors 
for a successful technology transfer. That is in line 
with the concept of KUM, which was the first model 
attempting to understand the factors and sub-factors 
that influence the technology transfer process (Ham-
dan et al., 2018). Another model, as the CEM, high-
lights these environmental factors, which Bozeman 
(2000) refers to as the effectiveness criteria.

Conclusion
Technology plays a significant role in supporting na-
tional economic growth. Technology transfers began 
to impact the performance and productivity of the in-
dustrial sector as the commercialization of innovation 
began to meet market needs. The role of technology 
transfer in supporting product commercialization de-
pends on sectors that have strategic value derived from 
equipment, skills, knowledge, processes, and practices. 
By encouraging technology transfers, national strate-
gies can be reinforced and relationships between key 
actors and consumers can be developed.
The “Seamless” Technology Transfer Model describes 
a governance model within R&D. It holistically il-
lustrates how the dimensions of knowledge creation, 
knowledge diffusion, and knowledge absorption are 
closely related. This model focuses on the need for par-
ticular attention to the involvement of various actors in 
the transitions between:

Process Participant Determinant

Р1 – Priority setting 
Р2 – Ideation 
Р3 – Selection 
Р4 – Execution (collaboration) 
Р5 – Readiness selection 
Р6 – IP registration 
Р7 – Valuation 
Р8 – Pilot development 
Р9 – Promotion
Р10 – Contract 
Р11 – Acquisition
Р12 – Co-development 
Р13 – Market discovery 
Р14 – Value Capture

А1 – Advisory Board 
А2 – Selector 
А3 – Inventor 
А4 – Intermediarist 
А5 – Internal developer 
А6 – Assessor 
А7 – Partner 
А8 – Со-developer 
А9 – Regulator

D1 – Policy 
D2 – Key Performance 
Indicators (KPI)
D3 – Funding 
D4 – Readiness 
D5 – Intellectual Property 
(IP) 
D6 – Digital media 
D7 – Human resource 
D8 – Market 
D9 – Competence 
D10 – Engagement

Figure 1. Knowledge creation, diffusion, and 
absorption process in Seamless Technology 

Transfer Model

Knowledge 
Absorption

Knowledge 
Creation

Participant

Process

Knowledge Diffusion

Р1

Р11 Р5

Р14

Р13

Р12

Р10 Р9 Р8 Р7 Р6

Р4

Р3

Р2А1

А7 А4

А9

А8

А6 А5

А3

А2D1

D4D8

D10

D9

D7 D6 D5

D2

D3
Determinant

Source: Author’s Interpretation of the Seamless Model for 
Technology Transfer.

Note:
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1. Knowledge creation moving toward diffusion,
2. Knowledge diffusion toward absorption
3. The move from knowledge absorption toward the 

creation of new knowledge.
Unlike the Interactive-Recursive Model, this model 
eliminates the barrier between dimensions so that ac-
tors can play several roles in creating, diffusing, and 
absorbing knowledge. Some key actors (inventors, in-
termediaries, and industry partners) can be involved 
in several processes in all three dimensions. As with 
actors, some determinants can strongly influence tech-
nology transfer processes in all three dimensions. To 
be able to implement this model, a radical enough 
strategy is needed to be able to strengthen the linkage 
between technology transfer actors, especially at R&D 
entities, namely:

1. Changing the concept of inventor KPIs that rely 
on individual performance to publish or create IP 
into a more collaborative team KPI concept ori-
ented toward the creation of innovations;

2. Involving inventors and partners (industry part-
ners) in every dimension of technology transfer 
(knowledge creation, knowledge diffusion, knowl-
edge absorption) so that research and develop-
ment is determined based on industry- or market-
driven needs;

3. Increase the competence of intermediaries to build 
networks (with inventors, partners, and govern-
ment institutions) and commercialize knowledge;

4. Provide funding for the development process 
(internal development and co-development with 
partners) to increase the preparedness of inven-
tions that still have a high risk of failure so that 
they can be adopted and mass-produced by indus-
try partners;

5. Digital media is needed to exchange information 
related to technology development and connect 
the relevant actors.

In the context of using the seamless technology trans-
fer model in Indonesia, it is highly recommended to 
accelerate the use of products derived from research 
and development. This model has been adapted to the 
TT process patterns and encompasses the best prac-
tices carried out by PRIs and universities.
Regarding future research, the role of current and 
former key actors in technology transfers linking the 
exploitation and possible commercialization of new 
knowledge, particularly at PRIs and universities re-
mains unexplored. Acknowledging this role and un-
derstanding the driving factors and the main barriers 
could prove a particularly fruitful direction for future 
research.
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