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 FOREWORD by EDITOR-in-CHIEF 

We are pleased to present to the readers with the fifth issue of the Journal of Science, Technology and 
Innovation Policy and Management. In this issue, we continue to publish the results of interdisciplinary 
scientific researches in various aspects of STI Policy and Management. This issue, prior issues, and 
other resources are available at www.stipmjournal.org.

We thank the reviewers and editorial boards for taking their precious time to ensure the quality 
of the articles through the double-blind peer review process. The seven articles in this volume cover a 
wide range of topics in STI policy and R&D governance and management. In this issue, we introduce 
a special topic on Original Concept Formation. This is a new focus and scope of STI Policy and 
Management Journal. A concept formation in technology policy (TP) and management of technology 
(MOT), including proven soft technology concept based on rigorous data, cumulatively published 
references, and long experiences in the academic sphere. The original concept formation should deal 
with soft technology problems, policy context for problem-solving, concept formation, and its effective 
implementation. 

M. Nawaz Sharif presents an original concept formation entitled Technology for Development: 
Ten True Stories Revealing the Complexity of Replicating South Korean Success. The essay comprises 
ten true stories presented to highlight personally observed problems encountered by Asian developing 
country leadership who tried to replicate South Korean success in fostering technology innovation 
induced sustainable economic growth strategy without paying robust attention to the crucial role of 
creating an "innovation climate/culture" as a necessary foundation for myriad development efforts.

The subsequent articles revealed research findings on the various issue of STI policy and R&D 
governance and management. First article is presented by Erwiza Erman entitled Changing Stages of 
System Innovation at the Ombilin’s Coal Mines of Sawahlunto: From Ghost Town to World Heritage. 
This paper examines system innovation, a transition from one socio-technical system to another by 
transforming the historical and cultural area into a world heritage city. The objective of this study is 
to reconstruct the changing stages of system innovation in achieving the World Heritage status at the 
Ombilin coal mines site of Sawahlunto.

The second article is composed by Rachmini Saparita and Savitri Dyah, entitled Mechanism of 
Implementing Technology in the Community of Eastern Indonesia (Case Study in Belu Regency, Nusa 
Tenggara Timur Province). This paper focuses on the mechanism of technology implementation to 
increase society’s welfare. The study also evaluated technology implementation activities in the period 
2003 to 2019, using meta-synthesis. The analysis found that there are five types of technology transfer 
mechanisms carried out by researchers at LIPI.
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The third article is composed by Budi Triyono, Ria Hardiyati, and Aditya Wisnu Pradana, entitled 
Lack of Contribution of the Indonesian R&D Program to Economic Sector: Learning from the RPJMN 
Implementation. Through a review of the National Medium-Term Development Plan (RPJMN) docu-
ments on the S&T Sector period of 2015‒2019, this article attempts to analyze various obstacles related 
to the minimal contribution of Indonesian R&D Programs in supporting Indonesia's economic sector 
and national competitiveness. 

Wati Hermawati presents an article entitled Key Success Factors in Managing and Implementing 
Public Funded R&D Projects in Indonesia. In this paper, she mentioned that the role of public-funded 
R&D institutions in supporting innovation and economic performance of MSMEs (micro, small and 
medium enterprises) is still very small. Therefore, the success factors in managing and implementing 
R&D projects at R&D institutions should be identified, particularly in providing solution for MSMEs' 
problems. Through the two case studies, this article provides key success factors and lessons learned to 
improve R&D project activities at PRCs.

The fifth article is presented by Trina Fizzanty, Kusnandar, Sigit Setiawan, Radot Manalu, and Dini 
Oktaviyanti, entitled The International Research Collaboration, Learning and Promoting Innovation 
Capability in Indonesia Medical Sectors. This article presents the case of eight international collabora-
tive research projects in medical research in Indonesia. The research found that International research 
collaboration has opened the opportunity for Indonesian researchers to learn and upgrade their capability 
and contribute to the scientific arena. However, none of international research projects reached the 
commercialization stage yet, but some of which were at the beginning of clinical trial stage.

Finally, Budi Harsanto presents an article entitled Eco-innovation Research in Indonesia: A Sys-
tematic Review and Future Directions. The article analyzes the recent development of eco-innovation 
research in Indonesia and provides some potential avenues for future research. The analysis was carried 
out using Systematic Literature Review (SLR) techniques to synthesize knowledge development of a 
scientific field in a structured, transparent, and reliable manner. 

The editor of STIPM Journal are dedicated to working with scholars in existing and emerging 
STI issues and produce high-quality papers to expand knowledge in the field of STI Policy and R&D 
Governance and Management. We believe that all the papers published in this issue will greatly influence 
on the STI Policy and Management for Sustainable Development. 

The STIPM Journal is indexed by Google Scholar, ISJD, IPI, DOAJ, BASE, SINTA, and OCLC 
World Cat. This makes the journal dissemination wider. 

The editor-in-chief acknowledge and are very grateful to the authors, the editorial board, the section 
editors, the designer, the staff of the LIPI Press Publishing Office, and everyone who has contributed 
to the publication of the STIPM journal. We are also very grateful to our future readers. By inviting the 
readers to publish your research results articles in this journal, we believe in the meaningfulness and 
future collaboration as well as to provide a higher scientific platform for the authors and the readers, with 
a comprehensive overview of the most recent STI Policy and Management research and development 
at the national, regional, and international level.

Happy New Year 2021 to all of you!

Jakarta, 15 December 2020
Editor-In-Chief
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Research collaboration across countries is known as a promising 
strategy to enhance science and technology capacity. This strategy 
becomes more popular for researchers as it contributes to research 
productivity. In the context of a developing economy like Indonesia, 
the goal of international research collaboration is to increase the 
researchers' scientific capacity. However, limited references were 
discussed on how international research collaboration projects 
could leverage innovation capacity in a developing economy. This 
paper aims to reveal research results to fill the literature gape, in 
the context of a developing economy and medical research. Several 
case studies consisting of eight international collaboration research 
projects in medical research were utilized, in which Indonesian 
researchers worked collaboratively with foreign researchers. The 
research found that the International Research Collaboration (IRC) 
has opened opportunities for Indonesian researchers to learn and 
upgrade their capability and contribute to scientific knowledge. 
Collaborative medical research in requires long-term research and 
significant funding support. Based on the case studies, none of 
international research projects had reached the commercialization 
stage, but some of which were at in the beginning of the clinical trial 
stage. Funding is needed for clinical research to enhance innovation.
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I. INTRODUCTION
Research collaboration has been known as 
one possible strategy to enhance science and 
technology capacity. This strategy becomes 
more popular for researchers (Schubert & 
Sooryamoorthy, 2010) since it has contributed 
to research productivity. In the early twentieth 
century, scientific papers from collaboration 
were 10%, but by the end of twentieth century 
it increased to 50% (Frenken, Oort, & Verburg, 
2007). For example, “international collaboration 
connects distant knowledge bases that generally 
have less overlap than knowledge bases within a 
single country. The costs involved in international 
projects (travel costs, co-ordination costs) gener-
ally exceed the costs of national project, other 
things being equal. This could mean that in order 
to legitimate these higher costs, the expected 
returns must also be higher.” (Kusnandar et al., 
2013) Therefore, promoting innovation through 
IRC could be a strategy for a developed economy 
to ensure their innovative products are accepted 
in the developing economy, while the IRC aims 
to increase the scientific and innovative capacity.

This interesting phenomenon has attracted 
more researchers, especially in the field of sci-
ence and technology management, to study the 
phenomena of research collaboration. Some 
researchers used bibliometric as indicators for re-
search collaboration to study some factors which 
influence, such as the field of discipline (Qin, 
Lancaster, & Bryce, 1997), geographical (Ponds, 
Oort, & Frenken, 2007), and also to measure the 
degree of collaboration (Liao & Yen, 2012). The 
researchers are also interested in the impact of 
research collaboration to enhance the quality of 
research output measured by paper quality which 
was revealed by He, Geng and Campbell-Hunt 
(2009) and Frenken, Oort and Verburg (2007), 
also in nanotechnology research by Tang and 
Shapira (2012). The deeper analysis conducted 
by Rigby and Edler (2005), found that research 
collaboration with stronger network produces 
higher quality of output. 

Research collaboration not only has posi-
tive impact on research output, but also on the 
researcher as an individual. Ynalvez and Shrum 
(2011) revealed that research collaboration has 

positive impact on output productivity of re-
searcher. Priest et al. (2011) found that research 
collaboration could increase researcher capacity 
through sharing knowledge. This issue also stud-
ied by Niu and Qiu (2014) who explained that 
researchers can obtain not only formal scientific 
knowledge, but also micro-organizational capa-
bilities, social and technical skills.

In addition to scientific impact, the research 
collaboration is expected to enhance innovation. 
Therefore, international research collaboration 
is now an emerging area of innovation studies 
(Chen, Zhang, & Fu, 2019). To increase innova-
tion, some researchers collaborate with industries 
and this phenomenon also becomes an interesting 
issue. Okubo and Sjöberg (2000) and Abramo 
et al. (2009) mapped the collaboration between 
academics and industries in European Countries. 
Freitas, Marques and Silva (2013) studied the 
role of university-industry collaboration for in-
novation development on mature and emerging 
industries in Brazil. They found that the collabo-
ration has no impact for mature industries, but 
for emerging industries, the collaboration has an 
impact on developing new product and process, 
and increasing workers capacity through training. 
This finding was supported by Kang and Park 
(2012) who studied the role of the government's 
R&D institution in small medium enterprises 
(SMEs) innovation in Korea. They found that 
SMEs which collaborated with R&D institution 
had better innovation output.

The increasing awareness that research col-
laboration provides many benefits has encouraged 
researchers to study how it can be successful. 
Many studies focus on factors that determine 
the success of research collaboration. Ubfal and 
Maffioli (2011) pointed out that, based on the 
resource-based view, funding is one of the factors 
that determined the success of research collabora-
tion. Meanwhile, Bammer (2008) asserted that the 
fundamental principle of research collaboration 
is integrating different perspectives among actors 
to achieve the goal. Smith and Malina (1999) 
revealed that power imbalance can be a barrier 
in this process, while Nummela (2003) found that 
commitment is the important factor in research 
collaboration. 
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Some research suggested that one of the 
important aspects of research collaboration is 
learning process among actors (Sargent & Wa-
ters, 2004; Priest et al., 2011; Niu & Qiu, 2014). 
However, it could not exist because of several 
factors. Kim and Park (2008) found that network 
structure became one of the important factors in 
the learning process. Meanwhile, Leung (2013) 
revealed that network ties, communication and 
actors reputation are the determinant factors of 
that process.

Research collaboration is within the social 
context, concerning human behaviors between 
two or more actors, where every actor conducts 
the role and function required to achieve the goal 
(Sonnenwald, 2007). All actors interact with each 
other during collaboration, where this process is 
influenced by the environment that is influenced 
by the process. Therefore, research collaboration 
is a non-linear, dynamic process with complex 
system characteristics (Wood & Grey, 1991). 

A wider study of the success of research 
collaboration was conducted by Butcher and 
Jeffrey (2007). From their personal perspective, 
the determinant factors were trust and personal 
relationship, motivation, interests and need, 
commitment and expertise. The success factors 
from the management side are clearly objective, 
agreement on the role, monitoring, communica-
tion, funding, size of organization, working time 
management and leadership. Meanwhile, Sargent 
and Waters (2004) built a framework for research 
collaboration. The framework consists of three 
factors, namely personal factors of actors (trust, 
communication, and attraction), phase of research 
collaboration process (initiation, clarification, im-
plementation, and completion) and environmental 
factors (institutional, national and international). 
All factors were interrelated and determined the 
success of research collaboration. 

There are similar factors of success between 
research collaboration for scientific output and 
research collaboration for innovation output 
which involved industry actors. Some studies 
revealed that personal factors (commitment, 
interests, network, trust, reputation) and manage-
ment factors (objective definition, mutual benefit 
agreement, organization) are the important factors 

for the success of the collaboration between aca-
demic and industry (Barnes, Pashby, & Gibbons, 
2002; Carise, Cornely, & Gurel, 2002; Valentin, 
Sanchez, & Martin, 2004). But, there are some 
significant factors in this collaboration. Jansen et 
al. (2008) explained that the initial period when 
individual, institution and administrative need 
to be synchronized is the crucial phase of the 
academic-industry collaboration. Meanwhile, 
Boehm and Hogan (2013) asserted that the 
process continuity is the key factor to achieve 
innovation through academic-industry collabora-
tion. Drivers of IRC, IRC patterns, IRC effects, 
IRC networks and IRC measurement (Chen et al., 
2019). In the context of a developing economy, 
the role of IRC to scientific outputs has been 
studied, for example, by the international research 
collaboration in Indonesian Research Organiza-
tion (Fizzanty et al., 2012), while its contribution 
to innovation especially in developing economy 
has not been studied. The question is how the 
international research collaboration could pro-
mote innovation in the context of a developing 
economy? This paper aims to present the results 
the international research collaboration process 
contributing to the innovation of a developing 
economy and the implications for innovation 
policy.

II. METHODOLOGY
The case study method by Yin (2003) was utilized 
to examine international research collaboration 
on medical innovation in Indonesia. The case 
study is international research collaboration, on 
innovation related to tropical medical problems, 
which are eight international collaborative 
research projects that facilitated collaboration 
between public research institutes, industries, 
universities, donors and government institutions 
as seen in Table 1. The primary information was 
gathered from a series of interviews with project 
coordinators or principal investigators from Indo-
nesia. The secondary information was collected 
from the Ministry of Research and Technology, 
project document and digital information.

Interviewing respondents required a mini-
mum of three hours. For each case study, at least 
two respondents were interviewed to obtain 
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qualitative information ‘process of collaboration’. 
They are one principal investigator or project 
coordinator from Indonesia and minimum one lo-
cal research collaborators working in hospital or 
companies or R&D institutions or other universi-
ties and also the Indonesian Ministry of Research 
and Technology (Kemenristek). The snowballing 
technique was applied to obtain information on 
who were involved in the international research 
collaboration. So, the total number of respondents 
for this study was 20 respondents. Due to limited 
access to interview international partners, a sec-
ondary information was collected from project 
documents and internet research particularly to 
obtain information on collaboration process from 
international partners.

The cross-case study analysis was employed 
to obtain a pattern of collaboration process. In 
order to obtain Indonesian perspectives on the 
issues of international research collaboration in 

medical/health, LIPI arranged a one-day work-
shop entitled “Opportunities and Challenges in 
International Research Collaboration in Support-
ing Innovation in Medical Sector”. There were 35 
participants from various institutions discussing 
the issues of international collaboration. Several 
resource persons from Indonesia in this workshop 
are representatives from the Ministry of Research 
and Technology, faculty of medicine from univer-
sities, R&D institutes, pharmaceutical companies 
and facilitated by the research team from LIPI. 

III. ANALYTICAL FRAMEWORK 
OF INTERNATIONAL 
RESEARCH COLLABORATION 
FOR IMPROVING INNOVATION 
CAPABILITY

Two bodies of literature examined in this study 
were the research collaboration, medical research 
and innovation system. The literature gave input 
to the theoretical framework of this study.

Table 1.  
The Case Studies of International Research Collaboration 

No 
Research 
Project

Actor 
Project Term

Local (Indonesia) Foreign

1 Stem Cell

Research Center (RC) in University O University Hospital in Singapore

since 1988
Regional Public Hospital P University A in Australia
National Public R&D Q University B in UK
State Owned Pharmaceutical Company R University C in Japan

2 Dengue
Research Center (RC) in University O University D in Japan

since 1986University S Private Biotechnology Company in 
Australia

3 Hepatitis
Research Center (RC) in University O University D in Japan

2010–2014Ministry of RT University E in Japan
 MEXT Japan

4 HIV

Research Center (RC) in University O  University D in Japan

2010–2014
State-owned pharmaceutical company T
University S  
Ministry of RT

5 Rotavirus
Research Center in University U Research Institute F in Australia

since 1976
State-owned pharmaceutical company V  

6 Cough 
Recorder Research Center in University U University G in Australia since 2009

7 TB and 
Dengue

University W International Research Institute H in 
Singapore since 2007

Research Institute X  

8 Dengue
University W International Foundation I

since 2009Research Institute X Multinational Company J
 University K in Netherland

Source: Kusnandar et al. (2013) 



T. Fizzanty, Kusnandar,  S. Setiawan, R. Manalu, and D. Oktaviyanti/J.STI Policy Manag. 5(2) 2020, 161–178  165

collaboration will achieve the goal and give equal 
benefit to all actors. There are several factors 
affecting the success of research collaboration. 
Those factors can be divided into three elements, 
namely personal and team characteristics, process 
of collaboration, and environment (Amabile et 
al., 2001; Sargent & Waters, 2004).

The first element, personal and team char-
acteristics, motivation becomes the fundamental 
element for every actor to form and collaborate. 
Melin (2000) stated that the main reason behind 
the collaboration is the need of a researcher that 
can be categorized into material, knowledge, and 
social needs. However, the actor of collaboration 
may not only researchers, but also industries and 
governments. So, they also have motivations in 
doing research collaboration. Autio, Hameri 
and Nordberg (1996) divided the motivations of 
research collaboration in six categories; techno-
logical, epistemic, financial, educational, political 
and strategic. Those motivations are different 
among researchers, industries, and governments. 
The main motivation for researcher is scientific 
improvement, for industries is innovation and 
business improvement, and for governments is 
national capacity enhancement in science, tech-
nology, and industry (Autio et al., 1996). 

Because of the various motivations among 
actors, the most important thing that must exist 
in research collaboration is trust (Amabile et 
al., 2001; Sargent & Waters, 2004). Trust is the 
fundamental element which should be owned by 
every actor in collaboration. Trust can be defined 
as the willingness to rely on another party and 
to take an action which can make another party 
vulnerable (Doney, Cannon, & Mullen, 1998). 
In the context of research collaboration, trust is 
related to researchers' integrity, expertise, positive 
personal characteristics and time management 
capacity (Boehm & Hogan, 2013). Trust cannot 
be owned instantly, it requires time to build and 
maintain through work relationship (Leung, 
2013). Previous experience and repeated coop-
eration could foster mutual trust and confidence 
(Beaudry & Schiffauerova, 2011). 

The second element is the process of col-
laboration. One of the important factors was 
the effective communication—that can be 

1. Research Collaboration
Research collaboration was defined as the co-
operation of researchers in scientific activity to 
achieve a common goal (Katz & Martin, 1997). 
Amabile et al. (2001) defined research collabora-
tion as people with different interests who work 
together to achieve a common purpose through 
interactions, information sharing and activities 
coordination. Meanwhile, Sonnenwald (2007) 
asserted that research collaboration lies within a 
social context, involving human behavior between 
two researchers or more, sharing knowledge and 
completing tasks to achieve a common goal. In 
line with those definitions, Bammer (2008) stated 
that research collaboration can be viewed as using 
various perspectives and skills to deal with the 
issue of interest. According to those definitions, 
we concluded that research collaboration was 
characterized by three important factors, namely 
a common goal, existing of scientific activities 
and involving actors with various perspectives.

Although there are some definitions of 
research collaborations, sometimes people are 
confused in distinguishing whether a certain actor 
is a part of the collaboration or not. In this study, 
we use criteria suggested by Katz and Martin 
(1997). A certain actor could be called as a part 
of the collaboration if they were included in at 
least one of the following activities
a) those who work on the collaboration from 

start to the end of project, or for a large part 
of it, or who make frequent or substantial 
contributions;

b) those whose names appear in the original 
research proposal;

c) those who are responsible for one or more 
of the main elements of the project, e.g., the 
experimental design, construction of research 
equipment, execution of the experiment, data 
analysis and interpretation;

d) those who are responsible for a key step; 
e) those who propose initial projects and/or 

provide funding. The success factors are 
associated with to research collaboration.
Although many studies have proved that 

there were many benefits from research collabo-
ration, there is no guarantee that every research 
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achieved by frequent meetings (Amabile et al., 
2001). In addition, they also stated that being 
well-organized was the determinant factor in the 
effective process of collaboration. Therefore, the 
planning step does not only examine the process, 
but also the initiation process (Sargent & Waters, 
2004). Thomson and Perry (2006) stated that col-
laboration is a continuum process of three stages; 
negotiation, commitment, and implementation. 
They also explained that those stages are not 
a linear process, but iterative and cyclical. For 
the research collaboration process, Sargent and 
Waters (2004) provided the framework used in 
this study. Based on that framework, research col-
laboration consists of four stages which happened 
in a cyclical process.
a) Initiation phase focused on actors' motiva-

tion to be involved in collaboration. This can 
be divided into instrumental and intrinsic. 
Instrumental is related to complementary 
skills, knowledge and data access opportuni-
ties. The intrinsic motivation involves the 
enjoyment of working with other person 
and building a long-term relationship and 
networking.

b)	 Clarification	phase that researchers clarify 
the goal of collaboration and any properties 
of collaboration such as the scope, duration, 
number and kinds of actors who will be 
involved.

c) Implementation phase that collaborators play 
a role in conducting the research project ac-
cording to the previous plan. 

d) Completion phase where outcome and the 
likelihood of collaboration in the future will 
be evaluated.

The elements of personal and team character-
istics and process of collaboration are influenced 
by the last element that is environment. Sargent 
and Waters (2004) categorized the environmental 
factors into three types; institutional support, 
resources, and climate. Institutional support will 
influence the time and resources to a collabora-
tion project (Amabile et al., 2001). The other 
contribution of the institution is administration 
process (Sargent & Waters, 2004) which was 
important because the success in collaboration 
not only needs social capacity to build a relation-

ship, but also administrative capacity through 
coordination and element of hierarchy (Thomson 
& Perry, 2006). For the resources factor, the most 
important is funding because it can determine 
the project's scope and duration (Sargent & 
Waters, 2004). Funding also becomes the factor 
that attracts researchers and also industries to 
interact with each other (Rigby & Edler, 2005). 
Meanwhile, climate factors are defined as policies 
and strategies of institutions and nation regarding 
research collaboration (Sargent & Water, 2004). 

2. Innovation in Medical Sector
Based on Schlich and Tröhler (2006), medical 
innovation can be defined as the process of intro-
ducing a new medical technique or drug. Medical 
innovation can be divided into three types; drugs, 
medical devices and surgical procedures (Gelijns 
& Halm, 1991). We defined those three types 
from the U.S. Food and Drug Administration 
(U.S. FDA). Drug is any substance, other than 
food, which is used to diagnose, cure, mitigation, 
treatment, or prevention of disease, and it could 
affect the structure or any function of human or 
animals body. Medical device is defined as an 
instrument, apparatus, implement, machine, con-
trivance, implant, in vitro reagent, or other similar 
or related object used for diagnosis, treatment, 
or prevention of disease which did not affect the 
body through chemical action. Meanwhile, surgi-
cal procedure is defined as a clinical procedure 
carried out under direct visualization.

The characteristics of the innovation process 
in the medical sector are different from other sec-
tors due to the risk associated with the product. 
The risk becomes the most important factor in 
medical innovation because it directly affects the 
human body (Gelijns & Halm, 1991; Schlich & 
Tröhler, 2006; Coccia, 2012). Sometimes, it is dif-
ficult to fully understand how the disease works 
in the body, therefore the clinical procedure does 
not need a solid understanding of the disease but 
adopted from the recursive application (Tomás & 
Consoli, 2012). Innovation in the medical sector 
not only has short-term direct risks, but also side 
effect risk in the long term, either moderate or 
severe (Coccia, 2012). That is why, it needs the 
experimental step to the new technology in the 
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medical sector to prove that the product is safe 
for human (Yaqub & Nightingale, 2012). 

Based on its types, product innovation 
in the medical sector can be divided into two, 
pharmaceuticals and diagnostical. Pharmaceutical 
aims to develop drugs to influence the human 
body structure or function (FDA, 2010). Medi-
cal diagnostic is diagnostic devices used in the 
medical sector. Both medical innovations have 
a similar process in research commercialization 
(Figure 1).
1) Pre-discovery phase
 Researchers are working to understand the 

basic characteristics of certain problems 
(causes of disease, etc.) which will be used 
for the next research stage.

2) Exploratory phase or pre-clinical trial
 The output of discovery is reviewed more 

intensively and tested at laboratory scale. 
The two testing are in vivo (testing at the 
outside of the body) and in vitro (animal 
testing). 

3) Proof of concept or clinical trial
 Once the lab testing is passed, the next stage 

is testing the output of the project. Clinical 
trial is testing at the human body consists of 
three phase; phase-1 safety test of new drugs, 

phase-2 testing on volunteers in a large 
sample and phase-3 testing at community.

4)	 Confirmatory	phase
 The passed concept is then tested in larger 

samples to convince than the output is ef-
fective. The last is manufacturing and post 
marketing monitoring. The official institu-
tion will review the innovation, followed by 
manufacturing of new products and market 
monitoring for at least four years.

3.  Analytical Framework: Research 
Collaboration, Learning and 
Innovation Capacity

This study described the relationship between 
research collaboration, learning process and 
innovative capability hypothetically. Collabora-
tion could lead to innovation if the relationship 
is based on trust, commitment, implementation 
capability, and mutual benefit and supported by 
knowledge absorptive capability and learning 
process and the ability achieve the highest outputs 
of the project.

The analytical framework used in this re-
search (Figure 2) was modified from combining 
the four stages of collaboration process, namely 
initiation, clarification, implementation and 
completion (Sargent & Waters, 2004) and three 

Pre Discovery
Phase

Biomarker development
(Target Identification)

Companion diagnostic 
feasibility and utility
(Patient selection)

Discovery
Phase

Exploratory
Phase

Proof 
of Concept

Confirmatory 
Phase

Discovery Pre-Clinical Trial
Clinical Trial 

Phase I Phase 
II

Phase 
IIb

Phase 
III

FDA 
Review

Mfg and post 
marketing 
monitoring

Investigational 
New Drugs (IND)

New Drugs 
Application (NDA)

Dx launch/Post-
launch assesment

(Tailored prescribing 
and monitoring)

Pharmaceuticals

Diagnostical

Source: Kusnandar et al. (2013) (constructed from Roche (2013), Ernst & Young (2000) and Innovation.org 
(2007))

Figure 1. Commercialization Process of Medical Research Outputs 
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stages of collaboration process such as negotia-
tion, commitment and implementation (Ring & 
van de Ven, 1994). The modified framework 
suggested four stages of cyclical collaboration 
process, including initiation and negotiation 
(stage-1), clarification and commitment (stage-2), 
implementation (stage-3) and output and outcome 
(stage-4). 

Every actor has their own motivation and 
expectations of the research collaboration, de-
pending on the person's problems, institution and 
collaborative environment. At the initial process 
of collaboration, negotiation among actors are 
commonly practiced. Hence, the initiation and 
negotiation process should be in the first stage. 
This is an important stage in collaboration to en-
sure that all parties discussed the contribution and 
benefits shared by all actors. Once the consensus 
is achieved, all actors are expected to contribute 
and committed to reach the end goals. The output 
of research collaboration is publication, patent, 
knowledge transfer, human resource capacity, etc. 
When every actor shares resources and applies a 
learning process to improve their capacity, the 
project is expected to achieve its objective, and 
the results are potentially utilized. The impact of 
research collaboration could improve scientists' 
career, promote innovation for industry or com-
munity, transfer knowledge to support learning 
process, and increasing researchers' capacity and 

competency. The relationship between actors, 
collaborative process, output and impact, and 
collaboration environment are described in Figure 
2 as the analytical framework of this study.

IV. RESULTS AND DISCUSSION

1. Result

Characteristics of International Research 
Collaboration Projects
The two types of medical innovation products are 
pharmaceutical and diagnostic. Eight collabora-
tive projects were examined and found that none 
of the collaborative projects reached the com-
mercialization stage. Three international research 
collaboration projects in pharmaceuticals were 
still at the pre-discovery stage, two projects in 
diagnostic tools were at the pre-clinical trials 
(cough recorder and hepatitis) and three projects 
have reached the clinical trials, such as collabora-
tive research projects in rotavirus, stem cell and 
dengue (Table 2).

Process and Management of International 
Research Collaboration 

Pre-discovery
At this stage, only academia were involved in 
the collaboration. Research topics or themes 
were normally a part of the negotiation process 

Institutional 
Support

Interpersonal Process 
(trust, communication & 

attraction)

Initiation and 
negotiation

Motivation and stakes

Clarification and 
commitment

Nature of Project

Implementation
Roles and activites

Ouput and Outcome
• Scientific ouput, 

Innovation ouput
• Outcomes in terms of 

objective success, 
subjective success, 
and learning

Resources
Climate: national 
and institutional

lingkungan

lingkungan

lingkunganEnvironment Environment

Environment

Source: Kusnandar et al. (2013) (modified from Sargent and Waters (2004) and Ring and van de 
Ven (1994))

Figure 2. Analytical Framework of Research Collaboration
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of all collaborators. However, this was not the 
case in the eight international projects. Foreign 
partners performed significantly in determining 
the theme of collaborative research projects. It 
was comprehensible, as both partners have a gap 
in innovation capacity and foreign partners took 
a role as a main funding source and research 
infrastructure provider for the projects. The 
knowledge transfer from foreign researchers to 
Indonesian partners was commonly practiced. 
The research was mostly located in Indonesia, 
and both partners made co-publication (Figure 3).

Diagnostic Case at Pre-clinical Stage/ 
Biomarker Development 
The case studies were identified at the stage of 
biomarker development. All academics were 
engaged at this stage, and each actor had differ-
ent competence. At the negotiation process, the 
project theme was proposed by foreign research-
ers and discussed with Indonesian researchers 
to come with consensus. The project aimed to 
produce diagnostic kits which have potential in-
novation in the future. At the clarification process, 
foreign partners agreed to provide funding and 

Table 2.  
Cluster of Study Cases based on Research Objectives and Innovation Stages

Pre Discovery
Pharmaceuticals

Discovery Pre-Clinical Trial Clinical Trial

1. TB dan Dengue 
    (Case Study 7)
2. HIV (Case Study 4)
3. Dengue
    (Case Study 2)

  1. Rotavirus (Case Study 5)

  2. Stem Cell (Case Study 1)

  3. Dengue (Case Study 8)

Diagnostics

Biomarker Development Companion Diagnostic Feasibility and 
Utility

1. Cough Recorder (Case Study 6)  
 2. Hepatitis (Case Study 3)  

Source: Kusnandar et al. (2013) 

Source: Kusnandar et al. (2013)

Figure 3. Actors, Interaction and the Environment of International Research Collabora-
tion in Indonesia at Pre-discovery Stage 
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research equipment, while Indonesian researchers 
provided the sample data. Unfortunately, all par-
ties did not have legal standing support to ensure 
all parties have mutual benefit from the project 
outputs.  

At the implementation stage, the projects 
were conducted through joint activities. In this 
process, knowledge transfer from foreign re-
searchers to local partners mostly raised in terms 
of training and learning by doing. However, at 
this moment none of all case studies of biomarker 
development have produced diagnostic kits, only 
joint publication (Figure 4), since the project was 
not completed.

Clinical Stage for Pharmaceutical Case
In the case of pharmaceuticals, both academia 
and industrialists were involved in the clinical 
stage. At the beginning, academia with various 
competencies made decisions on project theme 
who have various competences. Contrary to the 
previous case, both actors in this case determined 
the project theme, since all actors have equal 
and complement capacity in research. All actors 
conducted collaborative research and knowledge 
sharing in two ways. 

Industrialists were interested in making a 
partnership after the project had shown market 
potential and ready to have a clinical test. Aca-
demia were still took a role at this stage. It takes 
a long period (more than ten years normally) 
for pharmaceutical research to do the clinical 
trial and reach the commercialization stage, as 
it requires a large amount of funding. Therefore, 
the involvement of business or industry is es-
sential (Figure 5). Once the clinical trial has been 
completed, industrial R&D could use the result 
for product development.

2. Discussion

The Basic Principles of International 
Research Collaboration
Scientific competence and network were found 
essential as the basis for international research 
collaboration and building trust among collabora-
tors. The researchers' competence was usually the 
main reason behind the collaboration. Scientific 
meetings and scientific publications are the best 
way for researchers to know their partners’ repu-
tation in science. Competence-based trust was 
the basis for collaboration (Sargent & Waters, 
2004). In addition, network had a significant role 
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Figure 4. Actors, Interaction, and the Environment of International Research Collaboration 
on Diagnostic Pre-clinical Stage or Biomarker Development 
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in international research collaboration. It was 
established through alumni network and previous 
experience in collaboration. The network will pro-
vide a recommendation for future collaboration. 
Ring and van de Ven (1994) suggested that col-
laboration emerges from individual interactions 
through formal and informal activities, followed 
by developing rules and structure of partnerships 
to ensure all parties will obtain mutual benefits.

In addition, resources ownership or acces-
sibility was also an essential factor in establishing 
IRC. The cases of international collaborative 
projects have shown that better access to financial 
and research equipment were the main reasons to 
create partnerships with researchers in advanced 
economies. Meanwhile, foreign researchers 
were interested in working collaboratively with 
 Indonesian researchers for several reasons, 
especially because the access to Indonesian bio-
resources and many cases of human diseases were 
easily found in Indonesia. The gap in scientific 
knowledge, funding and facility between the 
developing economy (Indonesia) and its foreign 
partners influenced how resources and activities 
were distributed among team members. For 

example, at the pre-discovery stage, partners of 
Indonesia were responsible for collecting the data 
or samples in Indonesia, while foreign partners 
provided funding, and research equipments as 
well as knowledge transfer to Indonesian partners. 

The gap of resource ownership among col-
laborators will likely determine the  bargaining 
position of each partner. The higher gap of 
resources among collaborators, the higher gap of 
benefits will occur. Within this situation, a certain 
cost is being applied to promote collaboration 
(Snowden, 2002). As a consequence, collabora-
tor with lower bargaining level may have less 
opportunity to obtain higher benefit, which is 
also known as the halo effect (Thorndike, 1920). 
Every collaborator will examine their partners' 
prestige such as competence, authority and 
resources, and track record (Sine et al., 2003). 
The initiative stage is therefore critical for the 
success of collaboration and share mutual benefits 
to all collaborators. At this stage, the collabora-
tors discussed the research project in terms of 
the research theme, job allocation and research 
outputs and utilization. 

Source: Kusnandar et al. (2013)
Figure 5. Actors, Interaction and the Environment of International Research Collaboration on 
Pharmaceutical Case at Clinical Trial Stage
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Case studies in Indonesia medical research 
projects confirmed that the capacity of collabora-
tor in funding provision and research infrastruc-
ture contributed to the successful negotiating 
process. Funding is the main resource for research 
collaboration as it defines the project scope, time 
frame and research depth (Sargent & Waters, 
2004). The fact was limited research funding 
in Indonesia was scattered in various research 
institutions. At a given condition, the bargaining 
position of Indonesian researchers in international 
research partnerships could be at risk, particularly 
in scientific ownership and innovation. 

Scientific reputation was the main con-
tributor to successful international research 
collaboration. To some extent, Indonesia shall 
have bargaining position in related to scientific 
data from natural reseources and socio-cultural. 
Without any access to the data, the research 
projects cannot be succeed. Indonesian collabo-
rators frequently considered that scientific data 
obtained from Indonesian natural resources was 
not always the basis or instrument for researchers 
in negotiation with their international partners. In 
fact, scientific reputation was the most influen-
cal factor in negotiating projects of international 
scientific collaboration. Reputation is not given, 
but deserved recognition due to their contribu-
tion to scientific and acknowledged by scientific 
community. When both partners were balanced in 
scientific reputation, such as the case study in the 
clinical trial, both partners determined the project 
and when the project could reach innovation 
stage. The principles of scientific collaboration 
are described as follow (Figure 6).

The case studies have shown that the objec-
tive and time frame of research collaboration 
were likely to detemine the achievement of the 
collaboration. The outputs of collaboration in the 
case studies were mostly scientific publications, 
since the objective of collaborative projects was 
conducting basic research over a short term pe-
riod. Meanwhile, the innovation is resulted when 
the collaboration intended to create a new product 
or process, such as a new vaccine, medicine, or 
method and to build long-term partnerships from 
the research plan until the trial process.

Additionally, the outputs from basic research 
collaboration were not only scientific publication, 
but also promoting new knowledge. The new 
understanding or new knowledge sometimes 
is unpredictable. Sharing knowledge among 
research collaborators was an opening to the 
possibility of new findings. As Antonelli and Fer-
raris (2011) suggested that promoting innovation 
requires knowledge from various actors, no orga-
nization or individual could produce innovation 
on its own. The competence of researcher is an 
accumulated process. The impact of collabora-
tion is not only focused on the result, but also 
on a learning process among actors, which will 
provide long-term benefits for them (Sargent & 
Waters, 2004). The greater capacity output of the 
learning process will result in scientific outputs 
as indicated by their scientific reputation within 
the international academic community (Cooke, 
2005). The continuing learning process and their 
consistency in particular research fields is a neces-
sary condition to reach knowledge accumulation. 
Capacity development and scientific reputation 

Source: Kusnandar et al. (2013)
Figure 6. The Principles of International Research Collaboration on Pre-discov-
ery Stage Knowledge Sharing and Multi-disciplinary Team
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were essential to attract different competent ac-
tors involved in a collaboration to solve certain 
problems or organize applied research. This find-
ing is also confirmed by Fizzanty et al. (2012) 
in which one key of successful collaboration 
in innovation is building multi-disciplinary or 
inter-disciplinary research teams. Furthermore, 
the applied research could be implemented due to 
technology advancement. For example, research 
on developing a method for spatial dengue re-
pellent can be completed since the formula for 
mosquitos’ killer has been found. 

New products were resulted from accumu-
lated basic knowledge and actors’ collaboration. 
Once the research collaboration could produce 
something, the industry is being more interested 
in commercializing it. However, in the case of 
health products, it follow the medical standard, 
must conduct clinical trials that took a longer 
period and a large amount of funding. Conse-
quently, there must be planning to fund the 
research collaboration in promoting innovation 
in health products. Government funding is not 
adequate to fund the clinical trial, since the fund 
is only available for a short period and the gov-
ernment funding is often not sustainable (fund-
ing may cut off in the middle of the economy 

calendar). Therefore, a funding institution would 
be involved in order to fund the clinical trial.

Two modes can be applied in ensuring the 
successful collaboration at the clinical trial stage. 
The first mode is involving a business or a firm 
to fund the clinical trial stage. Nevertheless, the 
firm has a right to be the producer or marketer 
for the new product. All of the process relies 
on intellectual property rights of all actors in 
the collaborative project. The second mode is 
engaging with funding institution that can provide 
a long-term funding where the institution and 
academia agree on intellectual property rights of 
the innovation. One day, when a business or a 
firm is interested to manufacture the innovation, 
it can buy the rights from the funding institution. 
The international research collaboration aims to 
promote innovation is presented in Figure 7 and 
Figure 8.

A business or a firm normally will decide 
to produce a new product from a research after 
calculating its market potential. Accordingly, 
the industry will evaluate its financial capability 
and technological capability to produce a new 
product. In summary, the research collaboration 
towards innovation requires a system which is 
complex and adaptive.

Source: Kusnandar et al. (2013) 
Figure 7. Mode-1: The System of International Research Collaboration to Promote Innovation
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The Environment of International Research 
Collaboration to Promote Innovation
Research collaboration is an iterative process in 
which actors interact with their own competence 
and both are interested in particular issues. Con-
sequently, the research institution should create 
an organizational environment in which the actors 
will likely interact with international partners. The 
interaction can be achieved through direct meet-
ings, such as a conference, workshop and indirect 
mode (e.g., international publication). Therefore, 
the management of research organizations should 
facilitate the funding and encourage the members 
to participate actively in the activities.

The collaboration generally occurs when the 
collaborators begin their partnership with infor-
mal relationships. A formal agreement could not 
guarantee the collaboration. Fizzanty et al. (2012) 
suggested that many international research col-
laborations were not sustainable due to a research 
theme that was not a part of researchers’ interest 
and trust among collaborators at implementation 
level was not established. The management of 
the organizations could promote the international 
research collaboration by providing support for 
researchers to participate in international meet-
ings, bring the individual collaboration to insti-
tutional partnerships and many other issues that 
could support the collaboration to be succeeded.

To proceed with discovery or applied re-
search, various competences would be essential 
in its collaborative projects. To conduct a product 
innovation research in Indonesia, a collaboration 
with international partners is necessary, but it is 
not sufficient. Strengthening collaboration among 
related stakeholders in Indonesia is essential to 
create a more open environment for organiza-
tions, reduce institutional egoism, and facilitate 
actors' collaboration across institutions. 

In the health sector case, to bring research 
into innovation requires particular and long-term 
processes especially in facilitating the clinical 
trial. As a consequence, a large amount of a 
long-term funding should be provided. Whereas, 
the government funding system with a short-term 
period and annual output evaluation is not com-
patible with the characteristics of research and 
innovation. The government funding for bringing 
research to innovation was also limited especially 
for the clinical trial. Whereas, the clinical trial is 
a critical stage in commercializing innovation in 
health, but most innovation failure occurred in 
this stage.

To solve the funding issue in promoting 
innovation in medical research in Indonesian con-
text, partnerships between industries and public 
to support funding in the clinical trial is essential. 
The business would get the benefit to produce 

Source: Kusnandar et al. (2013) 
Figure 8. Mode-2: The System of International Research Collaboration to Promote Innova-
tion

 

Academics

Research 
Collaboration

Learning

Academics

Tr
us

t

B
al

an
ce

d 
P

os
iti

on

Reputation

Reputation

Competency

Competition

Network

Network

Foreign

Indonesia Sample

Fund, Equipment

Publication

Other field 
academics

Other field 
academics

Research 
Collaboration

Learning
Findings Clinical 

Trials
Product 

passed the test

Industry

Funding 
Agency

IPR Aggreement

Cross field 
academics

Cross field 
academics

Competency

Competency

Tr
us

t

Ba
la

nc
ed

 P
os

iti
on

Network

Network

issues, technological 
developments, samples

issues, technological 
developments, funds, equipment

market potential

Innovative Product

Reputation

Reputation

Funding 
Agency

Planned Funding 
Support



T. Fizzanty, Kusnandar,  S. Setiawan, R. Manalu, and D. Oktaviyanti/J.STI Policy Manag. 5(2) 2020, 161–178  175

and market the innovation. However, Indonesian 
industries only utilize existing technologies for 
producing products, and lack of concern and 
vision to take a role in R&D. Accordingly, the 
industry is dominated by small-scale firms with 
limited financing and market share. Meanwhile, 
R&D activities require a big investment and high 
risk for small businesses. Case studies in this 
research confirmed that only large businesses, 
such as state-owned companies were involved 
in research collaboration. 

Progress in regulation has been made in 
promoting partnerships between academia and in-
dustries in Indonesia. In 2013, when this research 
was conducted, the regulation of intellectual 
rights in Indonesia was still absent. Accordingly, 
no clear rules on how the industry is able to buy 
technology from the research collaboration, and 
how the benefit will be shared between research-
ers and inventors. Without this, researchers would 
have less incentive to conduct the best research 
practices and innovation. 

Since 2015, the Indonesian Ministry of 
Finance (No. 72/PMK.02/2015) has launched a 
regulation to stipulate reward to inventor from 
royalty patent as nontaxable state income. The 
regulation has explicitly stated reward tariff from 
the total amount of royalty. For example, with a 
total income less than Rp100 million, inventors 
will receive 40% of royalty and smaller propor-
tion of it when they receive a larger amount of 
income from the invention. 

The Law of National Innovation System 
on Science and Technology was just officially 
launched on August 13th, 2019. The new law 
aims to strengthen the national innovation sys-
tem and promote the utilization of innovation in 
Indonesia. In order to promote innovation, some 
initiatives were promoted, for example, govern-
ment incentive (tax deduction 300%) for business 
whom investing in R&D, and human resource 
mobilization between academia and business, 
public procurement or demand to create a market 
for local innovation.

Meanwhile, the law also regulates permit 
for international research organizations and re-
searchers in conducting research, development, 
assessment and application of collaboration in 

Indonesia. Promoting technology transfer from 
international partners to local partners provide 
a clear benefit to solve problems in Indonesia 
and involve S&T human resources who are 
competent to implement international projects. 
Meanwhile, the law also regulates the Material 
Transfer Agreement and the obligation of storing 
the primary data of research from international 
collaboration in Indonesia. 

In summary, the Law of National System 
in S&T will force the international research col-
laboration to provide a balance and fair authority 
for each partners. It may reduce Indonesia col-
laboration in international research consortium, 
whilst, opening the possibility for local inventors 
to commercialize their innovation to national 
or local government and business. Designing 
thoughtful policy implementation is important 
to reduce counter-productive promotion of in-
novation by tapping into international research 
collaboration.

V. CONCLUSION AND POLICY 
IMPLICATIONS

1. Conclusion
a) Competence in research and research sup-

port, such as the access to research samples, 
the availability of research funding and 
equipment could be attractive factors in 
research collaboration. However, scientific 
competence is the main attribute to be a 
trusted partner and have an equal position 
in international research collaboration. 

b) International research collaboration could be 
utilized to increase scientific capacity and 
competence through the learning process 
among collaborators. In the long term, the 
international research collaboration can 
produce innovations if working in multi-
disciplinary research. 

c) In conducting the research, the international 
partners mostly provided funding, equipment, 
and research experts. Whereas, Indonesia, as 
a developing economy, provided sample and 
research experts

d) To produce innovations in the medical, 
research, the success of clinical trials needs 
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a large and long-term funding support. This 
research found that none of international 
medical research projects had reached the 
commercialization stage, but some of which 
were in the beginning of a clinical trial stage. 
Hence, engaging with industries is essential 
to support funding towards innovation. As a 
benefit, the industry will obtain the right to 
produce and market the innovative products 
based on the agreement contracts with 
academia. 

2. Policy Implications
a) The most effective strategy to promote 

international research collaboration is 
through bottom-up strategy, that is begun 
with personal relationships and move toward 
formal or institutional partnerships. Hence, 
R&D leaders should support and facilitate 
researchers in their institution to interact 
and make partnership with international 
researchers.

b) In order to bring research into innovation, 
international collaboration could be a key 
strategy for Indonesia. On top of that, 
strengthening national collaboration among 
R&D organizations in Indonesia is essential 
to promote innovation.

c) Evaluating the ministry regulation on royalty 
patent is a priority to ensure an effective 
regulation to motivate researchers to bring 
their research outputs to innovation. 

d) Designing thoughtful implementation of the 
Law of S&T National System is necessary to 
minimize the counter-productive promotion 
of innovation by tapping into international 
research collaboration.
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