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We are very pleased to inform the readers that Journal of Science, Technology, & Innovation Policy
and Management (STIPM Journal) Vol. 3, No. 2, December 2018 is now ready for public reading and
views. STIPM Journal is an online research journal, managed by the Center for Science and Technology
Development Studies, Indonesian Institute of Sciences (PAPPIPTEK-LIPI).
This journal in fact provides scientific information needed mostly by research scholars. As a peer
reviewed journal, STIPM provides free public access to all articles. Two issues, namely scientific
review on variables and dimensions of national innovation capability, as well as research findings on
development and adoption of science, technology, and innovation policy and management from Japan
and Indonesia, are presented.
The first article “Internal Innovation Capacity and External Lingkages in Firms of ASEAN Economies Focusing on Endogeneity” is composed by Masaru OGAWA et al. This research article examines
the role of internal innovation capacity, which includes technological level, organizational learning, and
human resources on innovation. The second research article entitled “Drivers of Innovation without
Formal R&D: Selected Cases of Indonesian Firms”. This article is presented by Erman AMINULLAH
et al. The objective of this research study is to obtain a deep understanding about “why and how” firms
engaging in innovation without formal R&D, through deep analysis of three cases of firms in machinery
and food processing sectors.
Uruqul Nadhif DZAKIY presents an article entitled “Technology-based Start-up: A Formula to
become Sustainable Company in Indonesia, Lessons-learned from UAVINDO Nusantara”. UAVINDO
is a sample of technology-based company in Indonesia which has the characteristics of sustainable
company. The fourth article entitled “Development Strategy of National Microsatellite Industry: Case
Study of Indonesia”, is presented by Chusnul Tri JUDIANTO et al. By applying SWOT and Quantitative
Strategic Planning Matrix (QSPM) methods, this research identifies and analyzes the alternative strategy
from external and internal factors and selects the appropriate and precise strategy for developing the
microsatellite industry.
Hadi KARDOYO et al. present an article entitled “Knowledge Accumulation-based Entrepreneurship in the Creative Industry: A Case Study of Woodwork Firms in Indonesia.” This article describes the
activities of knowledge-entrepreneurship in four wood craft firms, namely Radio Magno, Stranough Guitar
Technologi, Secco Guitar, and Matoa Watch, and also shows some lessons from Knowledge Intensive
Entrepreneur (KIE). The last article composed by Ahmad Dading GUNADI et al. presents a “Scientifc
Review on National Capability Variables and Dimensions.” This paper analyses the dimensions and
variables of National Innovation Capability through a system approach that includes three sub-systems,
namely Input, Process, and Output.
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The purpose of this paper is to analyze the dimensions and variables
of National Innovation Capability. The findings in this paper are
to modify the dimensions of National Innovation Capabilities
developed by Chang and Lin (2012) by integrating dimension
of Network Innovation. This paper analyzes the dimensions and
variables of National Innovation Capability through a system
approach that includes three sub-systems, they are Input, Process,
and Output. Dimension of Network Innovation is an integral part
of the National Innovation Capabilities dimension. This dimension
is an important part because the National Innovation Capability
will depend on how the actors of innovation form networks and
interact among themselves. The input sub-system consists of the
dimension of innovation resources. The process sub-system consists
of the dimension of Innovation Demand, Innovation Network
and Innovation Diffusion. The output sub-system consists of the
dimension of innovation output. Each dimension has some different
variables. The entire dimensions and variables of these three subsystems become unified as the dimensions and variables of National
Innovation Capability.
©2018 PAPPIPTEK-LIPI All rights reserved

Keywords:
National Innovation Capability
Dimension
Variable
Sub-system

I. INTRODUCTION
According to Zheng (2006), nowadays, international competition is increasing so that national
innovation capability of a country becomes the
key of a core competition and sustainable development capability. The capability of innovation
* Corresponding Author.
E-mail: dading@bappenas.go.id

http://dx.doi.org/10.14203/STIPM.2017.138
2502-5996/© 2018 PAPPIPTEK-LIPI All rights reserved

plays an important role and determines who can
develop rapidly in this era of globalization. For
companies, innovation has the power to build
competitive advantage in relation to the globalization process. For a country, innovation capabilities are a source of prosperity and economic
growth (Belitz, Clemens, Schmidt-Ehmcke, &
Werwatz, 2008).
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The capability of national innovation can be
broadly defined as a country’s potential ability to
sustain innovation activities through the implementation of a national innovation system. The
criteria applied to measure national innovation
abilities vary according to the level of analysis
in each national conditions. Experts believe that
national innovation capabilities can be measured
through various aspects such as human resources,
knowledge creation, knowledge dissemination
and innovative financing (Commission of the European Communities, 2003). Watanabe, Akaike,
and Shin (2010) proposed the idea of combining
the system’s point of view with various mechanisms and grouping innovation processes into 3
sub-systems, namely innovation resource input,
innovation production process, and innovation
market output.
In the Global Competitiveness Report (GCR)
2017–2018 issued by the World Economic Forum
(WEF), the level of national competitiveness is
measured by three sub-indices, namely basic requirements, improved efficiency, and innovation
and sophistication factors. The three sub-indices
consist of 12 pillars, namely 1) institutions; 2)
infrastructure; 3) the macro-economic environment; 4) basic health and education; 5) higher
education and training; 6) efficiency of the goods
market; 7) efficiency of the labor market; 8) development of financial markets; 9) technology
readiness; 10) market size; 11) business sophistication; and 12) innovation. Stages of building
national competitiveness according to GCR are
divided into three stages 1) factor driven, in which
companies in a country compete based on base
price and sell staple products or commodities; 2)
efficiency driven, in which firms must begin to
develop more efficient production processes and
improve product quality; 3) innovation driven,
in which companies must compete by producing new and different goods using sophisticated
production processes. In 2017–2018, Indonesia’s
competitiveness status has risen, from 41 to 38
in 2016–2017. With this position, Indonesia is
at the efficiency driven stage and going to the
innovation driven stage.
On the 12th pillar, i.e innovation, there
are seven variables used as a measure, namely
1) innovation capacity; 2) quality of scientific

research institution; 3) company research and
development (R&D) expenditure; 4) collaborative R&D of higher education-industry; 5)
government procurement of high-tech products;
6) availability of scientists and engineers; and
7) patent cooperation treaty (PCT) application/
million population. In the year 2017–2018,
Indonesia’s ranking of innovation pillar is 31
from 151 countries, remained at the same rank
compared to 2016–2017. In detail, the data of the
last five years can be seen in Table 3. The three
lowest ranking variables, which contribute to the
level of innovation, that still need to be improved
are PCT application patents/million population,
quality scientific research institutions and the
availability of scientists and engineers.
Furthermore, in the Global Innovation
Index (GII) issued by the Institut Européen
d’Administration des Affaires (INSEAD), there
are seven variables used as a measure of innovation index, which are divided into two groups:
inputs and outputs. In the input group there are
five variables, namely 1) institution; 2) research
and human resources; 3) infrastructure; 4) markets; and 5) business. Meanwhile, in the output
group there are two variables: 1) knowledge
and technology; and 2) creativity. The ranking
of Indonesia has decreased from 87th in 2014 to
97th rank in 2015.
Indonesia needs to increase the rank of their
competitiveness and innovation index because
Indonesia will move to the stage of innovation
driven. One of the efforts is through enhancing
national innovation capability.
Relating to the national innovation capability, Chang and Lin (2012) have developed
dimension of national innovation capabilities
model in four dimensions, they are innovation
source, innovation demand, innovation diffusion,
and innovation output. These four dimensions
can already describe the stages of the system
approach, namely the input subsystem, process
subsystem and output subsystem approaches.
The input subsystem is innovation source. The
innovation demand and innovation diffusion are
the process subsystems. Meanwhile, innovation
output is the output subsystem.
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However, this model does not involve dimensions that describe the interaction between innovation actors. This interaction is very important
in the system approach and innovation process.
Therefore, this paper will modify the model
developed by Chang and Lin (2012) to be more
holistic and integrated. This model should be a
basic reference in enhancing national innovation
capabilities. The main source that will be used to
modify the model is some literatures related to
the national innovation capabilities.

II. LITERATURE REVIEW
Chang and Lin (2012) analyzed that national
innovation capabilities include four dimensions,
which are innovation source, innovation demand,
innovation diffusion, and innovation output. The
author uses empirical analysis of secondary data
World Development Indicator (WDI), Global Development Finance (GDF), International Institute
for Management Development (IMD), World
Economic Forum (WEF), World Intellectual
Property Organization (WIPO), United Nations
Educational, Scientific and Cultural Organization
(UNESCO) period 1991–2010 in 46 countries.
The results show that 1) there is a marked
relevance between the resource of innovation
(public and private R&D ratio) to Gross Domestic
Product (GDP), innovation demand (ratio of bank
credit to GDP) to output innovations (patents and
journals); and 2) there is no real relationship
between the diffusion innovation and the output
innovation.
Research conducted by Chang and Lin
(2012) has a limitation that the results of research may be different depending on time and
environment. They suggest advanced research,
data collecting and data analysis through other
longitudinal research methods. In addition, the
diffusion of innovation does not directly affect
the output of innovation. The popularity and
application of information and communication
technology is not only an indicator to measure
the diffusion of innovation, but the absorption
and transformation of knowledge is an important
indicator of the diffusion of innovation.
To perform the analysis and modification
of the model of national innovation capabilities
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that have been developed by Chang and Lin
(2012) is by comparing studies that have been
done related to the national innovation capability,
such as studies done by Natario, Couto, Tiago,
and Braga, (2011); Chen, Hu, and Yang, (2011);
Sun (2009); Turen, Dilek, and Gokmen, (2013);
Wong, Everett, & Nicholson, (2008); Chang and
Cui (2013); Stern, Porter, & Furman, (2000); and
Kutlaca (2008).
Kutlaca (2008) developed a model of
national innovation capability of Serbian state
taking into account the national statistical data
and measurement methodology used by OECD.
The concept of national innovation capability
of OECD consists of four dimensions, namely
the R&D provision, absorption, diffusion, and
demand. These dimensions are almost the same
as those developed by Chang and Lin (2102).
Several studies analyze variables that affect
national innovation capabilities, including Natario, et al. (2011), Chen et al. (2011), Sun (2009),
Wong, Everett and Nicholson (2008), Chang and
Cui (2013), Stern et al. (2000), and Castellaci and
Natera (2013).
Natario et al. (2011) conducted a study by
evaluating factors affecting national innovation capability, including analysis of small and
medium enterprise (SME) innovation capability
using cluster analysis method. From the results of
this evaluation, it was found that efficient institutional, national cultural dimension, infrastructure
training and financial resources, system interaction and entrepreneurship, respectively positively
influence the innovation capability. This research
presents some limitations of understanding of
micro mechanisms in making innovations. More
detailed analysis of the effectiveness of several
national innovation strategies is needed.
This research can also be developed by increasing the number of samples and considering
other countries, such as the United States and
Japan, given their history of innovation capabilities. In addition, further research could be done
by including micro level variables to measure the
real leverage of firms in countries with stronger
innovation capabilities.
Meanwhile, Chen et al. (2011) examines
how the innovation environment, in particular the
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national innovation system, influences the outputoriented R&D efficiency index by using linear
programming technique method in order to access
the decision-making unit efficiency (DMU). The
results obtained are 1) almost all countries have a
common R&D efficiency in terms of patents and
royalties and license fees (RLF); 2) transitional
countries such as Argentina, Romania and Russia
have greater efficiency in journal publications
than on patent applications and technology licensing; and 3) the interaction between private R&D
and college R&D has a positive relevance to the
R&D efficiency index.
Sun (2009) analyzed the influence of national
culture on national innovation capability with
benchmarking methodology of innovation culture
index. The results obtained are innovation culture
variables that include individual nature, power
distance, and avoidance of uncertainty related to
national innovation capability.
Similarly, studies conducted by Wong et
al. (2008) related to the influence of culture on
innovation capabilities. In the review conducted,
it was obvious that the national cultural relations
with innovation were based on three perspectives:
divergent, convergent, and crossvergence. The
methodology used is a literature study of past
research on culture, as well as culture and innovation. The result is that the crossvergence
product (Chinese American culture) has a higher
innovation potential than the interaction between
Chinese culture. In general, Western culture tends
to be more innovative than Asian cultures.
The relationship between technology transfer and diffusion (international trade, Foreign
Direct Investment or FDI), R&D institutions
with national innovation capabilities was tested
by Chang and Cui (2013). The result obtained
from the research was that there were a long-term
relationship between transfer and diffusion of
transnational technologies with national innovation capabilities. In addition, there was a causal
relationship between transfer and diffusion of
transnational technologies with national innovation capabilities.
Stern et al. (2000) analyzed the determinants
of R&D productivity at the national level, specifically testing the relationship between international

patents in the USA and the variables associated
with the national innovation capability framework. This study was conducted based on data
from 17 countries of Organization for Economic
Co-operation and Development (OECD) in the
period 1973–1996. The results of the research
showed that international patent productivity is
characterized by R&D financing factors, R&D
workforce, Intellectual Property Right (IPR)
protection policy, international trade openness,
and research by private-funded universities.
Meanwhile, there are studies showing that
the dynamics of national innovation systems are
driven by the co-evolution of three variables of
innovation capability (input innovation, scientific
output, and technology output), and three factors
of absorption capability (infrastructure, international trade, and human resources). This study
was conducted with empirical analysis through
the application of a set of indicators to measure
national innovation capability in 89 countries
during the period 1980–2007 (Castellacci &
Natera, 2013).
In addition, there were studies that analyzed
the national innovation capabilities as an integration of regional innovation capabilities. These
studies were conducted by Qing-dong and Jing
(2010). They analyzed national innovation capability through the calculation of integration of
innovation capability of each region in China. The
methodology used was the analysis of principal
components (PCA) in 15 provinces. The results
of his research enables the calculation of the total
capability of innovation area. In addition, it can
determine a number of areas that have the best
innovation capability, for example there are five
best areas in terms of innovation development
components, namely Beijing, Shanghai, Tianjin,
Zhejiang, Jiangsu. In addition, it revealed the difference in economic growth between the central
and western parts of eastern China in 2008.
Furthermore, Manzini (2012), stated that the
national innovation system consists of network
interaction policies, institutions and organizations that function holistically, and depends on
the quality of cooperation between innovators.
The synergy of innovation actors that interacts
with each other will bring technological learning. Whereas learning technology facilitates the
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improvement of national innovation capability
to innovate.
Innovation Union Scoringboard (2014)
distinguishes three main types of indicators; they
are enablers, firm activities and outputs. Then
they are divided into 8 dimensions of innovation
and 25 indicators. Two of the indicators is SME
collaboration, and joint public-private publications. Meanwhile, the dimensions of the national
innovation system developed by the Australian
Innovation Scorecard consist of the creation of
knowledge, human resources, finance, knowledge
diffusion, college and industry cooperation, and
market output.
According to Qiquan, Changlin, Welguo, and
Chen (2006), the national innovation capability
index includes innovation input, knowledge creation, diffusion and application of knowledge, and
innovation output performance. The innovations
used in European Indicator measurements consist
of four groups: human resources, knowledge
creation, diffusion and application of knowledge,
financial innovation, output and markets. Meanwhile, innovation performance indicators used by
Australia include human resources, knowledge
creation, financial support, knowledge diffusion,
international cooperation, and market benefits.
Canada also uses innovation performance indicators that include human resources, knowledge creation, financial innovation, economic
performance, and international cooperation. In
summary, innovation performance indicators
in Europe, Australia and Canada can be seen in
Table 1.
The global innovation index includes two
sub-index dimensions, namely innovation input
sub-index and innovation ouput sub-index, each
dependent on the pillar. The five pillars that in-

clude the innovation input sub-index related to the
national economy are 1) institutions, 2) research
and human capital, 3) infrastructure, 4) market
perfection, and 5) business perfection. These
five pillars are very important as environmental
prerequisites for national innovation capability.
Meanwhile, there are two pillars as the innovation
output sub-index: 1) the output of technology and
knowledge; and 2) creative output. These two pillars show evidence of national innovation output
(INSEAD, 2017).
Comparison of models of national innovation
capabilities developed by Chang and Lin (2012)
with other studies can be seen in Table 2. The
table dimensions of innovation capabilities are
grouped into five dimensions, they are innovation resources, innovation demand, innovation
networks, innovation diffusion and innovation
output. Nevertheless, some studies which have
been done are still partial. The studies analyzed
more of the relationship among the dimensions
or variables of national innovation capabilities.
Only the study done by Chang and Lin (2012)
which had combined the 4 dimensions in their
analysis, namely the innovation resource, innovation demand, innovation diffusion, and innovation
output. Innovation networks are not included in
this model.
Innovation network is very important to
be part of dimensions of innovation capability
because in innovation, interaction will occur
between innovation actors. The intensity of interaction among innovation actors in the national
innovation system will enhance the capability of
national innovation. According to OECD (1997),
innovation performance of a country depends on
how much the actors are interconnected as an

Table 1.
Innovation Performance Indicators in Europe, Australia, Canada
1.
2.
3.
4.
5.

Europe
Human resources
Knowledge creation
Diffusion and knowledge
application
Financial innovation
Output and market

1.
2.
3.
4.
5.
6.
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Australia
Human resources
Knowledge creation
Financial support
Knowledge diffusion
International cooperation
Market advantage

1.
2.
3.
4.
5.

Canada
Human resources
Knowledge creation
Financial innovation
Economic performance
International cooperation
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Table 2.
Dimensions and Variables of National Innovation Capability
Dimensions of National Innovation Capability
Authors
Chang and Lin,
(2012)

Natario, et. al.
(2011)

Chen, et. al.
(2011)

Innovation Resource
R&D fund, business
investment,
education fund,
educated human
resources
Infrastructure,
culture, human
resources, finance,
institutional
efficiency

Innovation
Demand
Credit funds,
capital markets,
foreign trade FDI,
population, GDP

Kutlaca, (2008)

Innovation Diffussion
Personal users of
computers and
internet users

Collaboration
between
companies

Innovation capability

FDI

Output of science
and creative output
Innovation capability

Innovation
culture

Financing, human
resources,
protection of
intellectual property
rights (IPR)
Absorption
capability, R&D
capability

Patent, journal

R&D efficiency index
Innovation
culture

Human
development level

Innovation Output

Entrepreneurship

Environmental
innovation

Sun (2009)
Turen, et. al.
(2013)
Wong, et. al.
(2008)
Chang and Cui
(2013)
Stern, et. al.
(2000)

Innovation
Network

Technology
transfer
Trade openness

Diffusion of
technology

Innovation and
demand for R&D

Absorption and
diffusion

Patent
Patent

Table 3.
Dimensions of Innovation Capability
Dimensions of Innovation
Capability (Chang dan Lin, 2012)
Innovation Resource
Innovation Demand
Innovation Diffusion
Innovation Output

Sub System
Input
Process

Output

element of the collective system of knowledge
creation.
Therefore, it is important to combine the five
dimensions into a unified whole as a complete
dimension of innovation capability. These five
dimensions are interrelated and could be grouped
into the system, in three subsystems. The subsystems are input, process and output. Dimensions
of innovation resource constitute input of the

Modification of Capability
Dimensions Innovation
Innovation Resource
Innovation Demand
Innovation Diffusion
Innovation Network
Innovation Ouput

subsystem. Dimensions of innovation demand,
innovation network, and innovation diffusion
constitute the process of the subsystems. Meanwhile, the innovation output dimension constitute
the output of the sub system. Table 3 shows the
Innovation Capabilities Dimensions developed
by Chang and Lin (2012) and modification of
national innovation capability dimensions by
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adding the innovation network to the process
sub-system.

III. METHODOLOGY
The methodology used in this research was
literature study and interview with some key
persons from government institutions, business
actors, universities and research institutions.
The research was conducted from Januari 2017
to February 2018.

IV. RESULTS AND DISCUSSIONS
As outlined in Table 3, the results of the modification of the innovation capability dimension
consist of five dimensions, namely innovation resource, innovation demand, innovation diffusion,
innovation network, and innovation output. Each
dimension consists of several variables based on
various sources as described below.

A. Innovation Resource
The innovation resource is explained by Fan
(2008). Financial investment and human resources
in research and development are important input
factors to build national innovation capability.
One of the main focuses in reforming research
and development is to integrate the business
sector with the required knowledge and provide
incentives for innovation activities.
For a country to be innovative, the state
needs a well-functioning national innovation
system. The national innovation system refers
to companies, research institutions, and surrounding conditions that influence the process
by which innovation grows. This system ensures
that qualified individuals (educated), new knowledge, and adequate capital (financing) which are
condolidated in the innovation process (Belitz,
et al. 2008). According to Fagerberg and Srholec
(2007), more attention should be devoted to the
impact of the Government’s mechanisms in the
national innovation systems. Thus, the availability of stimulus and innovation policies from
the government would influence the direction and
momentum of national innovation.
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B. Innovation Demand
The innovation demand, according to Kayal
(2008), is the driving factor of innovation. This
includes domestic market competition, research
culture, international market changes, entrepreneurship, and venture capital. Ibata-Arens (2008)
concluded that the national innovation system in
America and Japan focuses on market demand
mechanism. The study of national innovation
systems should emphasize the role of markets
and consumers. Thus, entrepreneurs become the
subject of market information sources for new
technological demand or production demand
before starting the process of technological innovation.
Offer-side innovation policies have traditionally played a key role in driving innovation
efforts and continuing to do so. Such policies are
generally aimed at addressing market failures that
characterized the innovation process and led to
a lack of investment in research and innovation
(Edler, Cunningham, Gok, and Shapira, 2013).
They include public funds to support community,
business research, development, venture capital
funding, creation, infrastructure, and relationships
strengthening between research and development
in science and industry, and also investment in
human resources (UNCTAD, 2014).
FDI has traditionally been used to exploit
comparative advantage and overcome market
imperfections. FDI has been increasingly used
to tap into foreign innovation abilities during the
innovation stages driven by global competition
(Peng & Wang, 2000).
According to Radosevic (2004), the indicators used to measure demand aspects of national
innovation capability are national welfare indicators that include finance, competitiveness,
and economic stability. Market capacity is the
market capacity that benefits innovation including
financial markets and innovation of a country.

C. Innovation Diffusion
The innovation diffusion is defined as the process
by which innovation is communicated through
channels continuously among members of the
social system (Rogers, 2003). Open innovation
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is becoming increasingly important for researchers and practitioners. Open innovation is closely
linked to the creation of knowledge. With open
innovation, the inrush and outflow of knowledge is exploited for innovation. In the field of
information systems, open innovation is closely
related to software development (Eseryel, 2014).
According to Herstad, Bloch, Ebersberger,
and Velde (2008), some of the indicators used to
measure open innovation among others, include
the magnitude of cooperation with suppliers,
universities, customers, competitors, information
protection, patents and magnitude of external innovation. Open innovation is mainly controlled
from the establishment of knowledge networks.
Therefore, information and communication technology (ICT) and knowledge flow will increase
the drive to innovate and play an important role
in national innovation systems.

D. Innovation Network
According to Bloch, Ebersberger, and Herstad
(2012), several indicators used to measure open
innovation include the amount of cooperation
with suppliers, universities, customers, competitors, information protection, patents and the magnitude of external innovation. Open innovation
is mainly controlled from the establishment of
knowledge networks. Therefore, information and
communication technology (ICT) and knowledge
flow will increase the drive to innovate and play
an important role in national innovation systems.
Innovation network is an important dimension in enhancing the capabiltias of national innovation. According to Zheng (2006), international
competition is increasing all over the world, so
that the national innovation capability of a country
or region becomes the key to the core competition
of national innovation capability improvement
and national innovation system development then
it becomes the focus of attention. The national
innovation system refers to a nation’s innovation
network where there is an interaction between
institutions to enhance innovation that includes
economic, scientific and technological organizations.
According to Sawang and Matthews (2010),
companies looking for ideas or solutions from

external networks such as suppliers, or business
partners show a higher level of introduction of
new products compared to companies that do
not have external collaboration. Collaboration
between public actors and private actors creates
better and more effective services and products.
Collaboration enhances the role of actors in the
exchange and sharing of knowledge, experience,
and expertise. This brings more talent and talent,
and a more responsive work culture into public
organizations. Meanwhile, for the private sector
it will increase the effectiveness, as it brings
new financial resources, new capital, and helps
facilitate innovation in an increasingly competitive environment (Cancar & Petkovesek, 2013).
Domestic collaborations have a positive and
significant influence on product innovation of
micro, medium and large enterprises. Meanwhile,
being a foreign subsidiary, it gives a positive
and significant influence only to medium-sized
companies. This is surprising given the fact that
Chinese companies often seek foreign involvement to improve technology and products (Liu,
Xiao, & Huang 2008; Lu & Beamish, 2001).
According to Belitz et al. (2008), key players
in innovation, especially companies, are responsive to the encouragement of partners (network),
competitors, and market demand to produce new
products, services, and organizational solutions
(implementation).
The social climate of innovation is found
within a country as another factor of all factors.
There are hidden risks in the effort to develop new
technologies and products. In order to be innovative, people must have the courage to change,
trust each other between innovative actors, and
have a positive basis (Belitz et al. 2008). According to Fukuyama (1995), social capital has a real
effect on the economic creativity of the industry.
If community members work together as an entity
and trust each other, based on ethical norms, then
operational costs become efficient. Such a society
will be better able to innovate because of the high
level of trust among its members.

E. Innovation Output
International patents are best used to measure
output innovation because international patents
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provide a consistent measure that can be matched
by innovation measures in different countries.
There are three factors why the size of the output
innovation uses an international patent. First,
patents on countries are very likely to reflect
actual changes in inventive output, especially in
measuring innovation in the developed world.
Second, the international patent is not a perfect
size, but the other size is very different from the
concept side and the limitations of the data. Third,
the international patent as a measure of output
innovation is related to the commercialization
process (Gans and Stern, 2003). Innovation
includes technological and non-technological innovations. This indicates that the national innovative output measures are multidimensional, such
as patents, royalties and licensing fees of RLF,
journal articles, and so on. Meanwhile patents
are widely recognized as a proxy for innovative
output (Griliches, 1990).

R&D and economic growth, they need to take
into account the distribution consequences that
may have a negative impact on society (Chu,
2010).

National innovation capability refers to the
output of national innovation systems, including
patent output, scientific publications and hightech product exports (Taylor, 2009). The output
of high-tech products demonstrated the value
of innovation of a country. In other words, the
increase in exports of high-tech products in GDP
is a prove of an increase in technical capacity of
a country (Yamashita, 1991).

F. Dimensions and Variables of National
Innovation Capability

Strengthening patent protection increases
economic growth, but exacerbates income
inequality. Therefore, when policy makers use
patent policies as policy instruments to improve

According to Gould and Gruben (1996),
IPR protection stimulates economic growth if
accompanied by trade liberalization policies.
The authors have demonstrated the positive and
significant effects of IPR protection on economic
growth for all developed and developing countries. More specifically speaking, the authors point
out that the effects of IPR protection are more
important for an open economy. By encouraging
initiatives to innovate, IPR protection can affect
the growth of an open country. Furthermore, Park
and Ginarte (1997) show that IPR affects indirect
economic growth by stimulating the accumulation of production factors such as physical capital
and R&D capital.

In a system, there are three subsystems, namely
input, process, and output. The dimensions of
national innovation capability can be grouped
into three subsystems. In Input subsystem there
is dimension of innovation resource. In process
subsystem, there are three dimensions of innovation, namely innovation demand, innovation
network, and innovation diffusion. In output
subsystem there is an output innovation. The
relation between the three subsystems can be
seen in Figure 1.

Source: Chang & Lin (2012), Natario et. al. (2011), and OECD (1997)

Figure 1. Subsystem of National Innovation Capability Dimension
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Table 4.
Dimensions and Variables of National Innovation Capability
OUTPUT
Innovation Output
1. Number of Patent
2. Number of Scientific Publication
3. Value of High Technology Products Exports
PROCESS
Innovation Demand
1.
Foreign Trade Value
2.
Value of Foreign Direct Investment (FDI)
3.
Population
4.
GDP
Innovation Network
1.
2.
3.

The number of Collaborative R&D Research with industry
The Social and Cultural Level of Innovation
International Research Cooperation

Innovation Diffusion

1. Number of Intermediation/Incubation Institutions
2. Number of Science Techno Parks (STP)

INPUT
Innovation Resource
1.
2.
3.
4.
5.

Amount of Government Research Funding
Amount of Private Research Funding
Amount of Education Budget
Number of Human Resources/Researchers
Number of Lecturers

The dimensions of innovation resource consists of a number of variables: amount of funding
of government and private research, amount of
education budget, number of researchers, and
number of lecturers. Dimensions of innovation
diffusion consist of variables: number of intermediation/incubation institutions, and number of
science techno parks (STP). In the dimensions
of the innovation network, the variables used as
indicators are the number of collaborative R&D
research with industry, social and cultural level
of innovation, and international research cooperation. Dimensions of innovation demands consist
of foreign trade value, FDI value, population size,
and GDP value. Meanwhile, in the dimensions
of Output Innovation, there are three variables,
namely number of patents, number of scientific
publications, export value of high-tech products.
More clearly are described in Table 4.
In the modified model shown in Figure 1,
additional dimensions of innovation network
is very important. Some studies explained the

importance of innovation network dimensions
are Suh and Kim (2012), Sawang and Matthews
(2010), Zheng (2006), Jung and Andrew (2014),
and Adams, Chiang, and Starkey (2001).
Innovation networks provide a greater
impact in the product development process of
the transfer of technology or product development in industrial research. According to Suh
and Kim (2012), R&D networks are positively
related to product or service innovation, patent
activities, and process innovation. Furthermore,
according to Sawang and Matthews (2010), the
network can enhance the role of the actors in the
exchange and sharing of knowledge, experience,
and expertise. The network between public actors
and industry actors will create better and more effective services and products. According to Zheng
(2006), the national innovation system refers to
the innovation network of a country where there
is interaction between institutions to increase
innovation which includes economic, scientific
and technological organizations.
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R&D networks can reduce costs, increase
profitability, and produce spillover benefits (Jung
& Andrew, 2014). According to Adams et al.
(2001), the direct transfer of technology from
universities and R&D institutions to companies
is facilitated by their networks in R&D activities.
By transforming technology into products, companies can maintain a symbiotic relationship with
universities and R&D institutions. Rene, Martin,
Boris, and Juan (2015) found that continuous
networks have a systematic positive effect on
innovation. Furthermore Czarnitzki, Ebersberger,
and Fier (2007) stated that networking has a positive effect. In Germany, subsidies for individual
research do not show a significant impact on
R&D or on patents, but innovative performance
can be enhanced with additional incentives for
networking.
In addition, one of the measures in the pillar
of innovation in the competitiveness index is the
collaboration of R&D between higher education
and industry. Collaboration is part of network that
characterized their cooperation with other parties.
Thus, the innovation capability model that has
been developed by Chang and Lin (2012) really
needs to be modified with additional dimensions
of the innovation network. This will illustrate the
occurrence of a very interactive process among
innovators.

V. CONCLUSION
Chang and Lin (2012) have developed model of
national innovation capabilities that include four
dimensions that are innovation source, innovation
demand, innovation diffusion, and innovation
output. This model needs to be modified in order
to accommodate the variable showing interactions among actors of innovation. Related to the
national innovation capability, some studies have
been done.
These studies can be grouped into 3 categories: 1) studies that analyze factors influencing
national innovation capability; 2) studies that
analyze the capabilities of national innovation as
an integration of regional innovation capabilities;
and 3) studies of structural modeling of innovation capability by looking at input, process and
output factors.
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Group studies 1 and 2 analyzed correlations
between dimensions, but they have not analyzed
the integrated dimensional model of innovation
capability. Meanwhile, group studies 3 analyzed
the integrated dimensional capabilities of inputs,
processes and outputs.
Based on these earlier studies, there is a
dimension of innovation networks that has not
been integrated into group studies 3. Therefore,
it is necessary to incorporate the innovation
network as one of the dimensions into the model
of national innovation capability that has been
developed by Chang and Lin (2012).
Completely, the dimensions of national innovation capability are divided into three subsystems, namely input, process, and ouput. In input
subsystem there is a dimension of innovation
resource. In the process of subsystem there are innovation demand dimension, innovation network
dimension, and innovation diffusion dimension.
In the output subsystem there is innovation output
dimension.
The dimensions and variables of national
innovation capability could be used to analyze
which factors are most influential in enhancing
national innovation capabilities. Thus, the Government can determine the priority dimensions
and variables that could become the main driving
factors in improving national innovation capability.
Dimensions and variables of national innovation capability can be used as a reference
for reviewing indicators of national innovation
capability index.
The changes of time and environment cause
difference on dimensions and variables of national innovation capability. Thus, for advanced
research, it is advisable to collect and analyze
data in accordance with the development.
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