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Abstract 

OECD has promoted linkages among various actors within 
the National Innovation System (NIS) that are important for 
improving national STI performance. Policy planners need 
to develop a tool for monitoring how linkages are 
increasingly implemented in NIS. Existing STI composite 
indicators have not addressed these indicators adequately. 
This paper proposes 21 policy-relevant STI indicators “STI 
Performance Index (STIPI)” which specially focuses on 
cross-sector linkages. The paper demonstrates how STIPI 
presents well-functioning by giving comparison between 
STIPI and existing indices as well as STI report published 
by OECD and World Economic Forum (WEF). We state 
that cross-sector linkages are crucial for improving NIS and 
STIPI deserves to be alternatively used for monitoring STI 
performance.  
 
Keywords: STI Performance, National Innovation System, 
Policy-relevant STI composite indicator, Cross-sector linkages. 

1. Introduction 

In a knowledge-based economy, Science Technology and 
Innovation (STI) have been becoming the core driver of the 
national competitiveness [1]. The global issues are already 
high on the international agenda, the United Nations 
formally adopted the 2030 Agenda for Sustainable 
Development [2]. STI play a key role in implementing the 
Agenda at country level and within a context of 

international collaboration for innovative, inclusive and 
connected.  

STI developments have led to a need for the more integrated 
way to evaluate STI performance. The role of evaluation is 
to generate information about the appropriateness and 
effectiveness of policy planning. This information is used 
to learn more about policy practices and to give directions 
which relevant on STI development goals [3]. In other 
words, assessment of STI performance needs to have the 
efficient and effective measurement, regularly referred to 
STI indicators.  

During these days, the nature of STI has changed, it is 
increasingly becoming interactive learning and based on 
networking and knowledge transfers. Enhancing linkages 
among various actors, especially with regard to knowledge 
creation, diffusion, and utilization are a core concept of 
National Innovation System (NIS) and crucial for 
improving a country’s STI performance [4,5]. The NIS 
linkages are determined by the ways in which resources and 
knowledge flow among the institutions and organizations. 
It is critically important for policy planners that identifiable 
elements of linkages in innovation systems can help identify 
policy-relevant indicators for monitoring STI performance.   

Many notable institutes treat STI as a supporting component 
of national competitiveness, such as International Institute 
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for Management Development (IMD), World Economic 
Forum (WEF) have been monitoring national 
competitiveness by using STI as a part of evaluation 
composite indicators and their reports. It might be hard to 
refer to the results of those surveys as a comprehensive 
analysis of science and technology innovation of a country.  

The OECD countries, the European countries and 
forerunner countries have developed their own set of STI 
indicators for monitoring and using them as important 
reference materials for their national STI policies or 
strategies. Asian economies also have increasingly 
expanded S&T capabilities to be as strong players in the 
world’s S&T system. The emergence of Asia as a powerful 
S&T region is producing changes in the international S&T 
order and is, to some extent, beginning to displace some 
traditional powers [6].  

Nevertheless, the absence of relevant indicators is often a 
major obstacle for the design and implementation of STI 
policies in Asian developing countries. The most widely-
used indicators in developing nations are such conventional 
indicators such as R&D expenditures, R&D human 
resources, scientific publications and patent statistics, 
which are employed to determine the S&T intensity of 
countries [7]. Particularly, the existing STI indicators that 
focus on linkages among NIS have not been addressed 
adequately, despite the fact that they are devoting 
significant improvement on their innovation system. 

This study aims to propose STI composite indicator that 
could account for assessing internationalization of STI 
performance. The development of such a set of indicators 
highlights at improving the measurement of cross-sector 
linkages within the NIS framework. Consideration both NIS 
assessments and STI policy planners’ requirements can lead 
to more fully evaluate national performance by 
conventional indicators and newly developed indicators. 
Moreover, the study aims to demonstrate how proposed 
composite indicator present well-functioning by giving 
comparison with existing indices and notable STI reports. 

This paper is organized in five stages, first of all, this study 
reviews the concept of NIS model, and the requirements of 
STI policy planners that relevant to STI regional and 
national perspectives. Secondly, the study analyses the 
capability of existing composite indicators for evaluating 
STI performance. Thirdly, on the basis of the preliminary 
findings, the evaluation model is developed corresponding 

the principle for composite indicators construction and 
measuring STI performance with the NIS serving as the 
basic groundwork. Next, a set of STI performance 
indicators is formulated for evaluation national 
performance by means of availability of STI policy 
parameters, practicability of NIS concept and accessibility 
of selected countries data collection. Lastly, the study 
applies the formulated STI composite indicator for selected 
countries and verifies with remarkable existing composite 
indicators and STI reports. 

2. Overview of National Innovation System 
(NIS) 

2.1 Conceptual framework of NIS 

Many developed countries take an attention to encouraging 
their living standards and economies through the 
implementation of modern technological innovation. 
Innovative performance is a crucial factor in determining 
competitiveness and national progress. The Organization 
for Economic Cooperation and Development (OECD) led 
to the concepts of NIS, particularly when used as a source 
of considerable STI policy to enhance nations’ innovative 
capacity and competitiveness [8, 9].  

NIS is the system of interacting actors; firms, universities, 
and government agencies aiming at the production of STI 
within national borders [10]. This is the idea of policy 
diffusion and best practice which is emerged in some 
forerunner countries. Several latecomer countries are 
adopting the NIS approach in an attempt to repeat these 
same successful results. 

2.2 Review of National Innovation System (NIS) 

From the theoretical basis for NIS described above, two 
models of NIS are reviewed: United Nations Conference on 
Trade and Development (UNCTAD) model and OECD 
model. The two models suggest the main necessary 
components of a well-functioning NIS. These are presented 
in Fig. 1 and 2 respectively. 

There are some differences between the two models, 
universities and public research are similarly presented but 
government has obviously appeared as a third key actor in 
the OECD model. The generation of product and/or process 
innovation is the focus point of the UNCTAD model, the 
OECD model regards to the system of knowledge 
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generation, diffusion, and use, with national innovation 
capacity being the organization’s capabilities and the 
strength of its relationships. The result of OECD complex 
set of capabilities and the connections of the national 
innovation capacity is an important factor in determining 
country’s performance [11, 5].  

The OECD model is likely to be more suitable and more 
relevant to the macroeconomic framework in influencing 
the macro-level of country STI performance monitoring. 
The OECD has promoted NIS concept based on best 
practices drawn from the experience of STI successful 
catch-up countries, which reach high technological and 
economic development levels. 

 

 

Fig. 1 A schematic diagram of a national system of innovation [12]. 

The measurement and assessment of NIS has centered on 
four types of knowledge or information flows: interactions 
among enterprises; public/private interaction; knowledge 
and technology diffusion; and public/private personnel 
mobility [8, 9]. Recently, European Innovation Scoreboard 
2017 reported that Denmark, Finland, Germany, the 
Netherlands, Sweden, and the United Kingdom are 
innovation leaders with innovation performance well above 
that of the EU average [13]. Their average performance 
scores were calculated by a composite indicator, the 
Summary Innovation Index (SII) which also applied for the 
observation of each dimension. The innovation leaders 
perform the best in almost all, followed by the strong 
innovators, the moderate innovators, and the modest 
innovators (Fig. 3). The innovation leaders show the highest 
score in the dimension of finance and support and linkages. 

 

Fig. 2 Actors and linkages in the innovation system [11, 5]. 

This study then examines focusing on the ways for 
evaluating the overall performance of the NIS in terms of 
fostering innovation by using OECD model. The variables 
describing the linkage activities need to be considered in 
studies, such indicators of the cross-sector linkages both 
financial flows and knowledge and technology flows are 
focused in this paper.  

 

 

Fig. 3 Performance groups of European countries: innovation 
performance (score) per dimension. 
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3. STI policy planners’ requirements 

3.1 The global, regional and national targets on STI 

As stated earlier, indicators are increasingly being used for 
policy formulation, policy implementation and evaluation 
[14]. Defining policy-relevant indicators to evaluate 
national performance is also demonstrated explicitly in this 
study. 

It is well known that the United Nations General Assembly 
unanimously adopted the 2030 Agenda of global goal that 
comprises of 17 Sustainable Development Goals (SDGs) in 
September 2015. Nations must work together to foster 
regional collaboration to lay the foundations for a creative 
and innovation [2]. 

In term of regional cooperation, Asian countries are of 
particular interest for both developed and developing 
economies. Establishing the set of STI indicators for both 
of them can eventually lead to the ability to 
comprehensively assess and make more comparable across 
countries. As a notable activity, the ASEAN Economic 
Community (AEC) was established in 2015, for the 
economic revitalization within the region and liberalization 
of people, goods, and services. The AEC Blueprint 2025 
launched by the ASEAN Leaders, provides guiding 
framework for economic community–building towards 
inclusive growth and benefit the more globally connected 
countries [15]. To support the Blueprint, ASEAN 
Committee on Science and Technology (COST) adopted 
ASEAN Plan of Action on Science, Technology and 
Innovation (APASTI) 2016-2025 and its implementation 
plan (AIP). This comprehensive plan, which identifies six 
goals for leading to SDGs as sustainable and inclusive 
ASEAN [16, 17]. 

For ensuring the APASTI are effectively implemented, 
much of which will need to happen at the national level. To 
demonstrate how a set of indicators can be generated and 
also applied in a developing country context, a detailed STI 
policy of Thailand is presented. Thailand is in the process 
of transitioning to upper-middle-income status and move 

into the innovation-driven stage, demonstrated that their 
innovation system is first time systematically introduced in 
2012 [18, 19]. 

The National STI Policy Office of Thailand formulated 
strategic policies and frameworks of National STI Policy 
and Plan 2012-2021 which identify challenging issues 
impacting the development of STI that better serve the 
needs of economy and society throughout the next decade 
[19]. However, Thailand also need to learn from other 
countries, not only in Southeast Asia but also forerunner 
countries such as China, Japan, and South Korea to adapt 
their STI advancement, continue strengthening STI 
capabilities and achieve its goals.  

3.2 Selection of policy parameters and STI indicators 
for STI policy planners 

Enabling diagnosis and evaluation to precisely capture the 
STI performance of the nation by developing 
comprehensive evaluation model and suitable indicators 
corresponding STI goals, is a key of this paper. In regard to 
the indicators, the section outlines the generating candidate 
indicators by presenting the STI policy and indicators for 
leading to vision and goals on STI development of ASEAN 
region and Thailand, see Table 1 and 2. 

The concept used in this study is influenced by 
macroeconomic framework in focusing the macro-level of 
country STI performance monitoring. As shown in Table 1 
below, several indicators from APASTI 2016-2025 and its 
implementation plan are not corresponding STI 
performance indicator candidates because they are 
seemingly indicators of policy efforts or input indicators. 
However, when considering 6 goals and 4 strategic thrusts 
of APASTI, STI performance can be measured by outcome 
indicators of APASTI. The most outcome indicators are 
generally used as conventional indicators. They have not 
provided useful and specific information on the linkages 
and NIS that enhances to the competitiveness of innovative 
nations.  
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Table 1: STI performance indicators coherence at the STI policy of the ASEAN level 
(from APASTI 2016-2025 and its implementation plan) 

 
Strategic thrusts APASTI 

Indicators 
Candidate  

STI performance indicators 
Output Indicators 
1. Public-Private Collaboration 
Strategic collaboration among academia, research 
institutions, networks of centers of excellence, and the 
private sector to create an effective ecosystem for capability 
development, technology transfer and commercialization. 

Action 1.1-1.4:  
9 indicators 

No corresponding STI performance indicator 
candidates because these actions are policy 
efforts, and not represent STI performance. But 
the thrust of policy can be evaluated by several 
indicators. 

2. Talent Mobility, People-to-People Connectivity, and 
Inclusiveness 
Enhance mobility of scientists and researchers, people-to-
people connectivity and strengthen engagement of women 
and youth in STI. 

Action 2.1-2.4:  
10 indicators 
 

Number of STI personnel mobilized in ASEAN 
and non-ASEAN countries (from Action 2.2). 
 

3.  Enterprises Support 
Establish innovative system and smart partnership with 
dialogue and other partners to nurture STI enterprises to 
support MSMEs, nurture knowledge creation and STI 
applications to raise competitiveness 

Action 3.1-3.2:  
6 indicators 

Amount: of resource mobilized (from Action 
3.2). 
 

4. Public awareness and STI enculturation 
Raise public awareness and strengthen STI enculturation to 
enhance ASEAN science and technology cooperation 

Action 4.1-4.2:  
8 indicators 

Number of citation by international scientific 
indexing system and other peer-reviewed 
journals (from Action 4.2). 

Outcome Indicators 
R&D Expenditure 
• Gross Expenditure on R&D (GERD) 
• Percentage of GERD financed by industry 
• Percentage of GERD financed by government  
• Human Resource Involved in R&D 
• Number of R&D Personnel (Head count per million inhabitants) 
• Number of Researchers (Head count per million inhabitants) 

We adopt these 6 outcome indicators into 
candidate STI performance indicators. 

S&T Output 
• Number of Patent Applications in one year 
• Number of Patents Granted in one year 
• Number of Scientific and Technical Publications 
• Citable Documents H Index 

We adopt these 4 outcome indicators into 
candidate STI performance indicators. 

Talent Mobility 
• Exchange programs, scholarships, internships established 
• Number of foreign researchers (Inward mobility) 
• Number of local researchers leaving (Outward mobility)  
• Knowledge Impact 
• High-tech and medium-tech output (% of total manufactures output) 
• Number of commercial spin-offs 

We adopt these 6 outcome indicators into 
candidate STI performance indicators. 

Knowledge Diffusion 
• Total royalties and license fees receipts (% service exports) 
• High-tech exports (in USD)  
• Communications, computer and information services exports (in USD) 

We adopt these 3 outcome indicators into 
candidate STI performance indicators. 

STI Culture 
• Number of STI fairs  
• Rate of technology diffusion  
• Percentage of individual interested in S&T careers in population 
• Percentage of scientists, engineers and researchers in population 

We adopt these 4 outcome indicators into 
candidate STI performance indicators. 
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Table 2: STI performance indicators coherence at the National STI Policy of Thailand 
(from National STI Policy and Plan 2012-2021) 

 
Strategic issues Thailand’s Targets Candidate  

STI performance indicators 
Development of 
science, 
technology and 
innovation for 
building a quality 
society that is 
immune to 
changes  

• To promote public health and well-being 
o Prevention and treatment of existing and emerging diseases 

with less dependency on foreign medical technologies.   
• To support the development of a knowledge-based society 

o Local communities are capable of using science and 
technology to enhance local traditional knowledge for value 
creation and value addition to local products and services as 
well as for better livelihood. 

• To strengthen local communities through capacity development, 
thus reinforcing an effort to promote decentralization and 
inclusive growth  
o The quality of community products and services is improved 

and standardized with at least 3% productivity growth on a 
yearly basis. 

• Total health expenditure, % 
of GDP. 

• Healthy life expectancy. 
• Medical assistance (number 

of inhabitants/physician and 
per nurse). 

• Agricultural productivity: 
related GDP (PPP) per person 
employed in agriculture, US$. 

 

Development of 
science, 
technology and 
innovation for 
improving the 
quality and 
stability of 
economic growth 
with connectivity 
to regional and 
global economy  

• To increase productivity and value added to manufacturing and 
service sectors  
o Farmers and businesses utilize science, technology and 

innovation to achieve at least 3% productivity growth on a 
yearly basis.   

• To support the green and value creation of products and services  
o Farmers and businesses utilize science, technology and 

innovation to achieve at least 5% increase in value added on a 
yearly basis.   

• To support the improvement of standards of products and services 
to overcome trade barriers    
o Increase the utilization of science, technology and innovation 

to take the advantage of Free Trade Agreements so that the 
proportion of export growth due to STI utilization is no less 
than the total export growth.    

• Agricultural productivity: 
related GDP (PPP) per person 
employed in agriculture, US$. 

• Productivity in industry: 
related GDP (PPP) per person 
employed in industry, US$. 

• Productivity in services: 
related GDP (PPP) per person 
employed in services, US$. 

• Value added of industry. 
• Technology balance of 

payments. 
• Export of high-technology 

goods and services. 

Development of 
science, 
technology and 
innovation for 
confronting 
climate change 

• To develop models for natural resource and environmental 
forecasting 
o STI can prevent the loss of life and reduce the damage due to 

natural disasters up to 1% of the GDP.   
• To adapt to and mitigate climate change  

o STI can increase the proportion of alternative energy 
utilization to 20-25% and achieve 5% reduction of waste and 
pollution on a yearly basis. 

• To support balanced management of natural resources and 
environment    
o STI can help decrease consumption that affects the ecosystem 

10% annually.   

• Energy intensity: commercial 
energy consumed for each 
dollar of GDP in Kilojoules. 

• Co2 emission intensity: Co2 
industrial emissions in metric 
tons per on million US$ of 
GDP. 

• Renewable energies, % total 
• Waste water treatment plants, 

% of population served. 
• Water consumption intensity: 

water withdrawal for each 
1000 US$ of GDP in cubic 
meters. 

Development of 
science, 
technology and 
innovation 
human resources 
to confront 
demographic 
changes 

• To support the reform of science education and technical education   
o The proportion of graduates in science and technical fields is 

to increase to at least 60%. 
• To raise the number and capacity of scientific and technical 

workforce that meets the needs of the economy and society 
o Labor productivity for science and technical graduates grows 

at least 5% on a yearly basis. 
o The ratio of research & development personnel is to increase 

to 25 per 10,000 population, 60% of which work in the private 
sector. 

• Human resources on STI 
activities such as researcher 
and R&D staff. 

• Science and engineering labor 
force graduated from tertiary 
education. 

• Number of enrollment in 
tertiary education on Science 
and engineering field. 
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Strategic issues Thailand’s Targets Candidate  
STI performance indicators 
• Labor productivity: related 

GDP (PPP) per person 
employed per hour, US$. 

• Total R&D personnel in 
business enterprise. 

Development of 
science, 
technology and 
innovation 
infrastructure and 
enabling factors 
to enhance 
national 
competitiveness   

• To build and utilize scientific, technological and innovation 
infrastructure  

• To create fiscal and financial tools, market, law and regulations, 
and an effective management system to support the development 
and deployment of science, technology and innovation. 
o The competitiveness ranking of Thailand is within the  

world’s Top 25 according to IMD. 
o Gross expenditure on research & development reaches 2% of 

the GDP. 
o The private sector contributes to 60% of gross expenditure on 

R&D. 

• National competitiveness 
ranking. 

• Number of granted patents. 
• Number of patent 

applications. 
• Number of scientific 

publication. 
• Venture capital investment 
• Total R&D expenditure, % of 

GDP. 
• Business expenditure on 

R&D, % of GDP. 
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4. Developing composite indicator to assess 
national STI performance 

4.1 Formulating STI performance evaluation model 

The evaluation of STI performance takes place by 
reviewing the overall process of innovation based on the 
basis of NIS framework. It’s well known that performance 
indicators can be used as a tool for the evaluation and can 
be apprised the important information against the policies 
and goals which lead to the action or process of making 
decisions [20, 21, 22]. Accordingly, a theoretical 
framework should be firstly developed to provide the basis 
for the selection and combination of single indicators into a 
meaningful composite indicator [23]. 

The STI performance evaluation model is presented in Fig. 
4, represents a complex process of NIS, it could be regarded 
as input-output innovation system, and it comprises with 5 
dimensions: financial investment, human resource, linkage, 
knowledge creation, and business development. Each 
dimension consists of several sectors and interacts closely 
with each other to produce the innovation by creating and 
disseminating knowledge, skills, new technologies and 
commercialized products. Particularly, there are financial 
flows and technological flows by interacting between 
interrelated innovation components, which promote output 
to transform, apply, diffuse and become the innovative 
market products as well as economic efficiency, finally will 
transmit all of them to national productivity. A country’s 
innovative performance depends on capabilities, interaction 
effects and conditions in covering the entire cycle of STI 
inputs and STI outputs.  
 

 
 

Fig. 4 Evaluation model for the assessment of national STI performance. 

4.2 Definition and application of composite indicators 

Innovation systems can be analyzed at different levels: 
institutional, national, regional and international [24]. 
Regarding international level, there are several attempts to 
measure national STI capabilities based on the composite 
index approach. Composite indicators are mathematical 
combinations of a set of indicators, they are regularly 
enabled and empowered tool for policy making as well as 
for benchmarking country performance [25, 26]. 

Well-known composite indicators are studied and applied 
in this paper include the Global Innovation Index (GII) [27], 
the Summary Innovation Index (SII) [28], and the 
Composite S&T Innovation Index [29]. However, these 
existing composite indicators have limited by the lack of 
data, especially for AEC or Thailand. Even developing 
countries do not necessarily deserve high-ranking in any 
composite indicators. They also do need to be fulfilled with 
the suitable composition of the composite indicators for 
monitoring true performance through a comparative 
assessment of the STI performance by policy-relevant 
indicators. Although, GII have provided information for 
many developing countries, STI are only a part of the 
evaluation indicators. Many existing composite indicators 
are significantly more robust design but more broadly 
defined conceptual areas of linkages in the innovative 
process. The understanding both of well-functioning 
linkages in NIS and high-priority STI policy parameters can 
help develop and improve conventional indicators which 
lead to better the measurement of STI performance. This 
study intends to design STI composite indicators for 
international comparisons which are more meaningful for 
learning successful countries on STI development.  

4.3 Developing STI composite indicator “STI Performance 
Index (STIPI)” 

According to STI performance evaluation model, this study 
is now seeking to the new approach of the Science 
Technology Innovation Performance Index (STIPI). Our 
approach is to select single indicators not only cover direct 
input and output variables such as R&D expenditures, 
patents, production and trade in high-technology, but also 
proxy variables specifically referred to cross-sector 
linkages in NIS to evaluate national innovative 
performance. 

The 26 candidate indicators from Table 1 and 27 candidate 
indicators from Table 2 are used for construction of STI 

STI OUTPUTSTI INPUT

Financial Investment
Public Sector

Business Enterprise

Human Resource
R&D Personnel

Higher Education

Knowledge creation
Scientific publication

Patent

Business Development
TBP, % Market share
National Productivity

Finance
Technology 

STI Linkage

STI Performance
(International Level)



IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 5 Issue 3, March 2018  

 ISSN (Online) 2348 – 7968  

www.ijiset.com  

 

composite indicators by gathering individual STI indicators 
into “STI Performance Index (STIPI)” that represents 
national STI performance based on common ground of 
criteria-based screening by means of availability of STI 
policy parameters, practicability of NIS concept, and 
accessibility of data collection, especially for developing 
countries in international level. Accordingly, the 21 policy-
relevant STI indicators of STIPI are provided in Table A.1, 
include 15 conventional indicators, 3 modified indicators, 
and 3 newly proposed indicators and highlights on cross-
sector financial flows and technological cooperation which 
consist of 5 indicators. 

5. Verification of STIPI 

This study provides the comparison of features between 
STIPI and 3 existing STI composite indicators, including 
GII, SII, and COSTII are presented in Table A.2. Moreover, 
this section presents the empirical evidence to demonstrate 
how STIPI presents well-functioning by giving rank 
comparisons and correlations. The scope of this study, 
STIPI is compared not only 3 aforementioned indices, but 
also well-known STI reports: OECD Science, Technology 
and Industry Outlook [1]; and The Global Competitiveness 
Report [30]. 

Based on 21 indicators, values are calculated for the 5 
dimensions through a process such as data collection, 
standardization, and imputation of missing value [23]. The 
data of STIPI are collected from various public databases as 
well as internationally recognized statistics, as presented in 
Table A.2. Our dataset covers from 2011-2014; however, 
data limitation are still major problems confronting this 
study. The estimating statistics and imputing missing values 
are constructed relevant to their trend values. By sum of 
dimension scores, STIPI score is finally computed and the 
ranking of each country is decided.  The method used in this 
paper focuses on the rank comparisons and correlations. 
The investigation is carried out through the case study of 10 
OECD member countries (i.e. Belgium, Finland, Germany, 
Ireland, Italy, Portugal, Spain, United Kingdom, Japan, and 
South Korea). Furthermore, we examine another 5 Asian 
countries (i.e. China, India, Singapore, Malaysia, and 
Thailand) as the selected countries.  

5.1 Score and rank comparison 

There are only 8 European countries are presented in all 
indices thus can be used for the comparison. As can be seen 

from Fig. 5, it is apparently distributed into 2 groups, top 
performers: Belgium; Finland; Germany; Ireland; and the 
United Kingdom, and latecomers: Italy; Portugal; and 
Spain. Considering to STIPI rankings, Finland is ranked the 
first in the STI performers, similar to both OECD and GCI 
report. Belgium receives the same first position as OECD 
report in cross-sector linkage performance. 

In addition, the rank comparisons of 15 countries are 
examined by 3 indices: GII; STIPI; and GCI, as illustrated 
in Fig. 6. It can be seen that Japan, South Korea, and 
Singapore take to leader group. STI performance by STIPI 
shows the similar trend to GCI in the follower group, while 
linkage performance is showing a mixed trend among 3 
indices. This analysis can inform in terms of the weaknesses 
of linkage in the developing countries. It might be 
considered as policy implications that they should pay 
attention to increasingly sharing their STI resources and 
knowledge based on networking among various sectors for 
improving NIS as well as national performance. 
 

 
 
Fig. 5 The rank comparison of all performance and linkage performance 

among 2 indices and 2 STI reports. 
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Fig. 6 The rank comparison of all performance and linkage performance 

among GII, STIPI and GCI. 

5.2 Score and rank correlation 

Firstly, Fig. 7 provides the correlation between all 
performance scores and linkage scores among 4 indices. 
STIPI score and its linkage score are highly correlated, with 
the correlation coefficient (R) of 0.895. The findings imply 
the strong relationship between cross-sector linkages and 
STI performance in selected countries. The results reveal 
that cross-sector linkages are crucial for improving NIS and 
national STI performance. 

Fig.7 The correlation between all performance scores and linkage scores 
among 4 indices. 

Furthermore, this paper, for the first time, uses evaluation 
of ranking similarity to verify STI composite index. For 
assessing agreement among more than two rankings on the 
same domain, Kendall’s coefficient of concordance 
(Kendall’s W) is used [31]. It is given as: 

𝑊 =	
∑ &'

()*
'+,

-∑ .'
*
'+, /

(

*
,
,(	.1

(.(34)3)
  (1) 

Where Xi is the sum of ranks for object i, k is the number 
of rankings, n is the number of objects. Statistical 
significance of Kendall’s W can be evaluated by χ2 test with 
n – 1 degrees of freedom: 

χ2=W. k . (n-1)    (2) 

We recalculate the ranking for only 8 common countries 
among 4 indices and 2 descriptive STI reports and we get 
W = 0.81. Thus, there is a high agreement among rankings. 
For statistical significance of Kendall’s W relation is used. 
We can test the null hypothesis H0: “There is no convincing 
evidence of agreement”, against alternative H1: “There is 
convincing evidence of agreement”. In this case: χ2 = 33.83. 
Critical value for n – 1 = 7 degrees of freedom and 
significance level α = 0.05 is χ2(0.05,7) = 14.07 which is 
less than calculated χ2. Therefore, we reject the null 
hypothesis H0 and accept the alternative hypothesis H1. 
There is statistically significant of concordance among 4 
indices and 2 STI reports regarding the 8 countries.  

In addition, we verify the similarity of two rankings 
between indices and STI reports by using Kendall’s rank 
correlation coefficient t which is defined as 

t = 36)37
,
(3(3)8)

     (3) 

Where nc is the number of concordant pairs and nd is the 
number of discordant pairs. Concordant (discordant) pair is 
the ordered pair of objects, which has the same (opposite) 
order in both rankings. 

Then, the null hypothesis H0: “There is no significant 
association between the two rankings”, against alternative 
hypothesis H1: “There is significant association between 
the two rankings”, can be tested with standardized Z value: 

 
𝑍 = 	 t

:(((*;<)=*(*>,)

      (4) 
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This study, n =8 and significance level α = 0.05 the critical value is 0.571. Table 3 presents the calculation of Kendall’s t for 
8 countries among 2 pairs of 4 indices and 2 notable STI reports and their statistical analysis. The results demonstrate that all 
of the Z value exceed critical value and we reject the null hypothesis. This analysis shows significant correlation between 
both rankings of all pairs. In particular, STIPI-All and STIPI-LK present highest rank correlation coefficient with OECD. 
These results can be explained by assuming that the newly developed STIPI also do deserve to be alternatively used for 
monitoring STI performance through only 21 policy-relevant indicators. 

Table 3: The calculation of Kendall’s rank correlation coefficient for 8 countries among 2 pairs of 4 indices and 2 descriptive 
STI reports and their statistical analysis. 

 

Index OECD-All OECD-LK GCI-All GCI-LK 
t Z t Z t Z t Z 

GII-All 0.64 2.23   0.64 2.23   
GII-LK   0.21 0.74   0.43 1.48 
SII-All 0.36 1.23   0.86 2.97   
SII-LK   0.50 1.73   0.57 1.98 
COSTII-All 0.64 2.23   0.64 2.23   
COST-LK   0.64 2.23   0.64 2.23 
STIPI-All 0.71 2.47   0.71 2.47   
STIPI-LK   0.71 2.47   0.35 1.23 

 
 
ALL: Overall performance 
LK: relative dimension of linkage and network as follows: 
GII-Innovation linkages 

• University/industry research collaboration 
(survey questions) 

• State of cluster development (survey questions) 
• GERD financed by abroad, % 
• Joint Venture (JV)–strategic alliance deals/ 

tr PPP$ GDP 
• Patent families filed in 3+ offices/bn PPP$ GDP 

SII-Linkages & Entrepreneurship 
• SMEs innovating in-house as percentage of 

SMEs  
• Innovative SMEs collaborating with others as 

percentage of SMEs  
• Public-private co-publications per million 

population  
COSTII-Network 

• Number of patents with industry-university-
research institute cooperation  

• Percentage of business enterprise R&D out of 
government and higher education R&D 
Technological cooperation (survey questions) 

• Number of patents with foreign co-inventors  

STIPI-cross-sector linkages 
• Industry-financed PSERD as % of GDP 
• Government-financed BERD as % of GDP 
• No. of patent with foreign co-inventor/Researcher (FTE) 
• No. of patent with Ind.-Univ.-RI. 

Cooperation/Researcher (FTE) 
• No. of US-issued patents citing scientific papers and 

another references/Researcher (FTE) 
OECD-Knowledge flows and commercialization 

• Industry financed public R&D expenditure (per GDP) 
• Patents filed by universities and public labs (per GDP) 
• International co-authorship (%) 
• International co-invention (%) 

GCI-Innovation 
• Capacity for innovation 
• Quality of scientific research institutions 
• Company spending on R&D 
• University-industry collaboration in R&D 
• Government procurement of advanced tech. products 
• Availability of scientists and engineers 
• Utility patents granted/million population 
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6. Discussion and Conclusions  

Overall, we proposed STI composite indicator “STIPI” as 
new benchmarking tool that highlighted at improving the 
measurement of cross-sector linkages within the NIS 
framework. By considering in the global economy and 
sustainable development world, the policy priorities and 
approaches of ASEAN, and Thai STI policies are useful in 
order to formulate general indicators from the experience 
and requirement of developing countries. However, they 
have not provided crucial information on the linkages and 
core concept of NIS that enhances to competitiveness of 
innovative nations.  

Although, most of the existing STI composite indicators are 
capable to measure STI activities in globalized era, they are 
often inadequate to monitor cross-sector linkage. In 
addition, the potential of these indicators is mostly limited 
by the lack of data, especially on behalf of developing 
countries context. For AEC or Thailand, they do not 
necessarily deserve high-ranking in any composite 
indicators. But, they also do need to be fulfilled with the 
suitable composition of the composite indicators for 
monitoring and upgrading through a comparative 
assessment of the STI performance. The advantages of the 
STIPI approach are not only related to systemic view of NIS 
but also the STI requirements of policy planners. In 
particular, STIPI represents the new approach of cross-
sector linkage that are more specific for assessing 
innovative performance.  

STIPI is seen to enhance the competitive advantages of 
monitoring tools for both developed and developing 
countries, it is easier to interpret by using 21 policy-relevant 
indicators. It is composed of 15 conventional indicators and 
it is a few significant differences explained by 3 modified 
indicators, and 3 new proposed indicators. Among 4 
composite indicators (GII, SII, COSTII, and STIPI), STIPI 
has the highest correlation between their total score and 
linkage score with the correlation coefficient of 0.895. It is 
noteworthy that 5 indicators of cross-sector linkage used in 
STIPI are the most influential determinant of innovative 
performance.  

Moreover, we can safely conclude that there is significant 
agreement of concordance among the 4 indices and 2 STI 
reports generated by OECD and WEF (OECD STI Outlook 
and GCI). Due to the limitation of international statistics, 
only 8 countries are presented in all 6 indices thus can be 

used for the comparison. The results showed that Belgium, 
Finland, Germany, Ireland, and the United Kingdom are 
leaders in STI performance while Italy, Portugal, and Spain 
are follower countries. We found a strong rank correlation 
between STIPI and OECD report, it is evident that STIPI is 
ranked similarly with OECD more than the others. 
Although, none of STI composite indicators can claim for 
its superiority of monitoring tools in country rankings, it is 
possible to use STIPI as the STI composite indicator for 
assessing national performance. 

Our dataset covered from 2011 – 2014, it is for very first 
time to conduct a study of the determination of linkage and 
innovativeness, data limitation are still major problems 
confronting this study. The estimating statistics and 
imputing missing values are constructed relevant with their 
trend values and used to evaluate STI performance. Several 
attempts have developed STI composite indicators, and the 
potential of their indicators are mostly limited by the lack 
of data. It should be noticed that data accessibility and 
monitoring system are significant for assessing and 
benchmarking country performance. 

Last but not least, this statistical analysis also extends some 
applications to evaluate in terms of the weaknesses of NIS 
for developing countries that are rising its innovative 
performance. Then, the empirical evidence will be 
considered as policy implications that they should pay 
attention to innovation policymaking such as energize 
cross-sector linkage by resources sharing and knowledge 
diffusion as well as close collaboration between 
universities, research institutes, and business sectors in 
order to enhance their competitiveness and compete 
globally.  
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Appendix 

Table A.1: The composite indicator of STIPI 
 

 
*Modified indicators, **Newly proposed indicators 

 
  

Dimension Indicator Data source 
Financial 
investment 
  
  
  

GERD as % of GDP OECD stats/UNESCO Statistics/ 
World bank/GEM Report/EURO Stats Government-financed GERD as % of GDP 

Industry-financed GERD as % of GDP 
BERD as % of GDP 
Venture capital investment as % of GDP  

Human Resource R&D personnel (FTE)/ 1,000 employment OECD stats/UNESCO Statistics 
Researcher (FTE)/ 1,000 employment 
No. of students enrolled in tertiary education (ISCED 5-8)/ 
10,000 population 

UNESCO Statistics/World bank 
 

No. of students graduated from tertiary education (ISCED 5-8)/ 
10,000 population 
Pupil-teacher ratio in tertiary education* 

Cross-sector 
linkage 

Financial flows Government-financed BERD as % of GDP* COSTII/OECD stats/USPTO 
Industry-financed PSERD as % of GDP** 

Technological 
cooperation 

No. of patent with Industry-University-Research 
Institute cooperation/Researcher (FTE) 
No. of USPTO issued patent citing scientific 
papers and other references/Researcher (FTE)** 
No. of patent with foreign co-inventor/Researcher 
(FTE) 

Knowledge 
creation 

No. of Scientific publication/Researcher Scimago/OECD stats/ 
UNESCO Statistics 

No. of USPTO issued patent/GERD USPTO Patent Full-Text and Image 
Database (PatFT)/OECD stats 

No. of Citation/paper Scimago/OECD stats/ 
UNESCO Statistics 

Business 
development 

TBP as a % of GERD OECD stats/World bank/IMD 
% Market share of high-technology* 
National competitiveness score (IMD)** 

GERD: Gross Domestic Expenditure on Research and 
Development 
GDP: Gross Domestic Product 
BERD: Business Enterprise Expenditure on Research and 
Development 
FTE: Full-Time Equivalent 
ISCED: The International Standard Classification of 
Education 
PSERD: Public Sector Expenditure on Research and 
Development 
 

USPTO:  United States Patent and Trademark Office 
TBP: Technology Balance of Payments 
IMD: International Institute for Management 
Development 
GEM: Global Entrepreneurship Monitor 
GII: Global Innovation Index 
SII: The Summary Innovation Index  
COSTII: The Composite S&T Innovation Index 
STIPI: STI Performance Index 
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Table A.2: The special feature comparison for STI Composite Indicators 
 

  

Composite 
Indicators 

Number of 
indicators 

Scope of study Special Features Developer 

OECD ASIAN Others Total 

Global 
Innovation 
Index (GII) 

81 32 33 82 143 Broad vision of 
innovation, including 
political environment, 
education, 
infrastructure and 
business sophistication. 

Cornell 
University, The 
Business School 
for the World 
(INSEAD), World 
Intellectual 
Property 
Organization 
(WIPO) 

Summary 
Innovation 
Index (SII) 

27 27 - 9 36 Improvements of EU 
innovation 
performance in human 
resources, the 
innovation-friendly 
environment, own-
resource investments, 
and attractive research 
systems. 

The European 
Commission 

Composite 
S&T 

Innovation 
Index 

(COSTII) 

31 30 2  
(Japan,  
South 
Korea) 

- 30 Covering all science 
and technology sectors 
for enhancement of 
science and technology 
innovation capacity 
based on the evaluation 
of strengths and 
weaknesses. 

Korea Institute of 
S&T Evaluation 
and Planning 
(KISTEP), Korea 

Science 
Technology 
Innovation 

Performance 
Index (STIPI) 

21 10 7 
(Japan,  
South 
Korea, 
China,  
India, 

Singapore, 
Malaysia, 
Thailand) 

- 15 Improving the 
measurement of 
linkages within the STI 
system, highlight on 
cross-sector financial 
flow and technological 
cooperation. 

Author 
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