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ABSTRACT
This paper introduces the concept of Triple Helix systems as an analytical construct that systematizes the
key features of university-industry-government (Triple Helix) interactions into an ‘innovation system’
format defined according to National Innovation Systems theory as a set of components, relationships and
functions. This conceptual framework offers a broad perspective for understanding the sources and
development paths of innovation, and can be an attractive paradigm for regions that aim to enhance their
knowledge base economy. The purpose of this paper is to test whether the dynamics of Triple Helix (TH)
concept under National Innovation System (NIS) is driven by coevolution of four different innovation
proxies: product, process or design inventions (measured by patents), product innovation (measured by
high-tech exports), research innovation (measured by scientific publications) and process innovation
(measured by labour productivity) in Association of South East Asian Countries (ASEAN). A dynamic
panel econometric analysis with panel cointegration test is used to investigate a long term relationship and
coevolution patterns amongst them. The empirical analysis employs innovation indicators of five
founding ASEAN countries namely Malaysia, Indonesia, Singapore, the Philippines and Thailand for the
period of 2000-2015 from an existing WDI and WCY database. Econometric results support the two
research questions of this study, first there is long run relationship between innovation outcome and its
key drivers under triple helix context of national Innovation System in ASEAN-5 economies.; Secondly,
the extent of relationship among government R&D expenditure with high-tech productions are positive
and significant while new ideas coming from universities as scientific publications and high-tech
production have positive relationship but not significant yet in ASEAN-5 countries. Overall labor
productivity is positive and significant with innovation outcomes in ASEAN-5.
Keywords: ASEAN-5, National Innovation Systems (NIS), Triple Helix (TH) model, UniversityGovernment-Industry, DOLS, Co-integration, TH policies.
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1.0. Introduction
The main purpose of the study is to empirically investigate the concept of Triple Helix (TH) model under
National Innovation System (NIS). This research is an attempt to explain the relationship of Triple Helix
(TH) actors and measure empirically the extent of this relationships in the long run. Previous studies have
postulated the concept more theoretically, while this study is the first attempt to apply quantitative
methodology to investigate this concept empirically considering first five founder Association of South
East Asian Nations (ASEAN) economies namely Malaysia, Singapore, Indonesia, Thailand and the
Philippines as cross-sectional unit. The research questions of this study are, firstly how Triple Helix
model characterized in general and to the context of ASEAN-5? And to answer this question, research
followed the framework of Triple Helix model under the National Innovation System based on the theory
and descriptive analysis. Whilst the second research question pursue, how effective these relationships
among the actors of Triple Helix model in this region in long run? In order to find out the answer, this
research applies long run econometric techniques such as panel co-integration test and Dynamic Ordinary
Least Square (DOLS) methods.
Triple Helix theory is the sub-system yet very important component of National Innovation system.
Generally speaking, the National Innovation System (NIS) of a country is composed of different subsystems ranging from economic regime, financial structure and infrastructure to educational system,
cultural traditions, and so on. Thus economic development is regarded as the inter-action and coevolutionary process of these sub-systems (Freeman, 1987; Nelson, 1993). Lundvall (1992) defines NIS
as the elements and relationships which interact in the production, diffusion and use of new, and
economically useful knowledge and are either located within or rooted inside the boarders of a nation
state. In one a word the innovation system is defined as the network of agents and set of policies and
institutions that affect the introduction of technology that is new to the economy (Sharif, 2006; Etzkowitz
and Loet Leydesdorff 1997, 1998, 2000). The synergy among universities, government and industry
known as the Triple Helix. The Triple helix approach was introduced by Etzkowitz and Leydesdorff
(Etzkowitz and Loet Leydesdorff 1997, 1998, 2000). This model (TH) focus on the interaction among
universities, industry and government and consider these factors are the key to the improvement of
conditions conducive to innovation. Thus all three have an important role to encourage the creation of
advanced economic climate. They also argue that, university, industry and government are identified as
the main pillars of many innovation systems theories including NIS. In this paper, we introduce the Triple
Helix systems as a novel analytical concept that systematizes the key features of university-industrygovernment interactions, so far loosely addressed as a ‘metaphor’ or a ‘framework’, into an ‘innovation
system’ format that highlights the key new sources of novelty and the dynamics of their interaction.
An accelerating growth of large developing countries (like BRICS) poses a big challenge for ASEAN and
other regions to stay competitive and catch up with their growth. Therefore, many economist (Stiglitz,
Porter, Fagerberg, Mazzucato, Lundvall, Nelson, Kim etc.) agree that only a high-quality innovation
based growth, not just any growth could lead to a long-term sustainable economic success. Among the
East Asian countries, Japan and South Korea actively build up their science, technology and innovation
(STI) capacity with catch-up industrialization policies. The high R&D funding (R&D expenditure as a
percentage of GDP) has shown their commitments to strengthen the national innovation systems
(Lundvall, 1992, 1993, 1998, 1999, 2003).
The ASEAN Economic Community(AEC) as a moment to unify region market and production based on
the technology driven production advantages. The unity of the AEC market and production will make
flow of goods, services, investments, large amounts of capital, and skilled labor becomes no barrier from
one country to another country in Southeast Asia. The AEC is trying to establish an economic region with
a high level of competition, which requires a policy that includes competition policy based on advance
innovation system in macro level.
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Based on the ASEAN Economic Blueprint, AEC becomes very necessary to reduce the gap among
ASEAN countries in terms of economic growth. Thus, to address a sustainable economic growth, AEC
can promote the concept of Triple Helix model in this region. The relationship that appears in the Triple
Helix, generally stems from efforts to solve the problem and produce a strategy when facing problems in
innovation, not determined from a certain pattern. Through this interaction process there will be changes
in the actors and the roles they are doing (Leydersdorff, 2000). Cooperation among the government,
businessman and intellectuals known as the Triple Helix concept was necessary to build the foundation of
a strong national creative industry. In order to formulate the policy that supports the aforementioned
strategy, the big ASEAN nations namely Malaysia, Indonesia, Thailand, Singapore and the Philippines
need to know where they stand and gap in Triple Helix system to improve the innovation culture of the
countries as well the region as a whole.
The concept of Triple Helix in which there are three components, each role is able to move towards the
major changes both positive and negative. The three components are made up of academics with the
ability of mastering of science and technology capable of producing innovations applicable and new idea,
and there is a government that has the highest power in terms of policy and decision makers and supports
the system by providing funding for research and development, protecting intellectual rights and linked
with universities and creative industries, as well as the role is no less important is the entrepreneurs who
were able to move the wheels of the economy of the country. This concept should be implemented in the
ASEAN countries that is growing, and lead to the real competition of AEC, and urged to gain
comparative advantage in global competition.
Finally, It is argued that the Triple Helix interactions are an important factor in driving competition and
economic growth. Therefore, the nation needs policy coordination among various agents participating in
the innovation system to promote sustainable economic growth and long-term competitiveness (Freeman,
1987; Lundvall, 1998). This study will illustrate the concept by organizing this article into five major
sections. Firstly section 1 Introduce the concept and illustrate the research questions, section 2,
Theoretical Background, section 3 will discuss ASEAN-5 cases, section 4 will describe data, variable and
methodology and section 5 will shed light on conclusion and policy implication to find out the answers of
research questions of this study.
2.0. Theoretical background
2.1. Triple Helix mechanism
In Triple Helix (TH) mechanism, innovation starts with an idea completely new or from his or her
experiences may lead to the idea. The individual then shares the idea with his peers at work or university
research lab. Further action, could be influenced by R&D funds available from government mostly or
private sector, but more importantly it will depend on institutional support from local universities.
Afterwards this idea will make networks with other firms or industries (creative industries those mostly
involve in higher value added productions. This relationship is recognized as a Triple Helix of academicindustry-government in innovation studies (Etzkowitz and Leydesdorff, 2000). High R&D funds will not
lead to more innovations if people at all levels of innovation diffusion do not have relevant skills to move
the potential idea further towards patenting and commercialization.
This whole process can start with reverse system such as, an individual at a firm might have a great idea
of a technical process innovation (knowledge stage). If his supervisor and colleagues support the idea
(persuasion stage), the management may decide to contact a local university regarding further research
(decision stage). If the university has scientist and funds (or a firm might need to provide funds) to do the
required research, the company might implement process invention (implementation stage) and later on
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produce more advanced products. The company may also decide to apply for a patent (confirmation
stage) for the product innovation with some support from local government institutions. The company
may also decide to export the patented products (confirmation stage) assuming that the home country has
favorable trade relationship with foreign countries or regions of interest. As described in the example,
there are many social, institutional and economic factors that may limit or enhance innovation diffusion
process within the NIS. However, for the sake of this study, we are not considering other factors like
social or cultural rather we are more focus on economic output contribution from high-technology
industry. According to new growth theory, innovation driven product has increasing returns to scale as
opposed to physical labor driven industries where the law of diminishing returns tends to offset the
constant increasing returns, hence shows decreasing returns in neo classical production function.
Theoretically speaking, Romer’s(1990) new growth theory has been very influential and inspired many
econometric studies linking R&D, innovation and hence in TH model.
A model for effective links and integration between the three spheres of the Triple Helix Model (Saad
and Zawdie, 2005)

3.0. Justification of variable selection and descriptive study
3.1. Variable selection
First, it is important to note that a wide definition of innovation concept (following Schumpeter and New
Growth Theory) are used for the purpose of this paper. Innovation could be defined as a new process, a
new method of production, a new market, a new source of supply, a new organization, a new industry and
a new product. Second, we assume that innovation starts with an idea at individual/ firm level following
Rogers (2003) innovation diffusion model. Therefore, identifying major players and diffusion channels in
innovations process is very important. Third, we accept that there is no single best measure of innovation.
Therefore, four different variables are used in this study to capture innovation at different innovation
diffusion stages following the innovation diffusion conceptual model.
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Labour productivity is the most controversial proxy for innovation explanatory variable because of the
way it is calculated. However, Pires and Garcia (2012) argue that productivity is responsible for technical
efficiency, innovation and growth differences between countries. Recent econometric studies (Faustino
and Matos, 2015; Lee and Narjako, 2015; Felsenstein, 2015) also confirm that higher productivity may
lead to process innovation. Labour productivity may be increased by better human capital factors
(Felsenstein, 2015), trade openness, higher R&D and better quality of institutions (Nelson, 2006). For the
purpose of this paper we use labour productivity as a measure of process innovation, since most of it
might be unrepresented by the most commonly used innovation measures like patents or high-tech
exports.
Scientific and technical journal publications is another recent and popular proxy measure of new idea
generation in universities or research institutes. Castellacci and Natera (2013) define it as a result of
research and development funding from government activities by public system. Cai (2011), Pan Hung
and Lu (2010) and Chang (2015) use it as a proxy for knowledge generation and diffusion in NIS
efficiency analysis. As noted by Castellacci and Natera social cohesion and economic equality (free
education), higher public spending on education sector may positively influence advanced knowledge
adoption, research and diffusion within education sector and country. Scientific publications may be a
very important proxy to measure in macro level study to identify whether these ideas are actually
generating or linking the creative industries in individual countries or region.
Scientific publications or new idea generation from higher education institutes can contribute innovation
outcome as already discussed within innovation diffusion process context. However, it is not directly
captured by patents or high-tech exports, since there are many further steps and factors leading from
scientific results/ publications to actual patented products. Therefore, scientific and technical journal
publications are used as a separate proxy for research innovation explanatory variable in this paper.
High-tech or creative industries generally refer to the scope of the industry is automotive industry, the
drug industry, software industry, bio-technology and other industrial forms such as creative industries.
The creative industries can be defined as a collection of economic activities associated with the creation
or use of knowledge and information. High-tech exports are one of the most popular proxies for
innovation and NIS efficiency output (Afzal and Roger, 2014; Cai, 2011). Afzal and Roger consider hightech exports as commercialization of valuable knowledge creation. Fan (2011) uses high-tech exports
together with patents as a measure of overall national innovation capacity and economic development.
Overall, a variable of high-tech exports incorporates many aspects of private and public sector efficiency.
A firm (or industry) is the most active player in innovation commercialization process, but the ability to
sell high-tech products in foreign markets also depends on many other factors like Universities, trade
policy, supporting national institutions, chambers of commerce, embassies in foreign countries and
Research and Development support from government relations to help firms and industries reach
international markets. High-tech exports may also draw of previous innovation outcomes like research or
process innovation. Therefore, it is one of the most complete innovation measures. Therefore, for the
purpose of this paper, we use high-tech exports as percentage of total manufacturing to capture the
innovation outcome process in ASEAN.
3.2. Data Set and Descriptive Analysis
The data set consists of ASEAN-5 cross-country observations over the 2000-2015 period obtained from
the data base of World Development Indicators (http://data.worldbank.org/indicator); International
Telecommunication Union (ITU) (http://www.itu.int/) and World Competitiveness Year Book (WCY);
The variables are HTE which measures the high-tech export as percentage on total manufacturing as
proxy of innovation outcome, RDE as a proxy of research and development expenditure funded by
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government mostly, SJA as proxy of number of Scientific publication per 1000 population for new idea
generation or knowledge spill over from universities, LPP is the proxy of labor productivity overall in
tertiary education. Descriptive analysis of the dataset is given below.
3.3. Scientific and Technical Journal Articles (SJA)

Scientific and Technical Journal Articles (SJA)
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The visualization above shows the scientific and technical journal articles published by the ASEAN
countries for the period 2000 to 2015. Every country is producing the scientific and technical journal
articles and the number is increasing from the beginning of study period of analysis except the case in
Indonesia. From 2013 to 2015, the scientific and technical journal articles publication in Indonesia is
constant. The lowest publication per 1000 populations is found in Philippines recent years. Thailand’s
publication number is also increasing and no leap is visible. Whilst, Singapore had a small lift in scientific
and technical journal article publication in year 2003, which sustained till 2004 and then followed by a
steady increasing rate. The amount of Malaysia’s scientific and technical journal articles faced a fall in
year 2001. According to the fig 3.3, Malaysia is the highest number of publications than the other study
countries during 2009 to 2015. In 2015, Malaysia published about 20,000 scientific and technical journal
articles.
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3.4. Patent Applications, Residents (PAR)

PATENT APPLICATIONS, RESIDENTS (PAR)
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The state of patent applications claim by the residents of the five ASEAN countries is shown in Fig 3.4.
Among the countries, Philippines holds the least number of patent claim between the study period 2000 to
2015. Indonesia improves in patent claim in 2008, and the upward trend is sustained more in 2014 which
continued till 2015. Singapore had the highest patent application claims in 2015 among the study
countries. Claiming 1300 applications, Malaysian patent claim peaked highest in 2014. The patent
application remained constant in 2004 to 2006 and 2009 to 2010. On the other hand, the country also face
slump in the number of patent application in 2011 and in 2015.
3.5. High-Technology Exports (% of manufactured exports) (HTE)
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technology exports are products with high R&D intensity, such as in aerospace, computers,
pharmaceuticals, scientific instruments, and electrical machinery. The figure 3.5 illustrates the high-tech
export as total percentage of manufactured exports for the five ASEAN countries. Here, the high-tech
export was higher in the period 2000 and gradually decrease in 2015 for every country. The Philippines
ranked top between the year 2000 to 2015. Malaysia and Singapore show a consistent performance in
high-tech export over the years. In 2015, Malaysia had around 43% share of high-tech exports of total
exports whereas the high-tech export of Singapore was around 50% of its total export at that period.
Thailand’s share of high-tech export was around 34% in 2000 and declined to approximate 22% in 2015.
The smallest share with Indonesia having 16% in 2000- reduced to around 7% in 2015. The slump of the
high-tech exports of the countries from period 2006 to 2011 can be denoted as one of the most patent
events in the world economy.
Things that improved the share of high-tech exports in develoed economies, are basically availability of
cheaper raw materials, cheaper labor; increased efficiency and stronger entitlement of investment in
required R&D sector; broadened outlook on high-tech trade; enhancing the quality of education; etc. In
addition, Thailand is the highest in R&D among the countries and Singapore lies next.
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3.6. Labor Productivity (PPP)
The labor productivity of five ASEAN countries of period 2000 to 2015 is shown in the figure 3.6 above.
As we see here, Singapore grasps the highest labor productivity with 30% in 2000 and increase up to 45%
in 2015. Malaysia followed by Singapore havingv10% productivity growth in 2000 and stayed around
19% in 2015. Thailand lies above Indonesia and Philippines in labor productivity index from 2000 to
2015. Thailand’s ratings have been increased near about 1.5% since 2000 to 2015. On the other hand,
Indonesia and Philippines could not go above 5%.
This situation implies that Singapore has a higher living standard than the other countries. Also developed
labor productivity is straightly ascribable to some of the factors that trigger overall economic condition of
a nation. Such as physical capital, new technology and human capital, etc.
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3.7. Total Expenditure on R&D ($) (RDE)
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The expenditure on R&D can directly affect the innovation condition of a country. By the above
illustration a greater investment in R&D is seen in the case of Singapore and Thailand. In addition,
Thailand ranked as the highest investor in R&D among the five ASEAN countries for the period 2000 to
2015. Where Singapore stands second. The R&D expenditure is least in Indonesia. Malaysia and
Philippines follows an identical trend in R&D expenditure. These countries raised their R&D expenditure
in 2007 which is found to be constant till 2015. The same augmentation in R&D expenditure is found in
case of Singapore and Thailand in 2005 and being constant from 2012 to 2015 in fig 3.7.
4.0 Econometric Methodology
In this study, the model is estimated using panel data for 5 countries. The panel data analysis allows the
implication of data for N cross-sections (e.g. countries) and T time periods. The combined panel data
consist of a time series for each cross-sectional member in the data set and offer a variety of estimation
methods (Asteriou & Hall, 2007). Our main objectives of the research are to find out Triple Helix
relationship under NIS and how effective this relationship in long run. Therefore, our panel econometric
model can be given as follows in order to test long run associations of our variables to justify the research
objectives:
HTEit = α+α1 SJAit+ α2RDEit+ α3LPPit+ µit………………………………….(1)
Where the subscript i=1… N denotes the country (in our study, we have 5 ASEAN countries) and
t= 1…T denotes the time period (our time frame is 2000–2015), HTE is the high-tech export as
percentage on total manufacturing, RDE is research and development expenditure (as % of GDP), SJA as
proxy of number of Scientific publication per 1000 population, LPP is the overall labor productivity and µ
is the error term in equation 1.
4.1 Panel Unit Root Test
In order to understand whether there is a long run relationship between all the variables, applying
cointegration test, should check whether all the variables are stationary at level or not. If these series are
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not stationary at level, it should be preceded by first difference to get stationary positions. When all the
series become stationary at first difference level, we can use co-integration test (Dickey and Fuller, 1981;
Phillips and Perron, 1988).
Therefore, we begin our work by performing the panel unit root test proposed by Levin et al. (LLC)
(2002) and Im et al. (IPS) (2003). Both tests are based on the Augmented Dickey- Fuller principle.
4.2. Panel Cointegration
The concept of cointegration introduced by Granger (1969) is relevant to the problem of determining
long-run relationships between variables. The basic idea that supports cointegration is simple. If the
difference between two non-stationary series is itself stationary, then the two series are cointegrated. If
two or more series are cointegrated, it is possible to interpret the variables in these series as being in a
long-run equilibrium relationship (Engle and Granger, 1987). By contrast, a lack of cointegration suggests
that the variables have no long-run relationship-thus, in principle, the postulated variables can arbitrarily
move far away from one another. Therefore, Panel cointegration test is used to investigate the long-run
equilibrium relation between the dependent variable and all the independent variables as a group in the
model.
In fact, there are numerous cointegration tests such as those of Engle and Granger (1987), Johansen
(1991) and Philips and Ouliaris (1990), which documented in the time series literature. However, these
tests fail to take advantage of information across countries, which lead to the loss of efficiency in
estimation. Recently, several authors, such as Pedroni (2004), Kao and Chiang (2000) and Kao (1999)
have developed cointegration tests with panel data. In this article, we employ the Panel cointegration tests
proposed by Pedroni (2004) and Kao (1999) to test whether a cointegration exists in the estimated
equations.
To test the null hypothesis of non cointegration, Pedroni (1999, 2004) proposed seven cointegration tests
of two types: Four within the model and three between models. This study employs the ADF statistic and
the ADF statistic for groups since Pedroni (1999) showed that the ADF tests work better than others when
applied to small samples, such as the present panel. Following Pedroni (1999), the heterogeneous panel
and group of the mean panel cointegration statistics are calculated as follows (Lee, 2005).
The panel Cointegration technique is still active and used in several studies as the main method (Cetin et
al. 2014) or in a complementary way (Adhikari & Chen, 2012; Jebli & Youssef, 2015).
However, Kao offered two types of tests to examine panel cointegration, which are the Dickey Fuller
(DF) and the augmented Dickey Fuller (ADF) tests. Besides, others used the Fisher type test to aggregate
the p values of the individual Johansen maximum likelihood cointegration test statistics. Because the
OLS, which is used to estimate the panel cointegration vectors, are a biased and inconsistent estimator,
hence, the Panel Dynamic Ordinary Least Squares (DOLS) estimator was introduced by Pedroni (2000);
Phillips and Moon (1999) and developed by Kao and Chiang (2000) which is allowed to take serial
correlation and endogeneity of the regressors into the conventional OLS estimator.
Additionally, we used the DOLS technique developed by Kao and Chiang (2000) to estimate the long-run
panel cointegrated model. DOLS builds upon the time series analysis of Stock (Stock & Watson, 1993;
Saikkonen, 1991). Kao and Chiang’s (2000) Monte Carlo simulations showed that DOLS outperforms
both the OLS and FMOLS estimators on all counts. The estimated coefficients of the DOLS converge to
the same coefficients as the FMOLS estimation. Mark and Sul (2003) evaluated the panel DOLS
estimator by Monte Carlo simulation. They concluded that panel DOLS provides much more precise
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estimates and has standard asymptotic distributions that provide reasonably close approximations to the
exact sampling distributions in small samples.
The model of the DOLS is as follows:
Yit = αi+Xitβi+µit*……………………(2)
Xit = Xit-1+Vit………………………..(3)
With the regressors Yit is the the high-tech export as percentage on total manufacturing at time t, X it is
the indicators of Scientific publications, research and development expenditure, overall labor
productivity, being integrated of order 1, then cointegrated with slopes β i.
4.3 Empirical Results
4.3.1. Results of Panel Unit Root Tests
To investigate the stationarity of the series used, we applied the unit root tests on panel data (LLC, IPS).
The results of these tests are presented in the following table:
Variables

HTE
RDE
SJA
LPP

Table 1: Results for panel unit root tests (Level and First Differences)
LLC test
IPS test
Level
First Difference
Level
First Difference
TStatistics
-1.88
0.756
-1.47
-3.34

p-value
0.0297
0.7752
0.0706
0.0004

TStatistics
-8.302
-4.85
-7.43
-4.10

p-value
0.0000
0.0000
0.0000
0.0000

TStatistics
0.613
3.38
0.700
-0.493

p-value
0.7302
0.999
0.7581
0.3108

TStatistics
-6.24
-4.74
-5.48
-2.894

p-value
0.0000
0.0000
0.0000
0.0000

From the results of the unit root tests performed for the seven panels of the study, we can draw the
following conclusions: All the statistics are not significant at 1% level for all series. After differentiation
into first degree data, we noticed a significant way that all data are stationary for all the variables. Thus,
all the series are integrated of order one I(1).These results led us to a logical way to test for the presence
or absence of a long-term relationship between them by applying Co-integration.
4.3.2. Results of Cointegration Tests
According to the results of Table 1, we confirm that all the variables are I (1), and then we start the longrun analysis, that is to use panel cointegration tests examining the relationship between the five variables.
Besides, considering the analysis of sensitivity and robustness, we employed two kinds of panel
cointegration tests, those of Pedroni and Kao panel cointegration tests.
The results of panel unit root test indicate that our variables are first order integrated I(1). Then, we
proceed to test cointegration panel, by relying on Pedroni's Residual-Based Panel Cointegration Tests
(1999, 2004), which refer to seven different statistics for this test.
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The results are as follows:
Table 2: Results for Pedroni’s panel cointegration tests
Alternative hypothesis: common AR coefs. (within-dimension)
Statistic
Prob.
Weighted Statistic
Panel v-Statistic
-1.377025
0.9158
1.52697
Panel rho-Statistic
2.829966
0.9976
1.99349
Panel PP-Statistic
-3.735558
0.0001
1.584605
Panel ADF-Statistic
-3.950715
0.0000
-1.704526
Alternative hypothesis: individual AR coefs. (between-dimension)
Statistic
Prob.
Group rho-Statistic
2.861781
0.9927
Group PP-Statistic
-2.43387
0.0035
Group ADF-Statistic
-2.41775
0.0074

Prob.
0.7008
0.9769
0.9440
0.0466

From table 2, out of the total seven statistics, that include Panel PP-statistics, Panel ADF-statistics, Group
PP and Group ADF- statistics are not significant at 1% level, which indicates the rejection of the null
hypothesis of no cointegration. Generally, evaluating according to the results of these four tests, it can be
reported that Pedroni’s cointegration test results show a cointegration relationship between the analyzed
variables.
Kao’s residual cointegration test results

Residual variance
HAC variance

Table 3: Results for Kao panel cointegration tests
ADF
T-Statistics
15.89674
1.441108
0.955406

Prob.
0.0000

Table 3 provides results for the Kao (1999) panel cointegration test, which rejects the null hypothesis of
no cointegration for the economic growth and other variables at 1% significance level; therefore, there is
existence of cointegration.
It is clear that in all the panel data sets, there is a long run relationship between tertiary education
expenditure, RD expenditure, patent applications, ICT investment and economic growth for our panel of
continents. Since there is cointegration between tertiary education expenditure and the other variables of
our model, the equation model is estimated through the Dynamic Ordinary Least Square (DOLS) method.
In fact, the DOLS method has a feature of resolving deviations in the static regression (particularly
problems arising from endogeneity), including dynamics elements to the model (Kök et al., 2010).
4.3.3. The DOLS Estimation
After confirming the existence of a Co-integration relationship between the series, we have to move to the
estimation of the long term relationship.
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There are different available estimators to estimate a vector Co-integration panel data, including with and
between groups such as OLS estimates, fully modified OLS (FMOLS) estimators and estimators dynamic
OLS (DOLS).
In this part of the study, the long run individual cointegration coefficients will be estimated using the
DOLS which was developed by Kao and Chiang (2000).
The DOLS estimations and the results are presented in Table 4.
Table 4: Results for Panel DOLS
Dependent Variable: HTE
Method: Dynamic Least Squares (DOLS)
Variable
Coefficient
Std. Error
SJA
0.0035
0.003796
RDE
0.076081
0.015163
LPP
3.228130
1.677460
C
3.206619
1.569812
R-squared
0.521296
Mean dependent var
Adjusted R-squared
0.477529
S.D. dependent var
S.E. of regression

16.15799

Sum squared resid
Long-run variance

t-Statistic
1.171369
-5.017581
2.945127
2.042677

Prob.
0.2560
0.0260
0.0037
0.0426
39.19487
19.21857
4656.497
104.3935

Results for Panel DOLS from table 4 show that, the elasticity of SJA across the panels was calculated as
0.0035. This means that a 1% increase in Scientific publications in universities or research centers in the
ASEAN-5 countries generates approximately 0.0035% increase of value added high-technology
production in the long-run. The variable is not significant at 5% and 10% level which implies that there is
no significant impact on high-tech goods production from university or research centers publication
outcomes in ASEAN. This also tells the story that the link between university and industry collaboration
is not so much solid. This is an interesting finding from our research. Elastic coefficients of R&D are
calculated as 0.076%. Therefore, an increase of 1% in R&D constitutes a positive effect on high-tech
production at the rate of approximately 0.076%. On the other hand, a 1% increase in Lobar productivity
(LPP) causes 3.22 % increases of high-tech productions in the long-run.
According to the test results of the DOLS estimation, RDE and LPP in the long-run affect high-tech
goods production significantly both in a positive and statistical way as expected. Furthermore, the
findings indicate a positive relationship between Scientific publications mostly from the universities
(SJA) and high-tech goods production (THE), but statically non- significant. ASEAN member states can
take this important finding into consideration to formulate their TH policy implications for future.
The above sections analyze the feedback effect between high-tech based productions, Scientific
publications per 1000 populations in ASEAN, R&D and labor productivity. Our model organizes and
estimates such effects, and the analysis shows that research expenditure from government, overall labor
productivity and Scientific publications share a positive relationship with High-technology based
production, although industry (represented by (high-tech production)-university (idea generation through
scientific publications) linkage is still weak in ASEAN region under the broad umbrella of National
Innovation system.
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5.0 Conclusion and Policy Discussions
Nowadays, to achieve a competitive economy, the focus should be oriented on National Innovation
System (NIS) with some key factors, such as high-technology based value added products, R&D, new
idea generation through scientific publications and overall labor productivity. In this context, Technology
based production from high-tech industry baked by government and universities (following the theory of
Triple Helix model) can be the powerful way to develop the knowledge economy which increase
competitive performance and long term state development in ASEAN region.
In fact, the development of NIS quality depends mainly by focusing on innovation activity. Actually, new
idea and R&D play a key role for the future development of higher education institutions and represent a
catalyst for innovation and excellence in this sector.
The aim of this study is to investigate the link between innovation output measured by high-tech goods
production, government support for innovation measured by R&D expenditure and new idea generation
from higher education institutes measure by scientific and technical article publications under National
Innovation and Triple Helix context in ASEAN-5 countries over the period 2000-2015.
Our results provide evidence that economically value added technology based production depends on new
ideas from universities, government R&D expenditure and overall labor productivity in big ASEAN
economies. Although the link between idea coming from high education institutes and transferred to hightech industries are not yet strongly tighten up in ASEAN-5. This is a major empirical finding from our
research.
The empirical results support the two research questions of this study, first there is long run relationship
between innovation outcome and its key drivers under triple helix context of national Innovation System
in ASEAN-5 economies.; Secondly, the extent of relationship among government R&D expenditure with
High-tech productions are positive and significant while new ideas coming from universities as scientific
publications and high-tech production have positive relationship but not significant yet in ASEAN-5
countries. Overall labor productivity is positive and significant with innovation outcomes in the region.
In short, a 1% increase in SJA, RDE and LPP affects high-tech production by 0.0035%, 0.0762% and
3.2% successively in the long run.
The main findings show that the most important contribution to high-tech productions as proxy of
innovation output has been made by RD expenditure and labor productivity. The scientific publications
and high-tech productions has weak linkage meaning that the Triple Helix model under NIS is not
working properly in ASEAN-5 countries. It is very important to make strong and robust collaboration
among government-industry and university relationship for the long run sustainable economic growth of
this region. This finding, suggest that, universities besides being promoted quality and excellence of
students, they should lead them to engage in research and patent activity with local industry in order to
enhance the performance in National Innovation System. Side by side ASEAN-5 countries can take some
measures suggests from Triple Helix literatures, firstly, establishing a fair sharing arrangement for royalty
payments to researchers also increases their interest and commitment to the commercialization process,
secondly, a further incentive mechanism is an appraisal systems for academics based not only on
traditional teaching and research metrics, but also considers relevance of their research to industry
(Debackere and Veugelers, 2005), Finally, University funding cuts or decreases in funding by a Ministry
of Education could be a potential external driver for the university to seek outside funding and as a
consequence collaborate with industry (Laukkanen, 2003). This research believes, an innovation strategy
centered on the Triple Helix systems can be an attractive perspective, especially for regions that aim to
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enhance their knowledge based economy around research themes with commercial potential and
innovative firms that could realize that potential.
Lack of social and cultural factors such as, innovation culture within the industry, university and
government policy, social motivational factors for innovation, institutional regimes, regulatory factors,
political stability, foreign policy etc are not considered in this research. This is perhaps the main
limitation of this study. To overcome this limitation, future researcher can pursue a primary survey
method at a micro level to identify the aforementioned factors to better understand the dynamics Triple
Helix system and develop overall innovation policy of the nation as well as the region.
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