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ABSTRACT

The Fourth Industrial Revolution will change not only what
we do but also who we are. It will affect our identity and all
the issues associated with it (Schwab, 2016). The state of rising
technological innovation and progress of the ICT-based era of
modernization and globalization, particularly in developing
countries, is driving the global economy into a new structure
of transitional development and transformation. The paper
examines the impacts of technological progress on economic
output in the CLMV region from 1995 to 2016. The
conventional estimation approaches of RE, MLE-RE, FE and
FGLS estimation with/without robust standard error, provide
accurate and consistent empirical outcomes. The crucial
impact of technological progress, internet server connections
and ICT and computer import products as proxies, is found to
boost economic output and generate growth rate in the CLMV
region. The findings suggest that policymakers should direct
policy towards investment, trade in technology, and
diversification to facilitate flows of capital, goods, and
services, and support bringing business structures in line with
technological innovation.

Keywords: Technological Innovation and Progress,
Economic Output, Economic Significance Analysis, CLMV
Region

JEL Classification: O3, CO1
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1. Background and Motivation

Technological innovation and progress towards greater
information and communication technology (ICT)
development can foster economic innovation, poverty
reduction and robust economic growth by making accessible
the empowering wealth of information available to people in
both developed and developing countries. The act of
transforming human behavior through digitalization and
technological progress has placed the economy on a new path
of transitional development. ICT has transformed many
structures in the economy through reorganization of the
economy, trade and foreign direct investment (FDI). However,
despite increasing globalization, multinational enterprises
(MNESs) have advantages through information asymmetry in
market diversification as well as access to the latest
innovations, such as big data and blockchain technology. So
far, the internet technology is not yet the new frontier in
Thailand, as access to internet connection and servers has yet
to become a vital developing tool for the country.

The Fourth Industrial Revolution is a digital revolution
that requires universal and reliable internet access; without
stable and affordable access, many developing countries will
not be able to fully participate in an increasingly mobile and
digital-based economy. ICT plays a significant role in the
development of each economic sector, particularly during
liberalization process (Saidi, Hassen & Hammami, 2015). The
theoretical framework suggests the crucial tool for a country
to boost productivity via innovation in the factor production.
The significant and positive relationship between ICT and
economic growth is found in many empirical studies, both
based developed and developing countries. Adak (2015),
Alani (2012), Mefteh and Benhassen (2015), Caliskan (2015),
Farhadi, Ismail and Fooladi (2012), and Niebel (2014)
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confirmed the relationship by studying members of the OECD
and the European Union (Edquist & Henrekson, 2006;
Hanclova, Doucek, Fischer & Vltavska, 2015; Falk & Biagi,
2015). As suggested by Edquist and Henrekson (2006), with
supporting evidence from Hagsten (2016), based on counting
broadband-connections, the research stressed the importance
of ICT for innovations and growth during the past three
decades.

The primary of impacts of technological change are in
promoting innovation, raising productivity and simulating
economic growth and therefore economic well-being of
human beings (Samimi, Ledary & Samimi, 2015). It has
enabled enterprises and individuals to use technology more
effectively and facilitate cost reductions and enhancing
productivity, as well as increasing payoffs from investment
(Caliskan, 2015; Adak, 2015). More importantly, technology
i1s an important factor for increasing the growth rate of the
economy at the macro level, as well as profits and market
shares of the firms at micro level (Caliskan, 2015). In the study
of Kuppusamy, Raman and Lee (2009) between private and
government sectors, it confirmed that ICT investments made
by the private sector seem to have contributed significantly to
the country’s growth compared to investments made by the
government. In line with a large cross-sectional data, Mefteh
and Benhassen (2015) and Farhadi et al. (2012) stated that the
diffusion of new technology has accelerated the pace of
economic growth. Hence, it is possible to conclude that ICT
innovation and progress has a strong association with
economic growth, particularly when the investment in new
technologies is by the private sector.

The research question of this study is to find out what is
the impact of technological innovation and progress on
economic output in the CLMV region, and what recent
progress has been made on technology development in CLMV
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region. Therefore, the main objectives of the study are firstly
to examine the impacts of technological innovation and
progress on economic output. Secondly, it is to measure the
economic significance of technology innovation and progress
to economic output through a proxy. The study is organized as
follows: Section 1 introduced the backgrounds and
motivations of the study, Section 2 presents the stylized facts
of technological progress and innovation and economic
output. Section 3 describes the methodology and data set.
Section 4 discusses the empirical outcomes and technical
observations, and section 5 makes some concluding remarks
and highlights policy suggestions.

2. Stylized Facts of Technological Innovation and
Economic Growth

Existing theories on the relation of capital, labor and
technological innovation with economic growth have been
long debated in seminal papers such as Solow (1956) and
Romer (1990); while innovation and entrepreneurship are
highlighted by Schumpeter (1983) as presented by Sledzik
(2013), as the main drivers for sustainable economic growth.
Technology as a factor is suggested to complement capital and
labor in the sense that it brings productivity gains in production
by introducing new knowledge and innovations (Solow, 1956;
Romer, 1990; Gottfries, 2013). The literature treats technology
in two ways: the neoclassical model of growth suggests that
technology is an exogenous factor, and in this case, one should
expect income to converge between countries over time
because of every economy’s constant access to technological
progress. On the other hand, endogenous growth theory does
not assume convergence since it attempts to explain how the
level of technology varies. Both theories do support the
characteristics of diminishing marginal returns on
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investments. Consequently, expectations about higher returns
on investment where there are lower stocks of capital and labor
are anticipated (Gottfries, 2013).

Recent empirical studies have investigated the impact of
technological progress and investment of the ICT base on
economic output via either cross-section or country level
analysis. Das, Khan and Chowdhury (2016) stressed that ICT
diffusion, through increased internet and mobile cellular
phone subscriptions, can positively affect economic growth
(Sassi & Goaied, 2013; Shahiduzzaman & Alam, 2014) in
three different ways. Firstly, it can assist economy-wide
technology diffusion and innovation. Secondly, it can
improve the quality of decision making by economic agents.
And finally, it can raise the output level by creating demand
for goods and services and by lowering costs of production
(Vu, 2005).

Waverman, Meschi and Fuss (2005) argued that an
average of 10 additional mobile phones per 100 people would
increase per capita GDP growth by approximately 0.59
percent in low income countries. Although the development
of ICT infrastructure has been a major challenge, there has
been a considerable rise in the number of Internet and mobile
users in many developing countries in Asia. In few cases such
as China, India and Sri Lanka, these numbers are as high as
80.76%, 69.92% and 91.63%, respectively (International
Telecommunication Union, 2014). Interestingly, the number
of mobile subscriptions in many Asian countries such as
Indonesia, Korea, Malaysia, Philippines, Singapore and
Thailand exceed their respective total population.

The empirical analysis of macro-level effects of
technological progress on economic growth in developing and
emerging countries examined the comparability and
generalizability of estimated results. Niebel (2014) noted that
investment in ICT is seen as a key driver of productivity
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growth. Kuppusamy et al. (2009) carried out research on data
from both the private and public sector over the period 1992-
2006 and found that ICT investments undertaken have paid
off, albeit at different scales in different economic sectors.
Those of private sector seem to have contributed mainly to the
country’s growth as opposed to the government’s investment.
Thus, investment in ICT resulting in benefit to social well-
being due to greater ICT-enabled community will translate
into higher economic growth. Adak (2015) found similarly
that there was a significant impact of technological progress
and innovation on economic growth in Turkey. Caliskan
(2015) stated that technological development made very
important contributions to the economic and society.
Additionally, Alani (2012) pointed out that growth in
technological progress resulted in economic growth,
regardless of whether it increased capital productivity or labor
productivity.

With a large cross-section of 50 ICT goods importing
countries, ICT investment has had a significant impact on
economic growth not only as traditional investment, but also
as a tool to boost efficiency in growth. In addition, it is
proposed that a higher level of ICT capital stock per capita will
allow an economy to achieve a higher growth rate for given
levels of growth in labor and capital inputs. Farhadi et al.
(2012) applied dynamic GMM based on panel data from 159
countries over the period 2000 to 2009 and found that there is
a positive relationship between growth rate of real GDP per
capita and ICT. Similarly, with 43 countries over the period
1995-2011, Mefteh and Benhassen (2015) suggest a positive
and significant relationship. Based on a sample of 101
countries in the period 1995-2015, using an augmented Cobb-
Douglas production function with GDP growth as dependent
variable, Liljevern and Karlsson (2017) divided the sample
into four income groups- high, upper middle, lower middle and
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low, to account for income disparities across countrie bs and
show that there are only significant contributions to growth in
the top-three richest countries, with exception for the middle-
income countries when controlling for fixed effects.

3. Methodology and Data Collection

3.1. Data calculation and source

The data was obtained from the World Bank’s World
Development Indicators (WDI). The study uses GDP per
capita growth rate as the proxy of explained variable,
representing economic output. Internet server connection (%
radio of population) and computer, communication and ICT
(% of export) are the explanatory variable, denoted as a proxy
for technological progress. To capture the causal relationship
in the system equation, other controlled variables such trade
openness, FDI and CPI (as the proxy of inflation rate) are
included in our analysis. The sample observations are
converted into natural log form. The descriptive statistics are
presented in the Appendix 1. The figure below provides a
graphic illustration of the relationship between GDP per capita
and internet connections, and with import of computers and
related products.
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Figure 1. Scatter graphic of real GDP per capita to internet
and computer as explanatory variables

2000
1

1500
1
1000 1500 2000

1000
1

500
1

500
1

0
1

0
1

0 10 20 30 40 50 0 20 40 60 80 100

Fitted values * gdppc

2000
1

2000
1

1500
1

PRV L

GDP per capita
1000
1
GDP per capita

500
1

0
1
0
1

Internet Computer

Source: Authors’ illustration based on WDI data.
3.2. Empirical methodology

Due to increasing numbers of internet connections and
usage in the CLMYV region, and based on the existing body of
literature, the study derives the specification function of the
impact of technological innovation/progress and economic
output towards the controlled variables as follows:

log(yi¢) = a + Blog(Tech;,) + W' + pir (1)

84



Thammasat Review of Economic and Social Policy
Volume 4, Number 2, July - December 2018

Where,

® y;¢ s per capita GDP growth rate at time t for country
i

® Tech; denotes technological p innovation and
progress, proxied by internet connections and
computer and ICT imports as % of total import

° W’i't is the matrix of controlled variables, containing
variables such as foreign direct investment (FDI) as
the percentage of GDP (%), trade openness and
inflation rate (CPI)

® . is an error (disturbance) term which is assumed to

be a Gaussian distribution, with mean and variance,
N(0,1)

The baseline model including and excluding control
variable is employed. The other models incorporate dummy
variables and interaction with the proxy for technological
innovation and progress to examine the different effects in the
countries of interest, namely Cambodia, Lao PDR, Myanmar
and Vietnam. To examine the effect from individual country
and time dummy, a binary variable which takes the value of 0
or 1 is employed. The study subscripts its function as follows:
consider country dummy CD, = 1 where r is the evaluated
country, e.g. CD,, = 1 if r = cambodia and 0 otherwise. As
the result, we denote as follows:

Country dummy = 6,.CD, (2)

Where, country dummy, (CD, ) andr = 1, ..., R is dummy
variable taking number 1 for country r, and 0O, otherwise. It is
calculated by multiplying with the country dummy variable.
With regard to time dummy, let’s denote 7;T; as the time trend

effect or time dummy where 7; is the parameters of time trend,
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T;. It equals to 1 on year j and O otherwise. For any given year
j, denote the function by setting T; =1 forj equates to

determined period and O otherwise. As the result, we get an
expression as follows:

Time dummy = Z] 1 G (3)

From equation (1), (2) and (3), we can write a new
specification function of technological p innovation/progress
and economic output in CLMYV region as follows:

log(yi,t) =a+pf log(Techi,t) + 0,+CD,
+ Zsz_l1 TTi+ W' + 1y (4)

Equation (4) will be estimated using panel data methods,
namely fixed effect (FE) and random effect (RE) models,
MLE-RE and FGLS estimation. A brief description of panel
data model 1s explained as follows. Consider an explained
variable, (;) and a set of explanatory variables, (x';) at time
(t) and cross-section (i). Control variable (W'i) is
incorporated into the regression equation. Accordingly, we get
the regression equation for panel data analysis as follows:

yie=a+nx'i;; +ypw'i + v + & (5)

Where, a is constant term and ;¢ = v; + € is a random
effect across the country. From equation (5), Hsiao (2014)
discloses that the pooled OLS estimator takes into account the
country specific effect; accordingly, panel data models based
on FE and RE estimators are used to eliminate those problems
by considering the assumptions as follows. FE assumes that
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the slopes are common and differ in intercept and allows for
unobservable country heterogeneity whereas the RE estimator
considers unobservable country heterogeneity effect but
flexible of wvariation across countries. Unlike FE, the RE
estimator incorporates these effects into error term which is
assumed to be uncorrelated with the dependent variable
(Hsiao, 2014). It is worth noting that, since time-invariant
variables such as distance and common languages as well as
religions were removed in FE estimator for which leads it to
be less efficient. Accordingly, to eliminate that issue, RE
estimator takes these factors into account. To select whether
FE or RE estimator is appropriate, based on Hausman (1978),
the null hypothesis i1s that difference in coefficients not
systematic and vice versa for the alternative one.

Moreover, it is worth noting that the OLS estimator is
biased, inconsistent and inefficient due to autocorrelation, or
serial correlation (Greene, 2012). The empirical result is thus
theoretically not reliable. Accordingly, other estimators take
into account these issues. In the presence of heteroskedasticity
of error term, the FGLS estimator uses weighted least squares
(WLS) to correct for consistency and efficiency in the
presence of heteroskedasticity and can be applied to a
linearized model. FGLS, in contrast to RE or FE estimator,
assumes orthogonality between explanatory variables and the
unobserved heterogeneity (Baltagi, 2008). In empirical studies
it 1s revealed that it is fitted perfectly to small sample size,
meaning that it is sensitive to small sample size observations,
and has the lowest bias. Consequently, it is perfectly fitted to
our study where it consists of only 4 cross-sections with a
sample of 79 observations. The method applies a weighted
matrix to estimate the parameter errors of heteroskedasticity.
For the weighted matrix, {;; to be parameterized to model
cross-sectional correlation, they must be square (balanced
panels). Our dataset is strongly balanced. According to Imbens
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and Wooldridge (2009), FGLS weighs the observations in line
to the square root of their variance. It is given by:

Bres = (71T Ty = (T D) Ty ki X x T (6)

It can be showed that even if the weights used in FGLS
estimation are biased (resulting in a biased estimation of the
residuals variance), FGLS would still provide consistent
estimates due to the variance matrix of the error terms applied
transformation technique (Manning, 1998). Equations (1) and
(4) will be estimated using FGLS, FE, RE and MLE-RE
estimators with a diagnostic test of Breusch-Pagan/Cook-
Weisberg to test for heteroskedasticity. MLE-RE is also
employed to check the robustness of standard error (SE) in
increasing an accuracy of estimation. Lastly, it will also
capture more detail of panel data approach, they can be found
in Hsiao (2014), Hausman (1978), Baltagi (2008), Imbens and
Wooldridge (2009), Manning (1998) and Greene (2012).

4. Empirical Results and Discussions

In this section, the study aims to discuss the empirical
outcomes from the baseline regression model. Four estimators,
namely RE, MLE-RE, FE and FGLS are used to estimate
equations (1) and (4) in line with controlling dummy variables
of cross-section term. The variables are multiplied by cross-
section to test technological innovation and progress. The
empirical results are shown in Table 1, 2 and 3, 4 for
estimation of MLE-RE and FE without robust SE and RE and
FE with robust SE respectively, and Table 5 shows the results
of FGLS estimation.
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4.1. Preliminary results

The overall statistical significance of the estimation is
supported by the F-statistics for all models. This suggests that
the proposed estimation models are econometrically and
methodologically justified. Table 1 reports models (1), (2) and
(3), the study estimating technological innovation and
progress through a proxy of internet server connections with
and without controlled and dummy variables. Models (4), (5)
and (6) of the study uses import of computer and ICT product
as the proxy variables. It is estimated with and without
controlled and dummy variables similar models (1), (2) and
(3). Models (1), (2) and (3) reveal a statistically significant
positive relationship between internet server connections and
economic output. This can be interpreted as a 1% change of
internet server connections, leads to an increase of 0.10%,
0.05% and 0.038% in economic output in CLMV countries. It
supports the idea of rising investment in ICT through
increasing connections to the internet in the recent period.
Models (4), (5) and (6) conversely show a negative
relationship. A possible reason is due to the fact that CLMV
countries, particularly Cambodia and Myanmar, have had
trade deficits for the last decade. Thus, a big amount of import
results 1n decreasing economic output if government
expenditure or population is exclusive. Looking closely at
controlled variables such as FDI, trade and CPI, they are
positively associated with economic growth and are
statistically significant. Simply, this reflects the sense of rising
capital flows into CLMV region as well as other developing
world after the global financial crisis in 2009. Year-on-year,
FDI approximates nearly 18% contributing to ASEAN. CPI is
negatively related to economic output, potentially due to rising
world fuel price which caused increases in the price level.
Nevertheless, the inflation rate has not caused decreased
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economic growth since in CLMV countries the gap of the
overall price level is relatively and comparatively modest,
approximated at an annual average of 3.5%. It potentially
indicates a better destination for investment and trade
compared to nearby neighbors.

Turning to FE results, it is similar to those of Table 1. It
shows a statistical significance at 1% for all proposed models.
The statistical significance of explaining economic output
remains the same. Internet server connections is positively
related to economic output at 1% level of significance. It
reflects what the World Bank stated in 2017 that progress is
possible. Effective ICT policy reform can trigger greater
private investment in broadband infrastructure and make
internet access more affordable. The import of computers is
negatively associated with growth. Control variables are
positively correlated with economic output. More importantly,
with respect to the dummy effect interaction with country and
technological progress variables, the model indicates a
negative relationship with economic output. A few variables
are dropped due to the correlation.

4.2. Robustness checks

The study now reports the empirical outcomes of robust
standard error (SE) in Tables 3 and 4. Table 3 shows internet
server connections is positively and statistically significant in
explaining economic output. Control variables lost their
explanatory power if we estimate the baseline regression
equation separately between technological progress and
explained variable. Conversely, it is significant estimating
with the full specification function. Our key variables of
interest are internet server connections since the central
objective of the study is to examine the impacts of
technological innovation and progress on economic output.
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More importantly, control variables such as FDI, trade
openness and CPI are jointly related in explaining economic
output as well. Furthermore, the estimated magnitudes of the
parameters tend to be stable across different model
specifications. These findings are encouraging since it
indicates the robustness of our estimated parameters, and
hence, a lower risk that our estimates are biased (Estrada,
2010). Overall, our evidence fits perfectly in line with the
empirical literature, which suggests that technological
progress measured by internet server connections and
importation of computer and communication plays a
significant and essential role in boosting economic output and
growth.

4.3. Economic significance analysis

Next, the study measures the estimated regression of the
significant factors. It is calculated from multiplying the
estimated coefficient of the variable and its standard deviation
(SD). The largest and smallest impacts are presented in Figure
2. Economic output is largely driven by internet-based
technology followed by FDI, trade and inflation rate. This
suggests the important role of the adoption and transformation
through usage ICT both in trade and investment by firms.
Furthermore, it finds that these countries posted strong growth
in internet user numbers over the past 12 months, with users in
Laos up an impressive 83% year-on-year versus January 2016.
Cambodia — also at the lower end of the regional rankings,
posted strong growth with internet users growing by 43% over
the course of 2016 to reach 45% penetration in January 2017
(Kemp, 2017).
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Figure 2. Economic significance of technological
innovation/progress regression: Fixed effect model with
robust standard error
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Source: Author’s estimates.

5. Concluding Remarks

The empirical analysis yields evidence that is strongly
supportive of the positive linkage between technological
innovation and progress measured as internet connection and
economic growth. Our findings indicate that overall
technology investment exerted a significant and positive effect
on real per capita GDP growth in the CLMV region during the
observed period. The evidence is robust and consistent across
different specifications for cross-sectional analysis, and while
using dummy variables to measure the interaction between
cross-section and the determinant variable. There are a number
of key messages which emerged from our empirical analysis
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for CLMYV countries policymakers. Above all, it suggests that
technological progress and innovation will be a key ingredient
of the region’s medium and long-run growth. Another
important means of furthering technology investment is to
improve the investment climate and trade via technological
means in addition to augmenting the supply of investment in
ICT by foreign investors to bring in new technology and
management, thus boosting the domestic economy’s
productivity and efficiency.

93



(LS0)

€000 JeWURATA X 1OUIU]
(¥6°¢-) (€°0-)
#45750°0" ¢00°0- O®T] X JouIauy
(80C) (09)
700 #5500 eIpoquie’) X Jouraiuy
(28°€) (81°9) ($8°9) (€€81)
w3700 #4%x8E0°0 xxx[S00 sxx£0[0 SUOLIIUUOD AINLIS JOULIJU]
(LL'S) CIN40) S¥'11) (€L'S) (9G°L)
%53 V9C°0  %xx[8E0  #%xx£6€°0 #xx08€°0 #xx£CE0 I1dO
(0 9L¢) (290 (902) (€S1)
700 #%x690°0  %xx€S0°0 x1C0°0 8100 opel],
(SSD) (S¢) (20°'¢) (86°¢) (88°¢)
+£70°0 #3x0C1°0  %xLIT0  %%xx9900 +%%8L0°0 1ad
9) (S) ) (€) () (1)

T — ATIA ‘uonyenba uoIssaI33a durseyq yndyno drwouody

Thammasat Review of Economic and Social Policy
Volume 4, Number 2, July - December 2018

(Topow Y- TIA) YIMO0I3 dIOU0I U0 $$a1301d [BI130[0UyI) JO Jordwll JO uonewWnsy ‘[ 9[qe],

94



Thammasat Review of Economic and Social Policy

Volume 4, Number 2, July - December 2018

"SAJBWISI S JOYINY :2IN0S
1:0>d & pue GO'0>d 4u ‘T0'0>d w44 PUR SISAYPIUAIRA UT SIMISTIBIS-) (QJION

IS LS LS L (45 cL SuUONeAIISqO
sk LU LLT ek CLSTT sk CT'E8 %% L9°80C  sxxO1'CLT  %xx9C VI [epour pantg
SIX SIX SIX SIX SIX SAX Awwnp [euoroas—ssoI)
SO SO SO SIX SO SAX Awrwnp awr],
(L1°61) (81°62) (IL91) (18°22) (9¥°'C2) (€¥'L6)
x3x0VS°C % CCL'C %816V %x%C96V  #xx%C90°C  %%xx%€9L°9 jue)suo)
(¥L0-) (29°0-)
6000 910°0- oeT x ndwo)
(So'01-) (ST'8-)
*xx9V 10" %%x0CC 0" eipoquie)) X 1ndwo))
(€€F) (SS'I-) (£0°C-)
wxxx 501 0" 650°0- x620°0- 1induio))
9) (S) ) (€) (2) (1)

T — A'TIA ‘uonpenbd uo1ssaagaa aurpseyq

ndino druouody

(panunuo)) ‘1 Qe

95



(€9°6-)

% 8750°0- Welu)at A X Jourajuy
(8¢°¢-) (Sev)
#%790°0- #%x50°0" Tewue AN X 1ouIo)u]
(L¥'S-) (Z8¥-)
s [€1°0" #:5%907°0" O®7] X Jourauy
(92°¢) (L£6) (95°9) (£L0°81) SUONIFUUOI
x4 C0[°0 %% £60°0 %3 [G0°0  xxx£01°0 424498 JoULJU]
(6£°S) (8S°TT) (66°01) (€¢'8) (LEL)
w2xxE€V 0 #0680 #%x€6£0  #xxE8E0 #4%96€°0 IdO
0¥ (88°2) (6977) (90°0) (€9°1)
%5200 #6700 xxLS0°0 xCC00 c00 opelL,
(9¢0) (6T°¢) (96'7) (Z8°¢) (Z8°¢)
%CV0°0 L0170 #x0C1°0  %xxVL90°0  %%%96L0°0 1ad
9) (S) (2, (€) () (1)

d
1. ‘uonyenba uoIssaA3a1 urpasegg ENG STHoUoYq

Thammasat Review of Economic and Social Policy
Volume 4, Number 2, July - December 2018

([opow ) YIMOI3 JIUOU0I? U0 $sa1301d [Bo130[0Uyd9) JO 10edWI JO UOnBWNSH "ZI[qRL

96



"$9IBWINSI S JOYINY :90IN0S
T:0>d 4 pue 60'0>d 44 ‘10°0>d 45 PUR SOsOIUAIR UT SO1)STILIS-] (910N

Thammasat Review of Economic and Social Policy

Volume 4, Number 2, July - December 2018

[ LS LS (45 L ¢eL SUONBAIISqQO
2xxSE VL wxx€1'LC  %xx9C°6V  %xxCO69LT  xxx81 V61 s ECOTE [9pOW PaNL]
06€0°0 088¢€0 124 %0) L0 €L99°0 PECL0 arenbs 11snlpy
SO X SO X SO X SO X SO X SOX Auwunp [euondas — ssoi))
SO X SO X SO X SO X SO X SOX Awwunp o,
(69°11) (9¢°€T) (11°02) (SL'€D) (ST'¥2) (€1°16€)
xxx0I8 YV  #xxVL9C  %xxCO68V  xxx8EO6V wxxxLE0°C  %xx09L°9 juejsuoy)
(L¥'S)
«x%808°0 IewuekA X Jodwo)
(I18°1-) (86'%)
760°0- x5xx819°0 oe] X ndwo)
(SO'1)
vL1°0 rIpoque)) X J9ndwo))
(SI°'1-) (#£°6-) (L6°1-)
9¢00- xxx90L°0-  66200- d2induio))
9) (S) (2] (€) () (1)

A ‘uonenbd uoIssaa3da uIpPsey

ndino dSrwouody

(panunuoD) “z dqeL,

97



Fe1)

va.O H@Eﬂmhz X Jourauy
(90°L-) (1
+%x750°0" G€00 OB X JouIdjuy
(850 (10°9)
+x720°0 %%L60°0 eIpOqUIE)) X JOUIU]
(18°2) (28°2) (S1°2) (19°S) SUO1JII2UUOD
#xx7S0°0 xx 7200 %010 wxxx201°0 424498 JoOULIJU]
(#8°¢) (890 (0¥°0) (0L0)
xx%79€°0 +%18€°0 160°0 9210 IdD
(80°L) (LO'D) (1S°0°) (19'0°)
+%%7C0°0 %5900 S10°0- 610°0- opel],
(98°%) (€0°¢) (F1°0) 0¥°0)
+x%€70°0 +x0C1°0 LO00 120°0 Iad
(9) (<) y) (€) (2) (1)

d
T ‘uonpenba uoIssaagaa aurpaseyq Indjno S1ouody

Thammasat Review of Economic and Social Policy
Volume 4, Number 2, July - December 2018

(SIOLId pIepue)s
ISNQOI PIM [dpowt ) YIMOIS JIOU0II U0 $sa1301d [eo130[0Uyd9) JO 10edWI JOo UONEWNSH "¢ qRL

98



Thammasat Review of Economic and Social Policy

Volume 4, Number 2, July - December 2018

1:0>d & pue SO'0>d 4y ‘T0'0>d 4 PUR SISAYIUAIRA UT SINISTIRIS-) ISNQOY QION

'S9IBUWINSI S I0YINY 22IN0S

IS LS a9 CL L cL SUONBAIISqO
76960 88980 GLOTO 61180 LISLO 7€CL0 arenbs 1)snlpy
SoA SoA SO SO SoA SO %EES@
[RUOI103S — SSOL)
SO SO SO SO SO S Awrunp awr g,
(L801) (86'9) (10°LE) (20'9) (LT°L) (17°'88)
#x3x0VS°C w3 CCL°S w30V V L 5% 8EV9 #4909 %xx£9L°9 jue)suo))
(8¢°C) (0¥°0-)
x600°0" 910°0- oe] x Jndwo)
(19°1¢€-) (65°9-)
#xx9V 10" %%x0CC 0" rIpoquie)) X 19ndwo))
(£9°t-) (8€°1-) (8€°+-)
%5010~ 650°0- xxx [LC°0" Lamduto))
9) (S) ) (€) () (1)

T ‘uonenbd uoIssaA3da duIpPsey

ndino druouody

(panunuoD) "¢ Qe

99



(S8°C¢-) WRUWIATA X JOUINU]

#xx6G0°0-

th.owv 1 .h-.v JEWURATA X JOUIIU]
x6£90°0- %x0050°0-

(18°9-) (26'9-)

OB X 19WINU

*1€1°0" %x0090°0- 3 I

(659) (#2°8) (65°7) (#S°S) SUOJIIUUOD
xC0[ 0 xx/C60°0 S0S00 x/0[°0 A4S JOULIJUT

(6°¢) (6L7) (LLE) (0S°¢) o

€er o 0S¢0 *£8¢°0 x96¢°0

(SL mw (71 mV (S6 E (€S N.v opeiL
%LYC00 ¢6170°0 +¥7CC00 S610°0

(89'8) (¢80 (#8°6) (1S9) 1
*1CV0°0 LOT0 +x7L90°0 *%x96L0°0

9) (9] (2] (€) (0 (1

d
Jseq 74 uonenbd uoIssaI3dx duIpsey INEIMO SIIOUOIH

Thammasat Review of Economic and Social Policy
Volume 4, Number 2, July - December 2018

(SI0119 paepue)s
1SNQOI YIIM [9powl ) YIMOI3 JruIouodd uo $sa1301d [ed13o[ouydd) Jo joeduwir jo uonewnsy ‘4 d[qel,

100



Thammasat Review of Economic and Social Policy

Volume 4, Number 2, July - December 2018

‘SajewlI}so S Joymny .921no§

1:0>d & pue S0'0>d 4y ‘T0'0>d 44 PUR SISAYIUAIRA UI SINSTILIS-) ISNQOY QION

IS LS 9 CL CL eL SUONBAIISqQO
06¢€0°0 088¢0 GLOT O L0 €L99°0 PeCL0 arenbs 11snlpy
o) o) ) ) o) ) Awwmp
A A A A A A [BUOIIDAS — SSOI)
SOX SO X SO X SO X SOX =) § Awwunp auur g,
Qh.w.v Amﬁ.w.v Amm.mmw Qv.:.v (1 C Amm.wmmv JURISUO)
%618V *VL9°C xxx OV L *x83C6' 1 #xL20°C %xx09L°9
(87'%)
JewueAIN X 19)nduio
«808°0 N )
(SL'T-) (18°8)
oeT X 1onduwo
¢e60°0- «819°0 1 k )
(S0°S)
rIpOqUIR) X 19)nduro
«VL10 POGIEED ! )
(28°1-) (£°6-) (LI'F) 1omdior)
r9S0°0- %90, 0~ 2L20-
9) (S) (2] (€) () (1)

aseq 4 uonenba uoissaa3da uipsey

ndjno dSruouody

(panunuo)) “ 9[qe L,

101



(€9°6-)

w53:5S0°0- WEWIIA X 19UINU]
(8¢°¢-) (S¢¥-)
#7900 #%%50°0" Tewue A\ X JouTo)u]
(L¥'S-) (¢8¥-)
s [€1°0 #:5x90°0" O®7] X JouIau]
(92°S) (£L£6) (96°9) (L0°8I) SUoI2UU0I
wxxxC0[ 0 236000  #xx[S00  xxx£0[°0 424428 JoUuL2]Uuf
(6£°S) (8S°TT) (66°01) (€¢'8) (LEL)
#xxEEV 0 #4x05€°0 x5 £6£°0 #x%£8€°0 #x%96€°0 IdO
) (88°2) (6977) (90°2) (€9°1)
x$C0°0 xx670°0 xxLS0°0 xCC00 c00 opelL
(9¢0) (6C°¢) (96'7) (T8°¢) (T8°¢)
xCV00 #xL01°0 xx0C1°0 wx5x7L90°0  #%x96L0°0 1dd
9) (S) (2, (€) (7) (1)

S 194 ‘uonenbd uorssaadaa surpseyq

ndino druouody

Thammasat Review of Economic and Social Policy
Volume 4, Number 2, July - December 2018

(Topow SO YIMOI3 JIOUOII U0 $S1301d [eII30[0UYD) JO 310eduil JO UOTIBWNSH G J[qRL

102



Thammasat Review of Economic and Social Policy

Volume 4, Number 2, July - December 2018

"S9IBWINSI S JOYINY :90IN0S
1:0>d 5 pue S0'0>d 5 ‘T0'0>d 45 PUB SASAYIUAIRA UL SOTISTIRIS-) (QJON

IS LS 79 L L €L SUONBAIISQQ
6¢£0°0 88¢0 125450 Lo €L99°0 7ECL0 arenbs 131snlpy
SOX SO X SOX SO X SOX SO X Ammmp
[BUOND3S — SSOID)
SO X SO X SOX SOX SOX SO X Awwunp au g,
(69°11) (9¢°¢0) (11°02) (SL'€D) (ST¥2) (E1'T6¢)
xxx0[8'F xx4%VLYC  #xxC68V  %xx8E06 YV  #xxL€0'S  %xx(09L°9 ULI9) JUBISUO))
LY'S-
x#x808°0 TewueAJN X Jondwo))
(1S°1-) 86"V~
¥60°0- *x%%819°0 oe] X Joindwo)
(S0'1)
VL0 eIpoquie)) x JIndwo))
(SI°1-) (L°S-) (L6'T-)
960°0- xx%x90L 0~ 66200 d2induwio?)
9) (S) (2] (€) () (D

ndino dSrwouody

ST19HJ ‘uonyenbd uoissaadaa durppseyq

(panunuoDd) °g dqeL,

103



Thammasat Review of Economic and Social Policy
Volume 4, Number 2, July - December 2018

References

Adak, M. (2015). Technological Progress, Innovation and
Economic Growth; the Case of Turkey. Procedia -
Social and Behavioral Sciences, 195, 776-782.
https://doi.org/10.1016/j.sbspro.2015.06.478

Alani, J. (2012). Effects of Technological Progress and
Productivity on Economic Growth in Uganda. Procedia

Economics and Finance, 1, 14-23.
https://doi.org/10.1016/S2212-5671(12)00004-4

Baltagi, B. (2008). Econometric analysis of panel data. John
Wiley & Sons.

Caliskan, H. K. (2015). Technological change and economic
growth. Procedia-Social and Behavioral Sciences, 195,

649-654.

Das, A., Khan, S., & Chowdhury, M. (2016). Effects of ICT
Development on Economic Growth in Emerging Asian
Countries. In B. Dey, K. Sorour, & R. Filieri (Eds.),
ICTs in Developing Countries: Research, Practices and
Policy Implications (pp. 141-159). London: Palgrave
Macmillan UK.
https://doi.org/10.1057/9781137469502_9

Kemp, S. (2017). Digital in Southeast Asia in 2017. We Are
Social. Retrieved from https://wearesocial.com/special-
reports/digital-southeast-asia-2017

Edquist, H., & Henrekson, M. (2006). Technological
Breakthroughs and Productivity Growth. SSE/EFI
Working Paper Series in Economics and Finance No.
0562. Stockholm School of Economics. Retrieved from
https://ideas.repec.org/p/hhs/hastef/0562.html

104



Thammasat Review of Economic and Social Policy
Volume 4, Number 2, July - December 2018

Estrada, G. (2010). Financial Development and Economic
Growth in Developing Asia. Asian Development Bank.
Retrieved from
https://www.adb.org/publications/financial-
development-and-economic-growth-developing-asia

Falk, M., & Biagi, F. (2015). Empirical studies on the
impacts of ICT usage in Europe. Institute for
Prospective Technological Studies Digital Economy
Working Paper, 14.

Farhadi, M., Ismail, R., & Fooladi, M. (2012). Information
and communication technology use and economic
growth. PloS One, 7(11), e48903.

Gottfries, N. (2013). Macroeconomics (1* ed.). Basingstoke:
Palgrave Macmillan.

Greene, W.H. (2012). Econometric Analysis. Pearson
Education Limited.

Hagsten, E. (2016). Broadband connected employees and
labour productivity: a comparative analysis of 14
European countries based on distributed Microdata
access. Economics of Innovation and New Technology,

25(6), 613-629.

Hanclova, J., Doucek, P., Fischer, J., & Vltavska, K. (2015).
Does ICT capital affect economic growth in the EU-15

and EU-12 countries? Journal of Business Economics
and Management, 16(2), 387-406.

Hausman, J. (1978). Specification Tests in Econometrics.
Econometrica, 46(6), 1251-1271.

Hsiao, C. (2014). Analysis of panel data. Cambridge
University Press.

105



Thammasat Review of Economic and Social Policy
Volume 4, Number 2, July - December 2018

Imbens, G. W., & Wooldridge, J. M. (2009). Recent
developments in the econometrics of program
evaluation. Journal of Economic Literature, 47(1), 5—

86.

International Telecommunication Union (2014). Measuring
the Information Society Report. Geneva: International
Telecommunications Union.

Kuppusamy, M., Raman, M., & Lee, G. (2009). Whose ICT
investment matters to economic growth: private or
public? The Malaysian perspective. The Electronic

Journal of Information Systems in Developing
Countries, 37(1), 1-19.

Liljevern, J., & Karlsson, E. (2017). ICT Investment and the
Effect on Economic Growth: A Comparative Study
across Four Income Groups. Student Thesis. Jonkoping
University.

Manning, W. G. (1998). The logged dependent variable,
heteroscedasticity, and the retransformation problem.
Journal of Health Economics, 17(3), 283-295.

Mefteh, H. & Benhassen, L. (2015). Impact of Information
Technology and Communication on Economic Growth.

International Journal of Economics, Finance and
Management, 4(2), 90-98.

Niebel, T. (2014). ICT and Economic Growth-Comparing
Developing, Emerging and Developed Countries.
IARIW 33 General Conference. Rotterdam, the
Netherlands.

Romer, P. M. (1990). Endogenous Technological Change.
Journal of Political Economy, October.

106



Thammasat Review of Economic and Social Policy
Volume 4, Number 2, July - December 2018

Saidi, K., Hassen, L. B., & Hammami, M. S. (2015).
Econometric analysis of the relationship between ICT

and economic growth in Tunisia. Journal of the
Knowledge Economy, 6(4), 1191-1206.

Samimi, A. J., Ledary, R. B., & Samimi, M. H. J. (2015).
ICT & Economic Growth: A Comparison Between

Developed & Developing Countries. International
Journal of Life Science and Engineering, 1(1), 26-32.

Sassi, S., & Goaied, M. (2013). Financial development, ICT
diffusion and economic growth: Lessons from MENA
region. Telecommunications Policy, 37(4-5), 252-261.

Shahiduzzaman, M., & Alam, K. (2014). The long-run
impact of Information and Communication Technology

on economic output: The case of Australia.
Telecommunications Policy, 38(7), 623—633.

Sledzik, K. (2013). Schumpeter’s view on innovation and
entrepreneurship. Management Trends in Theory and
Practice. University of Zilina & Institute of
Management.

Solow, R. M. (1956). A contribution to the theory of
economic growth. The Quarterly Journal of
Economics, 70(1), 65-94.

Schwab, K. (2016). The Fourth Industrial Revolution: what it
means and how to respond. World Economic Forum.
Retrieved from
https://www.weforum.org/agenda/2016/01/the-fourth-
industrial-revolution-what-it-means-and-how-to-
respond/

107



Thammasat Review of Economic and Social Policy
Volume 4, Number 2, July - December 2018

Schumpeter, J. A. (1983). The Theory of Economic
Development: An Inquiry into Profits, Capital, Credit,
Interest, and the Business Cycle. Cambridge, Mass:
Harvard University Press.

Vu, K. (2005). Measuring the Impact of ICT Investments on
Economic Growth. Journal of Economic Growth.

Waverman, L., Meschi, M., & Fuss, M. (2005). The impact
of telecoms on economic growth in developing

countries. The Vodafone Policy Paper Series, 2(03),
10-24.

108



Thammasat Review of Economic and Social Policy

Volume 4, Number 2, July - December 2018

Appendix

Uuone[NO[ed S JOYINY :92IN0S

0000 0000 0000 0000 a9 Aurun g wewdrA x 1omdwo)
SOV 000°0 €IL'1 Y611 29 Awun( rewue A X 1enduwo)
96S'¥ 0000 86L'1 €IT1 29 Awn oe x 1endwo)
Sy8'e 000°0 9¢°1 7901 a9 Auun( erpoquie) x ryndwo)
c96'¢ ¢16°8- V161 €920 eL Awrum(g WewarA X 1ouIou]
80°€  P6L'S- 098'1 7610 €L Awn rewrueA A X JouIoIU]
106°C 09 - L8O'1 0100 €L Awungg o X Jouru]
Y6'C 445 OLT'l L1T0- cL Awrn(g erpoquie)) X jourau]
ISIMLIYJO () pup poriad pautuiidiap 10f [ ‘Sa]qviiva pasvq Kuuncy
800°¢ L'l L0 80 88 (9 Tenuue) sad11d JOWNSUOD ‘UOTIBIJU] IdO

) ) ) ) SQOIAIAS pue spoo3 jo suodwr pue suodxa
61CS L8L1- ¢90°¢ ceL’e €8 JO WNS 9 SI APLIL (D JO %) APeIL 9pelL
€66T  PLET- 9990 SIFL 6L 0 u oo on uounsonur 10aip &Mmmm 1a:
§2]gDLIDA J04JUO))

(dog ‘suroduwur 901AIaS JO 9)
965V ¥€S°1 GL9°0 I1LY'€ 79 *019 “1oIndwod ‘suonedrunuwio)) pue (syroduwr Indwo)

Spo03 10} 9) suodwr spoos D] JO AIeys

. . . . (uonerndod
c96'¢ C16°8- 14482 801°0- €L 10 95) 1PUIAU] o) SUISN S[ENPIAIPU] jourau]
§2]qvLivA $$24304d [DI130jOUYI ]
S21quLiva L1ojpuv)dxsy

($SN 010 tueIsuoo) eyded 1od 4o
6LYL 90S°S L8Y°0 $¥9'9 88 ‘uonendod reakprur £q papIaTp 0dddn

1onpoad onsowop sso13 st eyded 1od Jgo
2]1qVLIDA paulp]dxs]

XBN UIN as UBIA Sq0 9[qeLIEA

(910Z — 0661) J[Ued PHOM U TAM WOIJ 301os pue uondLosap ejeq o] J[qeL,

109



