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Abstract

Digital transformation spreads across borders, globalization develops or transforms the
economics growth of a nation. Information and communication technology (ICT) fosters the
economy; however, it might trigger the income inequality of a country. On this note, income
inequality in ASEAN country is relatively higher than other countries. The aim of this study is
to examine the relationship between ICT and income inequality in ASEAN-5 countries over
the study period of 2009 to 2017. Employing panel data estimation method, the results show
volume of internet users is found to have the strongest effect on income inequality among
the ICT indicators. The findings suggest countries to focus on the innovation of ICT especially
on the internet users, mobile cellular subscription and fixed telephone subscription to achieve
economic growth and hence reduce income inequality. Investments in ICT infrastructure
promote ICT technology cooperation as well as the expansion of ICT especially on the network
access to confront with the income inequality.

Keywords: Information and Communication Technology, Economic Growth, Income
Inequality, ASEAN-5

Introduction

Information and Communication Technology (ICT) acts as a backbone of technology growth
and development of a nation. ICT is an important pillar for a country to gain the competitive
advantage on the development of a country (Seki, 2008). ICT is useful to enable a firm to
increase the productivity and profit and it facilitates the increase of the individual and
household income (Spiezia, 2012). However, ICT growth may mitigate income inequality due
to the contribution of ICT to economic growth offers many approaches to combat poverty
(Roller & Waverman, 2001).

Income inequality refers to the uneven distribution of income in a population.
Decrease in income inequality will contribute to the economic growth according to
Organization for Economic Cooperation and Development. This is because in societies with
high income inequality many may suffer from high poverty, high crime rates, poor public
health and low education level (Birdsong, 2015). This will harm the economic growth of a
country. Thus, income inequality is an important issue to overcome to boost the economic
growth in the country.
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Digital transformation growth should be understood as two simultaneous processes
which involve technology evolution ahead to diffusion. For example, the innovation of
telecommunication networks, computer technologies, software engineering and its spillover
effects on network based used (Qiang, Rossotto & Kimura, 2009). ICT fosters the economic
growth in the country (Czernich et al. 2011). In a traditional trade, the setting of the
production and consumption are separated across international borders. The efficient usage
of the high-tech input devices will increase the supply and demand in the market.

ICT is important to enhance the growth in a country and it has been focus in various
policies of ICT innovation. The importance of ICT-focus has been attributed to several
converging factors such as the development of the use of the Internet as a means by which
information is disseminated and through which communication and connectivity is enabled.
The capability of the workers due to changes in new technology as well as the effect of ICT
innovation on income inequality will greatly influence the growth in the country. ICT fosters
the economic growth. As a result, poverty rate will decline in the country.

ASEAN with its strong and vibrant economy, ICT innovation, ongoing economic
integration and demographics strategically located laid its foundation to become global
leader in economy. Innovation of ICT in the economy has received much attention from the
government of ASEAN countries, businesses and regional bodies. Embracement of ICT in
ASEAN significantly increased since year 2015 till now. According to Kearney and Axiata
(2016), targeting on the economic growth especially on GDP is the forefront goals of ASEAN
countries.

Countries that are blessed with the success of ICT innovation will eventually boost its
economic performance. ASEAN economy contributed $150 billion in revenue in year 2015
with the connectivity and online services as the biggest components accounted 35% to 40%
of overall revenue (Kearney and Axiata, 2016). ASEAN-5 digital population with its total
number of populations, Internet users, social media users, mobile users and mobile social
media users connection as shown in Table 1 below.
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Table 1: ASEAN-5 Digital Population 2018 (million)

Country Population Internet Users Social Mobile Users Mobile
Media Users social Users
Singapore 5.75 4.83 4.8 4.71 4.3
Thailand 69.11 57 51 55.56 46
Indonesia 265.4 132.7 130 177.9 120
Malaysia 31.83 25.08 24 21.62 22
Philippines 105.7 67 67 61 62

Source: Southeast Asia Digital, Social and Mobile (2018)

Table 1 shows internet users depict the highest in Indonesia as its population is on the
top of ASEAN with the digital users in Singapore is the lowest. In macroeconomic, the
expansion of ICT to the economy trends held the potential of new sources of productivity
opportunities. The expansion of ICT has a promising potential to generate foreign exchange
earnings as well as job opportunities.

Particularly, Singapore embarked on its modernization program in the late 1960s and
1970s mainly on its manufacturing industry. In 1960s, Singapore put in the effort to develop
human capital under the Ministry of Trade and Industry. It provides the base foundation for
Singapore to expand its economy in year 2012 onwards. In the context of ICT innovation in
ASEAN, Singapore is the headway in realizing the e-commerce expansion in the economy. For
example, Singapore’s Olam International promoted smart farming through new technology
while technology presence of ride-sharing services through a mobile application like Uber,
Grab and GO Jek. Thailand open door policy focuses on its economic policy on trade and
services sectors in ASEAN via ASEAN Framework Agreement on Services (AFAS) during the 5t
ASEAN Summit in Bangkok in year 1995. According to Koedrabreun and Raviwongse (2002),
50% of their samples showed that Internet users are very interested in using online
transactions facilities. Indonesia had a slow growth in ICT in the past decades. The legal
infrastructure of e-commerce in Indonesia is based on its Electronic Information and
Transaction Act 2008. Indonesia has made significant progress in ICT. There was an increasing
trend where Internet penetration in Indonesia had increasing throughout the years. Next, in
Malaysia, Joint Advanced Integrated Networking (JARING) was connected to the Internet in
year 1992 followed by TMNET in Malaysia in year 1996 (Adeline, Ali & Hishamuddin, 2006).

Additionally, Multimedia Super Corridor Malaysia (MSC Malaysia) was launched under the
tenure of the fourth Prime Minister, Tun Dr Mahathir Mohammad to facilitate the evolution
of knowledge-based nation in Malaysia. During Malaysia Plan (2006-2010), cyber network
expanded while the sector continued its growth during the 10" Malaysia Plan (2011-2015).
ICT successfully contribute to economic growth in Malaysia under the 11" Malaysia Plan.
Besides, Philippines enjoy the fastest ICT growing trend and was once branded as the fastest
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growing Internet population country. Before year 1928, telecommunication in Philippines was
limited. By then, an American-owned Philippine Long Distance Telephone Company (PLDT)
was established and bought by Ramon Cojuangco, a local Philippines man. First cellular
telephone network was introduced in year 1993 under the Department of Science and
Technology and Industrial Research Foundation in a project called Philnet Project (PHNET).
First Internet connection in Philippines enabled Internet services such as email. E-commerce
in Philippines played a tremendous potential in growth. The adaptation of online shopping
trends with the rising of Internet users projected to reach USD-million in year 2018.
Philippines is expected to become the fastest growing economy among ASEAN-5 in 2018 as
stated by First Metro president Rabboni Francis Arjonillo (Rapper, 2018).

There is hesitation arises from the relationship between ICT and income inequality.
ICT development plays a significant role to create more job opportunity and increase the
economic growth of a country and act as a major contributor to poverty alleviation. Previous
research claimed that ICT affects the income inequality too. Therefore, the general objective
of this study is to examine the relationship between Information and Communication
Technology (ICT) and income inequality in ASEAN-5 countries. There is limited research done
based on income inequality especially in ASEAN countries. Most of the existing literatures
based on intensive country studies and make it difficult to draw a comparative conclusion as
the result is mixed. ICT has received comparatively little attention in the current globalization
wave. As far as this study is concerned, existing studies focusing on income inequality in
ASEAN countries appear to be limited. Past studies such as Richmond and Triplett (2016)
examined the relationship between ICT and income inequality of 107 foreign countries while
Yilmaz et. al (2018) investigated the impact of ICT penetration on poverty which involved 182
foreign countries. This represents an important gap in considering the relationship between
ICT and income inequality in ASEAN countries. On this note, this study aims to investigate the
nexus between various ICT services and income inequality of ASEAN countries. This study
serves as a beneficial reference for the researchers and academician to explore an effective
way to improve the contribution of different ICT services. Hence, this study can be a useful
reference tool for policy makers, academician and government in the decision making. Next
section offers the theoretical motivation with the empirical evidence on the issue of ICT and
income inequality follows by the data and methodology sections. Empirical results will be
presented in the subsequent section and lastly about the conclusion and future research
direction of the study.

Literature Review
Kuznets hypothesized that market force first increased when the economy grows and hence
affected on income inequality in his theory. In early development, investment opportunities
are considerably high for those who have extra investment capabilities and they will increase
their wealth even more. As for those people who are working from the rural area, they might
be held down wages widening the income gap (Moffatt, 2019). Kuznets found that in
underdeveloped countries and most of the developed countries, income distributed within
traditional sector is less than income in the modern sector (Ganaie & Kamaiah, 2015). Human
capital accrual of the incurred cost takes place of the accrual of human capital as the main
source of growth in a mature economy. An inequality usually slows down the economic
growth as the education levels lower especially for the poorer people. Kuznets (1955) found
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that the income inequalities are higher in developing country compared to those in developed
country. He believed inequality would follow an inverted U-shape that it rises before then
falls with the increase of income per capita.

In the viewpoint of endogenous theory, the technological progress is being described
as an endogenous variable where it is based on constant return to scale for capital.
Technological development in this model is considered as a public good that government can
cause affect to the growth rates (Ugur, 2016). The Schumpeter model explained the process
of production, dynamic analysis of the economy, trends of growth and the demise of
capitalism. It is all about the growth generated by innovations, innovations result from
entrepreneurial investment and the replacement of new technology. Schumpeter said the
entrepreneur is one of the new production factors depend on technical and technological
economy condition for example like ICT innovation where it possess the cyclical fluctuation in
market. Economy will expand in the market. Sometimes, growth can be described as with a
create destruction when inequality problems exist.

The spread of ICT may increase or decrease income inequality within a country.
Parham (2004) described ICT-driven growth in his study based on the adoption of ICT. The
contribution of ICT to economic growth offers many approaches to combat poverty and hence
positively affecting both social and human capital through economic development (Roller &
Waverman, 2001). ICT is useful to enable a firm to increase the productivity and profit and it
facilitates the increase the individual and household income (Spiezia, 2012). The positive
network effect is considered important from ICT (Bansler & Havn, 2002) that the technological
change exemplified by ICT enhances the competition in the market. Technological change
might disrupt the original market wealth concentration (Latzer, 2009). According to Tong and
Dall’erba (2008), there is a positive result between ICT and income inequality in China. During
the rapid growth of developing in the country at study year range, ICT’s industry in China is
facing challenges. One major concern will be the uneven distributed of ICT growth especially
based on the number of Internet users and such disparities rise up the inequalities in income
and opportunities especially in a developing country. Similar studies done showed ICT is
positively correlated with wage inequality. (lacovone & Pereira-Lopez, 2018). Both high-
skilled worker and low-skills workers receive higher wages in more ICT-progressive industries
than non-ICT-progressive industry causing more income inequality problems. Thus, ICT might
positively relate to income inequality. The results are mixed.

Data and Methodology

The data sets for the dependent variable, independent variables and control variables are
obtained from the World Bank Group and Telecommunication Union. This study exploits the
secondary panel data of the ASEAN-5 namely Singapore, Thailand, Indonesia, Malaysia and
Philippines over a period of 2003-2017.

To capture the effect of ICT towards income inequality, Richmond and Triplett (2016)
examined the relationship between ICT and income inequality from a cross-national
perspective which involved 107 countries. This study complements the reviews the
relationship of the explanatory variables such as volume of Internet users (X1) in million,
mobile cellular telephone subscription (X2) in million, fixed broadband subscription (X3) in
million and fixed telephone subscription (Xs) in million with ASEAN-5 income inequality as the
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dependent variable represents by Gini Coefficient (Richmond & Triplett, 2016). In order to
clearly identify the relationship between independent variables and dependent variable,
control variables being included such as the demographic factors, crude birth rate per 1000
people, total population aged 65 and above measured in percentage of total and the
percentage of urbanization rate. Richmond and Triplett (2016) used these factors as the
control in their study where these variables are expected to be correlated with my outcomes.
The specific relationship it may contaminate the results. Thus, it is important to include
control variables in the model.

Generally, there are three ways to estimate a model based on the assumption made. Firstly,
Pooled Ordinary Least Squares (POLS) assumes the intercept as constant over airline (Gujarati
& Porter, 2009). Fixed Effect Model (FE) and Random Effect Model (RE) are one of the ways
though. Panel data models examine the individual-specific effects, time effects to deal with
heterogeneity or individual effect either fixed or random effect. Hausman test is used to test
the endogeneity in the explanatory variables to test whether fixed or random effect model is
appropriate (Sheytanova, 2014). Hausman statistic is computed as:

W=(B.=B.)E,~%,)B.~B.) o

where and are estimated covariance matrix for FE and RE models respectively. It is a test for
the independence of pi. It means FE and RE are both consistent, but somehow FE is inefficient.
On the contrary, if there is correlation, FE is consistent and RE is inconsistent. If W is
insignificant, RE estimator model is relevant when null hypothesis is accepted. It means
Hausman statistic is bigger than its critical value. If null hypothesis is rejected, a FE model is
favorable.

Fixed effect (FE) model is a statistical model to control the omitted bias when there is
an unobserved individual-specific factor found to be correlated with the dependent variable.
Advantage of FE model is that it can deal with unobserved heterogeneity. FE model for k
factors can be expressed in following way:

Vi, = + BI'TI,:'J + .+ B.!.-'Tfr,:'.r + &, 2)

where no overall intercept included in the model in which aiis unique and unknown intercept
for each individual unlike constant term (Bo) in Model (1.2) while the slopes (B parameters)
are same for all individuals with the assumptions that are valid for FE model (Sheytanova,
2014). FE models always gives consistent results for estimate but it is inefficient compare to
RE model estimates. Specification of model as below:

YI, = B, + B, Voru - B MCT,, + B FB,, + B, FT,, +pB,CB,, -+ (3. PA, -+

STE‘IRT-“E.' + 'r':.i.-

L.i¢

(3)
where Yl represents income inequality as the dependent variable. VOIU is the volume of
internet users, MCT represents the mobile-cellular telephone subscription, FB represents
fixed broadband subscription while FT denoted by fixed telephone line subscription. The
controlling variables are CB, crude birth; PA, total population aged 65 and UR, urbanization
rate. After that, the model will be tested through Skewness/Kurtosis normality tests to ensure
variables are normally distributed and diagnostic tests which consist of White test,
Wooldridge test and Variance Inflation Factor (VIF) to ensure the goodness of fits in the
model.
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Results and Discussion
The results are presented in Table 2 below.
Table 2: Results of POLS, RE AND FE Data Analysis

Pooled OLS Random Effect Fixed Effect

Constant 3.8267 3.8267 4.1924
(19.17)*** (19.17)*** (16.9)***

IVOIU 0.0092 0.0092 -0.0002
(1.65) (1.65)* (-0.03)

IMCT -0.0280 -0.0280 0.0527
(-1.35) (-1.35) (1.43)

IFB 0.0114 0.0114 -0.0097
(1.03) (1.03) (-0.64)

IFT -0.3868 -0.3868 -0.0263
(-2.37)** (-2.37)** (-0.92)

ICB 0.0536 0.0536 -0.0669
(0.99) (0.99) (-0.74)

PA -0.0068 -0.0068 -0.0037
(-0.97) (-0.97) (-0.39)

UR -0.0011 -0.0011 -0.0067
(-1.57) (-1.57) (-3.09)***
- 11.63

Hausman test (0.1134)

Breush-Pagan LM test 0.00
(1.0000)

Observations 75 75 75

Note: *, ** and *** indicate the respective 10%, 5% and 1% significance level

The results for POLS model and RE model are quite similar in term of coefficient value.
What differs them is the significance level of the variables. For the POLS model, there is an
independent variable significant at 5% significance level which is fixed telephone line
subscription (IFT). As for RE model, there is an independent variable significant at 10% of
significance level which is the volume of internet users (IVOIU) and fixed telephone line
subscription (IFT) significant at 5% significance level. As for FE model, there is an independent
variable significant at 1% significance level which is the control variable, urbanization rate
(UR). Under Hausman null hypothesis tested, p-value shows 0.1134 which is larger than 0.05.
Ho is not rejected. Random Effect (RE) model is appropriate. Next, under Breush-Pagan LM
null hypothesis tested, p-value shows 1.000 which is larger than 0.05. Hp is not rejected.
Pooled Ordinary Least Square (POLS) model is appropriate. Hence, Pooled Ordinary Least
Square (OLS) is being used as the final model.

The model being tested whether the variables are normally distributed or abnormally
distributed and the results are shown in Table 3. The results show that P- value (Prob. Chi-
Square) is 0.2980 which is more than 5 percent significance level, a = 0.05. Thus, Ho fails to
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reject and it means that the null hypothesis of variables is normally distributed in the model
is being accepted.

Table 3: Skewness/Kurtosis Tests Results

Skewness 0.7352
Kurtosis 0.1360
Prob. Chi-Square 0.2980
Observation 75

The POLS model is written as,
fr”.-r =3.8267+0.0092log V(}IL-’,II.J —0.02791og MCT, , +0.01 14log FB —
0.0387log FT +0.0536logCB, , —0.0068PA4, , —0.0011UR, , +£,

5.

(4)

Bois the intercept of the model, which is 3.8267. Bi is the coefficient of volume of
online users, which is 0.0092. An increase in the volume of internet users of 1%, on average,
leads to the rise in income inequality by 0.0092%. There is a positive relationship between the
volume of online user and income inequality which is different from our negative prediction
before because in a broader Internet ecosystem, quality improvements are very important to
face the challenges to measure the aggregate effects of the Internet at aggregate level
(Corrado & Van Ark, 2016). B2 is the coefficient of mobile-cellular telephone subscription,
which is -0.028. An increase in mobile-cellular telephone subscription of 1%, on average, leads
to a decrease in income inequality by 0.028%. As being one of the ICT measures, the mobile
phone has a significant negative effect on income inequality. The mobile phone is less costly
compared to an earlier time. It is commonly being used widely in the population nowadays.
Thus, the increase in mobile technology users will decrease income inequality (Richmond &
Tripplett, 2016). Bs is the coefficient of fixed broadband subscription, which is 0.0114. An
increase in fixed broadband subscription of 1%, on average, leads to an increase in income
inequality by 0.0114%. Fixed broadband subscriptions are costlier in general to an individual
or onto a network. As one of the ICT measures, fixed broadband has a significant positive
effect on income inequality, which the effect is considered largest among other ICT measures
(Richmond& Triplett, 2016). However, the effect might not appear consistently within the
lowest-income-countries because ICT has yet to reach the sufficient thresholds of access in
order to affect the aggregate income distribution. Ba is the coefficient of fixed telephone line
subscription, which is -0.0388. An increase in fixed telephone line subscription of 1%, on
average, leads to a decrease in income inequality by 0.0388%. One of the examples in India,
telephone line subscription reached the rural area via the introduction of Public Call Offices
(PCOs) to support the poverty-reducing strategies. Besides, the increase in the penetration
rate of fixed telephone raise GDP per capita by 0.45% (Roller & Waverman, 2001) and hence
reduce income inequality.

The relationship between ICT independent variables and income inequality is
explained by Kuznets theory. Generally, the study found that there is negative relationship
between dependent variable income inequality in ASEAN-5 (Yli) with ICT independent
variables; mobile-cellular telephone subscription (IMCT), fixed telephone line subscription
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(IFT) and positive relationship with volume of internet users (IVOIU) and fixed broadband
subscription (IFB). The crude birth rate, total population aged 65 and above and urbanization
rate are being included as control variables in the study. From the results computed, only one
ICT independent variable is significant at 5% of significance level which is fixed telephone line
subscription (IFT).

Table 4: Goodness of Fit Tests Results

Heteroscedasticity 60.26
(White test-chi stat) (0.005)***
Serial Correlation 4.228
(Wooldridge test- F stat) (0.1089)
Multicollinearity 6.57
(mean VIF)

Note: *** indicates 1% significance level

The heteroscedasticity result show that P- value (Prob. Chi-Square) is 0.005 which is lower
than 5 percent significance level, a = 0.05. Thus, Hg is rejected and it means that the null
hypothesis of homoscedasticity in the model rejected where the variances are not constant
in the model. The multicollinearity result show that P- value (Prob. F stat) is 0.1089 which is
higher than 5 percent significance level, a = 0.05. Thus, Ho fail to reject and it means that the
null hypothesis of no serial correlation in the model is being accepted. Based on the
assumption of 10 < VIF < 0.1 where the result shows the mean VIF is 6.57, it means there is
no multicollinearity problems between independent variables. Hence, heteroscedasticity
occurred in the model. So, the model needs to be corrected.
Table 5: Results of Corrected POLS Data Analysis

Pooled OLS

Constant 3.8267
(13.86)***

IVOIU 0.0092
(3.06)***

IMCT -0.0280
(-1.76)*

IFB 0.0114
(1.19)

IFT -0.3868
(-2.21)**

ICB 0.0536
(0.77)

PA -0.0068
(-0.67)

UR -0.0011
(-1.85)*

Note: *, ** and *** indicate the respective 10%, 5% and 1% significance level
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Unlike the POLS model before correction for heteroscedasticity problem, there is only one
independent variable significant at 5% significance level which is fixed telephone line
subscription (IFT). For corrected POLS model, there are two independent variables significant
at 10% significance level which are mobile-cellular telephone subscription (IMCT) and control
variable, urbanization rate (UR). There is an independent variable significant at 5%
significance level which is fixed telephone line subscription (IFT). Besides, there is an
independent variable significant at 1% significance level which is the volume of internet users
(IVOIU). There are more variables significant at 5% and 1% significant level.

Conclusion

This study examines the relationship between ICT and income inequality in ASEAN-5 countries
overt the study period of 2003 - 2017. The results of this study show the relationship between
ICT and income inequality in ASEAN-5 countries is positive; whereby the volume of internet
users in ASEAN-5 countries has significant positive effect on income inequality. On this note,
mobile-cellular telephone subscription (IMCT) and urbanization rate (UR) are found to have
the positive relationship with the economic growth. Fixed telephone line subscription (IFT) is
significant at 5% significance level and volume of internet users (IVOIU) is significant at 1%
significance level. The most significant factor among the ICT independent variables that
influence income inequality is volume of internet users, which is 0.009 with its p-value, 0.003.
Anincrease 1% in volume of internet users, on average, leads to increase in income inequality
by 0.009. The results imply that ICT does affect income inequality in ASEAN-5 countries.
Hence, ICT development should be considered in future policies to combat income inequality
in ASEAN countries

Panel data models examine the individual-specific effects, time effects to deal with
heterogeneity or individual effect either fixed or random effect. Under Hausman and Breush-
Pagan LM null hypothesis tested, Pooled Ordinary Least Square (OLS) being used as the final
model. This study employs panel estimation method. However, the results follow the time
series characteristic. Unbiased and consistent parameters being derived even the time
constant attributes are present from year 2003 to year 2017. It is proven that the model has
a “time series of cross sections” which do not necessarily refer to the same unit and no
universal effects across time. POLS is said to be consistent if the vector of time-variable factors
uncorrelated with the individual effect for examples, unobserved and time-invariant
heterogeneity it will cause serial correlation (Aquaro, 2016). However, there is no serial
correlation in this model as being tested. Hence, the model is valid.

From this research, it can be concluded that ASEAN-5’s outstanding performance in
economic growth can be traced to the policy formation to combat poverty through ICT. There
are few key roadblocks between ASEAN and an advanced economy, these includes weak
business broadband built-out, inhibitive regulations on innovation for mobile financial
services, lack of single digital market and weak local ICT infrastructure system, which pose
negative impact on economic growth of a country and leads to income inequality in the
country.

ICT development especially in network service coverage including investments in ICT
infrastructure, policies in ICT investment, international ICT technology cooperation are
necessary to combat income inequality in ASEAN-5 countries. By focusing on economic
growth through ICT in line with the vision of Interconnected world with International
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Telecommunication Union (ITU), ASEAN countries can aim to achieve global top economies
within the next decade.
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