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Abstract

This study explores causal relationships between fixed broadband penetration, gross capital
accumulation, the degree of urbanisation, and economic growth, using panel data from 9
ASEAN member countries in 2003-2016. Employing multivariate models, we reveal
bidirectional causality between fixed broadband penetration and economic growth, with a
higher magnitude of effect from GDP per capita to broadband penetration. Furthermore, fixed
broadband penetration has bidirectional causality to urbanisation, while a unidirectional link
exists from fixed broadband penetration to gross capital accumulation.
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Information and Communication Technology (ICT) has developed rapidly in recent decades and is
viewed as an engine of development in the fourth industrial development phase. Telecommunication
infrastructure as part of ICT has also evolved and offers better services such as broadband. In 2003,
the International Telecommunication Union (ITU) standard defined broadband as access with a
speed higher than ISDN, around 1.5 or 2.0 Megabits per second (Mbps). The always-on connection
and higher rate of broadband offer more experiences and services, such as video streaming, online
gaming, e-commerce and business solutions like cloud computing and the Internet of Things (loT).

Broadband transforms people's lifestyle through online shopping, distance learning and teleworking.
Broadband also facilitates less developed and emerging countries to expand and compete in the
global economy. In a rural-urban context, broadband has brought equal opportunity in accessing
information, learning and technology dissemination, thereby escalating economic capacity. In
summary, broadband supports higher levels of development.

The important role of broadband in economic growth encourages abundant research at the global,
regional, national, firm or household level. Despite the enthusiasm, limited studies exist for emerging
economies such as those of most countries in the Association of Southeast Asian Nations (ASEAN).
Furthermore, the impact of broadband on the economy needs further study because previous work
mostly measures the impact of pre-broadband technology such as teledensity or dial-up. Moreover,
most of the studies explore the correlation of broadband to economic growth, while causality
between factors is not examined.

Another consideration is the integration spirit of ASEAN. The Southeast Asian region is collectively
the third largest economy in Asia and the seventh largest in the world, with 622 million people and a
US$2.6 trillion market. In 2015, the members established the ASEAN Economic Community (AEC),
envisioning economic integration and shared prosperity. As an economic community, AEC also
aimed to foster connectivity and cooperation. This vision makes studying ASEAN as a single
economic entity plausible.

Therefore, this paper will explore causal relationships between fixed broadband penetration and
economic growth in relation to growth of capital accumulation and urbanisation in ASEAN countries
in the period 2003-2016. Employing a well-known Granger causality test, our multivariate research
presents robust results, since ASEAN consists of countries with different levels of development.
Furthermore, the long time span allows for implementing lags, based on the assumption that
economic factors require time to have an effect on economic growth.

This paper is structured as follows. Section two gives a brief literature review of broadband and its
economic effect, while section three describes broadband development in ASEAN. Section four
describes the data and empirical model, and section five offers econometric analysis and empirical
results. Section six includes discussion of the test results and a conclusion. Throughout this paper,
we use the term "broadband" to mean fixed broadband.

Broadband and the Economy



ICT including broadband plays a substantial role in modern civilisation, especially in the last two
decades. The advancement of telecommunication, specifically Internet access from narrowband to
broadband, brings transformation, not only in terms of speed but also of varied applications and
access quality (Cawley & Preston, 2007 5;; Crandall, Lehr & Litan, 2007 1s); Grubesic, 2004 7; Lau,
Kim & Atkin, 2005 1s)). More sophisticated technology, such as multimedia, music and gaming, and
later artificial intelligence, I0T and cloud services, have marked the vital role of broadband in every
aspect of life.

Broadband access also has a positive impact on the economy, not only in terms of growth but also of
income per capita (Bertschek et al., 2015 [9); Van Gaasbeck, 2008 (i0)). Moreover, broadband
development has brought down the price to more affordable levels, increasing user numbers as well
as broadband externality. The high impact of broadband on the economy positions it to help
emerging economies compete with other countries, including developed ones.

Furthermore, broadband catalyses employment growth Bouras, Diles & Kokkinos, 2013 11; Katz et
al., 2010 ;125; Van Gaasbeck, 2008 (10)) and facilitates new business establishments Kim & Orazem,
2017 1131) such as creative industries and e-commerce. Moreover, broadband also impacts regional
development (Bertschek et al., 2015 jg), encourages innovation (Fanfalone, 2015 114; Ng, Lye & Lim,
2013 1155; Rampersad & Troshani, 2013 (1¢)) and increases business productivity (Czernich et al., 2011
n7; Falch, 2007 11s); Van Gaasbeck, 2008 10)).

In contrast, some studies suggest a weak impact from broadband on the manufacturing sector
(Bertschek et al., 2015 9;; Holt & Jamison, 2009 19; United Nations, 2015 [20) compared to service
industries such as tourism, finance and banking. Broadband is positioned as a general-purpose
technology that benefits the service sectors more because it affects service mobility, which is
challenging for manufacturing industries.

Furthermore, broadband helps human resources development Kolko, 2012 21; LaRose et al., 2014
r21). Broadband enables people to access knowledge and technology, giving the same opportunity to
developed and emerging countries. Broadband also helps students, teachers and managers to
access a broad range of services, content and applications (Tookey, Whalley & Howick, 2006 23)).
Moreover, broadband will decrease learning costs by using e-education, enabling knowledge
dissemination despite distance, especially in rural areas (Falch & Henten, 2010 24)). Better education
will also increase people's capacity for work and finally support growth (Bertschek et al., 2015 9).

On the other hand, some studies Bojnec et al., 2012 25); Grosso, 2006 r2; Lemstra, Voogt & Van
Gorp, 2015 27; OECD, 2002 255, 2008 [2¢) found economic growth has affected broadband penetration.
Broadband subscribers are increasing in line with rising income per capita as broadband becomes
more affordable. In less developed nations, where income per capita is low as a result of low
economic growth and productivity, broadband penetration is low. In these countries, broadband
subscription services are expensive, since broadband infrastructure requires high investment in
comparison to the low economic scale.
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In summary, broadband plays a significant role in facilitating economic growth, increasing human
resources capacity and closing the development gap between developing and developed countries.

ASEAN and Broadband Development
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The formation of ASEAN in Bangkok, Thailand, on 8 August 1967, was marked by the Bangkok
Declaration, known as the ASEAN Declaration (Asean.org, 2017 s0). ASEAN was established as a
community for economic cooperation and social and cultural development to build a prosperous and
peaceful population in Southeast Asia, with mutual respect and equality between members.
Furthermore, at the 9th ASEAN Summit in 2007, all members committed to the establishment of the
ASEAN community by 2015 (Asean.org, 2017 z01). The community has three pillars: ASEAN Political-
Security Community; ASEAN Economic Community; and ASEAN Socio-Cultural Community. The
three components are an implementation of ASEAN Vision 2020 to build and manage Southeast
Asia as outward looking, living in peace, stability and prosperity, and promoting development through
partnership between nations.

The ASEAN initiative for ICT development was marked by the signing of an e-ASEAN framework
agreement at the ASEAN Informal Summit in Singapore in November 2000. The agreement focused
on six primary actions: establishment of ASEAN information infrastructure; growth of electronic
commerce; liberalisation of trade in ICT products and services and of investments; facilitation of
trade in ICT products and services; capacity building and e-society; and e-government. Following the
e-ASEAN agreement, in 2001, the first ASEAN Telecommunications Ministers Meeting (TELMIN)
was held at Kuala Lumpur, Malaysia. At that event, ASEAN members realised the importance of ICT
infrastructure and agreed to reduce the digital divide between member countries and develop an
ASEAN information infrastructure. The e-ASEAN Integration Roadmap (2004-2010) became part of
the ASEAN Framework Agreement for the Integration of Priority Sectors, and ICT was identified as
one of 11 key sectors (International Development Research Centre, 2008 31).

After a series of meetings, ASEAN formulated the ASEAN ICT Masterplan 2015 (AIM2015) in 2011
at the 10th TELMIN in Kuala Lumpur. The AIM2015 aims to establish ICT as an engine of growth for
ASEAN Member States; achieve recognition for ASEAN as a global ICT hub; enhance the quality of
life for the people of ASEAN; and contribute towards ASEAN integration. The outcome will be
achieved by implementing six pillars: economic transformation; people empowerment and
engagement; innovation; infrastructure development; human capital development; and bridging the
digital divide (Asean.org, 2011 321). To address the ICT sector dynamics, in November 2015, ASEAN
members agreed to expand AIM2015 into the ASEAN ICT Masterplan 2020 (AIM2020), which added
several points: ICT in the single market, new media and content and information security and
assurance (Asean.org, 2016 s3)).

The ASEAN members agreed on infrastructure availability, especially broadband, to support ICT
development. In the Bali Declaration 2008, members agreed to forge a partnership to develop high-
speed connections to close the digital divide (Asean.org, 2008 34) and later to implement broadband
across ASEAN (Asean.org, 2009 p3)).

Broadband development in the ASEAN region varies between countries because their development
stages are also different. Different states of broadband are affected mostly by lack of affordable
services and inaccessibility to broadband infrastructure (Ruddy & Ozdemir, 2013 z6)). For some
countries, the unweighted average price of a 1 Mbps annual subscription reaches approximately 30%
of GDP per capita, while the lowest price is 0.1% GDP per capita in Singapore, compared to 132.8%
of GDP per capita in Myanmar (see Figure 1 for details).

[37]

Figure 1. Annual fixed broadband subscription price and GDP per capita in ASEAN member
countries in 2012. Data retrieved from Ruddy & Ozdemir (2013 ).
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Moreover, broadband coverage in the ASEAN region is concentrated in city centres since economic
scale matters. Geographical obstacles also exist because some ASEAN member countries have
extreme land conditions that hinder infrastructure deployment and diminish people's opportunities to
access broadband services (see Figure 2). In addition to the backbone, limited last-mile coverage
also hinders broadband development because reaching subscribers' premises is difficult. Some
member countries tackle this challenge by employing DSL as a transitional technology (Ruddy &
Ozdemir, 2013 136)) to lower deployment cost amid a low number of fixed phone subscribers.

[38]

Figure 2. Fibre optic backbone map in Southeast Asia region. Reprinted from ITU interactive
terrestrial transmission/ESCAP Asia-Pacific information superhighway maps by ITU, 19 November
2017, retrieved from http://www.itu.int/itu-d/tnd-map-public/ [s9 . Ao Copyright 2017 by ITU.

Data and Empirical Model

Data

This study utilized data of ASEAN member countries between 2003 and 2016 from the World Bank
Development Index (WDI). ASEAN consists of 10 countries: Brunei Darussalam, Cambodia,
Indonesia, Lao PDR, Malaysia, Myanmar, Philippines, Singapore, Thailand and Viet Nam. This
research will omit Myanmar because some data are missing, and the estimation model requires
balanced data.

Moreover, the data are treated as panel data since the Granger Causality test requires sufficient
observations for each variable. Another consideration is the regional economic integration spirit of
ASEAN as a single market, envisaged in the ASEAN Community Vision 2025.

This paper employs multivariate analysis using four variables: GDP per capita with purchasing power
parity in international dollars as an economic growth measurement, symbolized by GDPPP; fixed
broadband subscriptions per 100 population as a penetration ratio, expressed as BB100; gross
capital accumulation percentage of GDP as a form of investment, symbolized by GROSCAP; and
percentage of urban population to total population, expressed as URBAN. We employ a natural
logarithm form of the variables in the calculation. Table 1 presents summary statistics of the variables
in log form.

Table 1. Summary Statistics for the Variables

[40]

Panel Unit Root Test

The unit root test is a popular econometric method to analyse time series data. As research has
advanced, the time series method has expanded to panel data computation with multiple
observations and more prolonged periods, fuelling concern about spurious estimation from non-
stationary data (Baltagi, 2013 41)). In this study, we apply a three-panel unit root test: the Levine-Lin-
Chu (LLC) test advised by Levin, Lin, and Chu (2002 2)); the Augmented Dickey-Fuller (ADF)-Fisher
chi-squared test recommended by Maddala and Wu (1999 13)); and the Phillips Perron-Fisher chi-
squared test proposed by Choi (2001 44)). These three tests are recommended in many papers,
presented in many econometric books, and included in current statistics software packages.

Panel Causality
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A panel causality test was utilised to examine the causal relationship between two variables,
because correlation is insufficient to test causality. Furthermore, a causality test can describe the
causality direction, whether unidirectional, bidirectional or no causality. The causality calculation
method was presented by Clive W. Granger (1969 us) in his paper titled alnvestigating Causal
Relations by Econometric Models and Cross-spectral Methodsa, known as the Granger causality
test. Granger causality assumes the future cannot cause the past and, by employing a cross-sectoral
model, a relationship between two or more variables in which one factor causes another can be
validated (Granger, 1969 i45)). The simple causal model by Granger (1969 us) is:

[46]

Our research adopts a model from Arvin and Pradhan @014 147)) to calculate the causal relationship
between variables for the 13 years from 2003-2016. As we are focusing on broadband's effect on
economic growth in connection to capital and urbanisation, the model is modified as follows:

(48]

Hypotheses

From the model, we develop two main hypotheses to describe the possibility of a causal relationship
between two variables:

[49]

GDPPP is GDP per capita based on purchasing power parity current international $, and BB100 is
broadband subscriptions per 100 people.

Econometric Analysis and Empirical Results

Panel Unit Root Test

The Granger causality test requires data to be stationary to avoid spurious regression that is often
affected by the existence of a trend in panel data. Table 2 presents the results of a three-unit root
test for each variable.

Table 2. Results of Panel Unit Root Test
[50]

The unit root test results show that some variables are not stationary in level data. We repeat the
computation using first differenced data and achieve the result that all data is stationary at 1% level
of significance.

Granger Causality Test

Following the unit root test, we continued with the Granger causality test to detect causal
relationships between variables using the models below. The Granger causality test will be employed
on first differenced data using lags automatically chosen by the Akaike Information Criterion (AIC) to
find optimum lags, as suggested by Akaike (1974 [s1).

[52]
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where p, g, rand s are lag lengths for the differenced variables from the equation and can be
determined with a Granger causality approach. See, for example, Arvin and Pradhan (2014 7).
Tables 3 and 4 show the results of the panel data Granger causality tests.

Table 3. Panel Granger Causality Test Results
[53]

Six tests give undefined output for the URBAN variable, and after carefully checking the data, we
found a problem in the urbanisation data for Singapore. Because it is a city-state, Singapore's
population all live in the city, making the urban-to-population percentage 100% and thus producing
zero value in the first differenced data for the URBAN variable. We omitted data for Singapore and
repeated the Granger causality test, achieving the results in Table 4.

Table 4. Panel Granger Causality Test Results with Singapore Data Omitted
[54]

Based on the calculation of Formula 1, we find a strong Granger causality link variable with the
procedure by Dumitrescu and Hurlin (2012 s51). The causality direction is summarised in the right
column of Table 4 and described further in the flow diagram in Figure 3. The result presents a wide
range of causal relationships between the variables.

[56]

Figure 3. Granger Causality Directions Between Variables

Discussion

Although the result is clear, we intend to focus on the relationships between broadband and GDP
growth. Viewing the hypothesis and Granger causality test result, we reject Hp1: BB100 does not
Granger-cause GDPPP and Hg.: GDPPP does not Granger-cause BB100. We conclude there is a
two-way causal link between broadband penetration and economic growth.

The results also suggest several issues in broadband penetration related to economic growth. First,
the results show broadband penetration has a causal effect on GDP per capita growth, a view shared
with previous studies (e.g. Bertschek et al., 2015 19; Van Gaasbeck, 2008 1)) that place broadband as
an accelerator for economic growth in line with capital and labour. The impact of broadband on
economic growth can be in terms of productivity, efficiency and broader market access, as well as
new business formulation and employment opportunities. Broadband also affects gross capital
accumulation, as business and personal activities benefit from broadband utilisation in terms of
increasing productivity and efficiency (Czernich et al., 2011 (17; Falch, 2007 1s1; Van Gaasbeck, 2008
rao), as well as decreasing capital requirements and promoting business expansion.
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Second, we found the impact of GDP per capita growth on broadband penetration. The effect of
GDP on broadband penetration has been presented in many studies (Bojnec et al., 2012 25;; Grosso,
2006 p261; Lemstra, Voogt & Van Gorp, 201527; OECD, 2002 25, 2008 129)), viewing GDP per capita as
the primary supporter for broadband penetration. Higher income per capita will increase purchasing
power and make broadband services more affordable, leading to increasing subscriber numbers.
Moreover, the result also shows urbanisation has Granger causality for broadband penetration.
Urbanisation will facilitate broadband penetration (Lemstra et al., 2015 j27;; Wallsten, 2006 (s7) or
demand (Koutroumpis, 2009 ss)), since urban people have higher education, employment status and
technology experience, all of which support broadband adoption preferences (Hill, Troshani &
Burgan, 2014 (sq).

While GDP per capita has a likely effect on broadband penetration, we found gross capital
accumulation did not show a causal relationship with broadband penetration development. This can
be understood when viewing the history of broadband development in the Southeast Asia region,
where Digital Subscriber Line (DSL) became a central technology in the early stage of the
broadband rollout (Ruddy & Ozdemir, 2013 z6)). DSL as a transitional technology required less capital
compared to other technology, such as fibre-optic infrastructure, since DSL services use existing
copper cable from plain old telephone service (POTS). In contrast to the operator benefit from
utilising its traditional telephone network, the lower teledensity in ASEAN countries impacts
broadband availability and limits penetration growth.

Furthermore, the increasing implementation of managed services in the telecommunication sector
has decreased capital investment by telecommunication providers, as costs are reduced due to
outsourcing efficiency and the transformation of capital expenditure (CAPEX) to operational
expenditure (OPEX) (Esonwune, 2011 s0). Managed services, as a consequence of increasing
competition and falling telecommunication tariffs, have helped operators to deploy technology with
less capital investment (as the assets are owned by the managed services vendor), along with
limiting technological risk and the human resources required, as well as speeding deployment time.

Conclusion

Our results in some respects have shown the same view as existing literature, primarily on the
impact of broadband penetration on economic growth. However, we also found a higher magnitude
of effect from GDP on broadband penetration than from broadband penetration on GDP: this shows
the importance of economic growth to promote broadband penetration in the ASEAN region, as
affordability issues appear in some ASEAN member countries. Furthermore, broadband penetration
benefited from urbanisation as well as economic growth, despite no causality from gross capital
accumulation to broadband penetration.

We also affirm that variable and sample selection has a substantial effect on the results, when
employing multivariate and panel causality tests.
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