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Abstract

This study investigates the relationship between ICT adoption ratio and income inequality. While
the majority studies explain the impact of ICT on income inequality via labor market, this study offers a
different perspective on this relationship. The fast-growing ICT has influenced, not only the employment
income, but also the household income, such as property income, consumer surplus, etc. Thus, this study
seeks to show the impact of ICT on income inequality via household income channel. The large internet
economy and the remarkable internet adoption increase in Indonesia demonstrate the considerable
impact of ICT on the lives and income of people in Indonesia. By using panel data regression, this paper
shows an inverted U-shape relationship between ICT adoption and income inequality. Low ICT adoption
increased income inequality until a certain turning point, whereby higher ICT adoption reduced income
inequality in society. The turning point relating to average adoption ratio of mobile phone, computer, and
internet was 25%; while there was an average adoption ratio of 17% for computer and internet.
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1. Introduction

The impact of information, communication, and technology (ICT) adoption on the inequality of income
distribution is a widely discussed topic by economists because of the speedy advancement on ICT
development nowadays. It is important to pay remarkable attention on this issue as ICT is diffused into
almost all aspects of human life and become a key factor on determining the sustainable development.
On one side, the ICT diffusion gives benefit on people who use it, but on the other side, it widens the
productivity gap between the ICT users and non-ICT users. However, as the prices are lower and more
people can afford it, the benefit of ICT is spread to almost all the layers of society and is projected to lower
the income inequality level. Therefore, this study provides evidence of the impact of ICT adoption on
income inequality.

In recent decades, income inequality within countries is argued to be rising (Atkinson, 2003; Goesling,
2001). Literature has shown that several factors are recognized as the source of income inequality.
Technical change is acknowledged as one key element of rising inequality over the world in recent
decades. Since most new technologies are skill-intensive, the introduction of new technology leads to a
technical change that has a skill-biased characteristic, where skilled workers are preferred and the
demand for such workers increase. This leads to a rise in their prices (wages) relative to their unskilled
counterparts and leave the employees behind with low wage. ICT is one of the fastest growing
technologies that pilots technical change and probably influences inequality in society in recent times.

The use of ICT by producers and consumers across the globe has grown rapidly since the last decade
of the 20%™ century. In the early phases, a lot of literature focused on the impact of ICT use in production
and productivity from a producer perspective; however, the involvement of consumers and households
in the use of ICT has increased substantially over years. Moreover, the service content of ICT has increased
rapidly over the years. There were substantial changes in ICT during the last decade. In this case, the
earlier studies discussed about computer and software, nowadays, people talk about cloud computing
and ICT services more than a computer. Through these new forms, ICT has influenced almost all aspects
of human life such as transportation, services, entertainment, communication, etc. People increasingly
use the technology to communicate with others to order transportation services, to make virtual financial
transactions, to shop products and services that are delivered to their home, and to access entertainment
services. All of them can be done either using their mobile phones or computers.

However, not everyone benefits from the advancement of ICT, as the digital divide or the uneven
distribution in the access to ICT across different socio-economic groups still persist (Norris, 2001). This is
particularly correct in some developing countries, where the gap between the rich and poor is often large
(Chinn & Fairlie, 2004; Pick, Sarkar, & Johnson, 2015). Rich people/countries, who have the capital to
acquire ICT, have bigger opportunity to enjoy the benefits of the technology quickly, while the poor ones
need time to get the benefit of using ICT, to earn more capital to acquire ICT or to wait until the ICT’s price
is lower and affordable for them (Ziemba, 2016). Even the price of ICT products has gone down drastically,
there is still gap on ICT accessibility between the poor and the rich - the digital divide, that will create
multiple impacts on society and economy - on growth, poverty, and inequality.

Provinces of Indonesia provide good data that help test the relationship between change in ICT
adoption ratio and the change in inequality. With ICT adoption rate varying from the 19.26% internet
adoption ratio in Papua and the 76.96% internet adoption ration in Jakarta in 2017, ICT adoption ratio
among the provinces in Indonesia shows high difference. The internet adoption ratio in Indonesian
provinces in 2016 are shown in Figure 1. This data variation is also supported by the average ICT adoption
growth in Indonesia, which grew from 30% in 2012 to more than 45% in 2016.
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Figure 1. Internet adoption ratio in Indonesian provinces in 2016 (source: bps.go.id)

In addition, the inequality level in Indonesia is on an increasing trend, so it is important to find the
determinant of the rising inequality as a way to solve it. By using a panel data of ICT adoption rate and
income inequality level in thirty-four provinces from 2012 to 2016, we investigated the relationship
between ICT adoption rate and inequality across Indonesian provinces and tested if the inverted U-shaped
relationship persists.

2. Literature Review

In this section, we reviewed a number of studies related to the impact of ICT on income inequality.
However, it is important to take a look at the role of ICT on economic growth previously because one of
the channels of ICT influence economic growth is by means of the productivity effect which plays a vital
role in determining income inequality. By recognizing that ICT can influence labor productivity, we showed
how ICT can influence income inequality in the labor market. This channel has been extensively discussed
both in developing and developed countries, as theoretical or empirical studies. Moreover, we provided
literature reviews regarding the impact of ICT on households, which reveal the role of ICT on increasing
household income. Further, we looked at the impact of ICT on income inequality through the household
channel, as the uneven distribution of ICT persists in society.

2.1Impact of ICT on Economic Growth

The onset of new technology can have disruptive effects initially, as envisaged by Schumpeter’s
famous creative destruction process (1942). New technologies can make existing technologies obsolete
faster and firms are forced to discard their capital that uses the existing technology (Abdul Azeez Erumban
& Timmer, 2012). It is during this initial phase of transition that several advanced economies fail to see
improvement in productivity. However, once the deployment stage is over and technology is in place,
studies have observed the positive impact of ICT on economic growth in three different channels, namely:
production effect, investment effect, and productivity effect.

ICT-production sectors have been characterized by rapid technological progress. The Organization for
Economic Co-operation and Development (OECD) (2001) showed evidence of a conspicuous increase in
Multi-Factor Productivity (MFP) in ICT-producing sectors in the US and Finland from 1990-1999. This
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increasing MFP was then followed by very large economies of scale (Colecchia & Schreyer, 2003), whereby
producing a large number of ICT products, such as semiconductors, made the price of the products lower.
Moreover, the capability of advanced technology makes the development of better quality products
faster, which in turn influences the price of existing lower quality products to become lower (van Ark,
Gupta, & Erumban, 2013). This price drop further creates considerable increase in demand and
contributes to the economy (Ahmed, 2017).

As the price of ICT is decreasing globally, ICT has become more affordable for more firms and
industries. Consequently, they are increasing their investment in ICT to gain an increase in MFP (van Ark
et al., 2013). By performing growth accounting studies, some researches showed a positive relationship
between investment in ICT and economic growth in a country (Cette, MAIRESSE, Kocoglu, & Mairesse,
2002; Colecchia & Schreyer, 2003; Abdul A. Erumban & Das, 2016; Timmer & van Ark, 2005). Moreover,
empirical studies also described the significant positive impact of ICT investment on economic growth
(Acharya, 2016; Aghaei & Rezagholizadeh, 2017; Spiezia, 2013; Stanley, Doucouliagos, & Steel, 2018).

By using ICT in the production process, labor can perform more efficient work to produce output,
therefore, they can increase the amount of output produced. In terms of MFP, ICT provides a better
method of combining capital and labor to produce output (van Ark et al., 2013). This study was supported
by Oliner and Sichel (2002) and Jorgenson et al. (2002) in the US, Van Ark (2003) in the US and the EU,
Faha and Vaumi (2015) in Cameroon and Wamboye et al. (2016) in sub-Saharan countries. Thus, based
on the previous studies above, it is clear that ICT plays important role on economic growth and
productivity.

2.2Impact of ICT on Households

Instead of only influencing activity in firms and industries, ICT nowadays influences almost all aspects
of human life. Countless studies provided evidence of the benefit experienced by households due to the
adoption of ICT. For instance, a study asserted that ICT can benefit households by reducing asymmetric
information between economic agents (Lindbeck & Wikstrom, 2000). This argument was supported by
another study that presented a literature study on the benefits of the mobile phone by reducing negative
factors (e.g. corruption, crimes, expensiveness) and increasing the positive (e.g. education, efficiency,
health) through easier access to information and transparency (Bahmani-Oskooee, Hegerty, & Wilmeth,
2008). Further studies even showed the possibility that household income can be increased by adopting
ICT, as shown in Table 1.

Table 1. Literature of the Impact of ICT Adoption on Households

Authors

Impact of ICT adoption on households

Irvine & Anderson (2008)

Increasing efficiency of the business process in hospitality services in Scotland

Cramer & Krueger (2016)

Greater utilization of ICT-equipped taxi driver (Uber) than the conventional taxi
driver in the US during 2014-2015

McNamara (2003)

Learning better methods for producing, pricing and marketing their products
and connecting them to the government to match their needs and the services
provided

Mbuyisa & Leonard (2017)

Increasing market access, reducing production costs, and rising efficiency on
information gathering

Flor (2016)

Reducing transportation cost, providing updated information, increasing
networking, making it easier to run personal businesses and increase security

Hibler & Hartje (2016)

Information exchange, providing a job, weather information, mobile financial
transactions, social networks, etc.

Cecchini (2003)

Having better access to markets, health, education, and financial services

Silva & Ratnadiwakara (2008)

Possibility of reducing transaction costs significantly by providing access to ICTs

Monga, Lin, Aker, &
Blumenstock (2014)

Information sharing, money transfers, saving money and as devices to use in
learning

Brynjolfsson, Hu, & Smith
(2003)

Improving efficiency on book markets

Kim (2018)

Positive net consumer welfare of using mobile instant messenger in Korea

Byrne & Corrado (2017)

Consumer surplus in digital content delivery services

source: author
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From these studies, we can see that there are numerous advantages to be gained by households
adopting ICT instead of just an increase in employment income. However, household incomes cover all of
the ICT benefits in property income as other income from other non-financial assets. By looking at ICT
adoption at the household level, we can measure the households that experience income increases as a
result of ICT.

2.3 Impact of ICT on Income Inequality

As previously mentioned, the diffusion of ICT is advantageous for economic growth by increasing
productivity, both in industries and in households. However, there is a growing concern about the impact
of this increasing productivity on income inequality, seeing as ICT does not benefit all types of workers in
industries and the presence of the ‘digital divide’ at the household level.

Most of studies used the labor market channel to measure the impact of ICT on income inequality.
The skill-biased characteristics of technology is suggested as the main reason for changes in the wage
structure (Bound & Johnson, 1989). Computer technology plays a crucial role in increasing demand for
high-skilled laborers relative to the medium-skilled and low-skilled laborers (Autor, Katz, & Krueger, 1997).
Further research showed that the introduction of new technology might increase the wages of high skill
laborers and reduce the wages of laborers whose jobs can be replaced by new technology (Acemoglu &
Autor, 2010). This study is supported by Michaels Guy & Natraj Ashwini (2014) stating that there was a
shift in demand from medium-skilled labor to high-skilled labor in fast-growing ICT industries in the US,
Japan and nine European countries from 1980 until 2004.

Some other studies tried to offer a different perspective on the relationship between ICT and income
inequality. Uneven ICT distribution among households means that only a limited number of people can
enjoy the benefits of ICT and increase their income. In this situation, there will be an increasing income
gap between households with ICT and ones without ICT (Bourdeau de Fontenay & Beltran, 2008; Ziemba,
2016). However, as the adoption of ICT has increased, more people benefit and earn higher incomes,
which in turn further reducing the income inequality level. Asongu (2015) highlighted the positive income
equalizing effect of mobile phones in 52 African countries from 2002-2009. A further study used the
mobile phone as the proxy of ICT to study its impact on income distribution between eleven countries in
Africa in 2011. By involving not only the adoption rate but also the intensive use of mobile phones, this
study found that mobile phone usage has an income equalizing effect between countries (James, 2014).
The summary of the channels of ICT influence income inequality is shown in Figure 2.

High Skill
Autor et al., 1998;
: ¥ Employment
Acemoglu &Autor, 2010; Industrial ll'l N Medium Skill
Michaels et al., 2014 ncome
Low Skill
ICT Income
Inequality
With ICT
Fontenay&Beltran, 1998;
Ziemba, 2016; Asongu, Households Household Income
2015 .
Without ICT

Figure 2. The summary of the channels of ICT influence income inequality (source: author)

In the light of the interesting previous literature, we were unable to find any study about the impact
of ICT adoption on income inequality in Indonesia. The most prominent channel of the relationship
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between ICT and income inequality, as identified by the previous literature, is by way of the supply
side/labor market, but the benefit of ICT for households and the presence of the digital divide might also
play a vital role in determining income inequality. While the income inequality study via labor market is
widely available, the household channel, which can also change the income structure by reducing
transaction cost, provide consumer surplus, etc., gets less attention. It is important to do this study
because ICT diffusion influences almost all the aspects of human life instead of just in labor market. In
2019, Indonesia was recorded as the largest internet economy in the world with US$27 billion economic
value and 49% compound annual growth rate during 2015-2018. In addition, four technology companies
in Indonesia turned out to be billion dollars “unicorn” and became part of 300 biggest technology
companies in the world. This diffusion changes not only the wage of labor, but also change the income
structure in household level. Given the data limitations about the wage structure in Indonesia, we were
not able to investigate the impact of ICT adoption on income inequality in the labor market. Therefore,
this study examined the impact of ICT adoption in households on income inequality in Indonesia. In
addition, the relationship between ICT adoption and income inequality remains unclear because some
studies showed the possibility of ICT increasing income inequality (Bourdeau de Fontenay & Beltran, 2008;
Ziemba, 2016), though other researches demonstrated the equalizing effect of ICT on income distribution
(Asongu, 2015; James, 2014). Therefore, in this case, there might be an opportunity to implement the
inverted U-shaped relationship of economic growth on income inequality introduced by Kuznets (1955).

3. Methodology

By observing the household adoption rate of ICT, we can get information about how far people, which
are assumed to have a low capability on acquiring ICT, get benefit from ICT, where a high adoption ratio
shows that more poor people gain the advantage from ICT. By controlling other factors that affect
inequality, the effectiveness of newly-adopted (people who do not access ICT in previous periods) using
ICT to increase their income and influence the gap to the rich. This study provided a contribution in three
ways, namely: adding literature about the determinants of income inequality in Indonesia, providing
empirical evidence about income inequality in the regional study, and showing the probability of inverted
U-shape relationship between ICT adoption ratio and income inequality.

3.1Hypotheses

In this study, we sought to answer the impact of ICT adoption ratio on income inequality in Indonesian
provinces. For this, we used data of Indonesian provinces (the whole data used in this study was collected
from the Indonesian Bureau of Statistic (bps.go.id) on Dynamic Table session) because of the variation in
ICT adoption ratio and the data availability. After reviewing the existing studies related to the impact of
ICT, we postulated the following hypotheses:

“The change of ICT adoption rate has a significant impact on the change of income inequality in
Indonesia and the relationship is inverted U-shaped. At low adoption rate, the income gap between those
who have access to the technology and those who do not will increase. Meanwhile, high ICT adoption rate
means that more people enjoy the advantage of ICT that will reduce the income gap in society.”

In this research, we used the mobile phone, computer, and internet access as the proxies of ICT
because these devices are the most common ICT products that are used by households compared to other
kinds of ICT proxies. Most of ICT benefits can be obtained by using a mobile phone. Nonetheless, the
mobile phone has limited capacity to increase people productivity. A computer has better capacity on
increasing productivity; however, to access ICT and gain benefit from it, a computer needs internet access.

The research method should be appropriate with the statement of the research problem. It should
cover method used, measurement instrument, sampling method, data collection technique and data
analysis. Data are described and adequate.
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3.2Methodology

Since the objective of the thesis was to understand the impact of ICT penetration on income inequality,
we needed to measure income inequality, ICT and several possible control variables. We used the Gini
coefficient as a measurement of income inequality, and multiple indicators including mobile phone,
personal computer, and internet adoption ratio to capture the ICT adoption as a main explanatory
variable. The study was a year of schooling, unemployment ratio, price index, and foreign direct
investment in each province used as control variables that may have a significant impact on inequality.

The model we used in this thesis postulated a relationship between income inequality and ICT
adoption, whether higher adoption ratios had any impact on income inequality. In addition, we also
hypothesized that the impact of ICT adoption ratio on income inequality can be an inverted U-shape. Thus,
we expected a positive significant impact of ICT on income inequality in low ICT adoption ratio, but a
negative significant impact of ICT on income inequality in high ICT adoption ratio. To test the significant
impact of ICT adoption on income inequality in Indonesian provinces, we followed the model that was
used by (Dartanto, Yuan, & Sofiyandi, 2017) to measure the impact of structural change on income
inequality and add ICT variables into the model. Moreover, to test if the relationship is inverted U-shape,
we added the ICT square variable into the model. A positive impact of ICT and a negative impact of ICT
square variables on inequality implied an inverted U-shape relationship between ICT and inequality.

INGINI, = a; + B,InICT;, + B,InICT;,% + BsRGDP,, + B,AGRI,, + BsMANU,, + B4FIN;, + B,GOV,,
+ B3EDU;, + By UNEMP,, + B,o PRICE;, + B, FDI;, + B, POV, + €

InGINI : the log of Gini coefficient.
LnICT :the average of log of adoption rate of mobile phone, computer, and internet
RGDP :real GDP per capita (in thousand US dollar)

AGRI : share of agriculture on GDP (percentage)

MANU : share of manufacture on GDP (percentage)

FIN : share of finance on GDP (percentage)

GOV : share of government expenditure on GDP (percentage)
EDU : average years of schooling

UNEMP : Open Unemployment Ratio (percentage)
PRICE : Price Index

FDI : Foreign Direct Investment Ratio to GDP
POV : Poverty Rate

i : province, i=1, ..., 33

t :year t=2012, 2013, ..., 2016

Since our data consist of 33 provinces and five years, we used a panel data analysis. A panel data can
be estimated using pooled OLS (POLS), fixed effects (FE), or random effects (RE) estimation methods. The
main difference between these methods can be found in the assumption of the coefficients of the
variable. While POLS assumes that coefficients B1 B, Bs do not differ between individuals (y«=B1+B2 X2it+B3
xsir+€it), FE assumes different intercepts B1; between individuals but keep a constant slope coefficients B,
Bs (yi=B1+B2 X2it+B3 xsir+eir). In RE, all individuals differences are captured by the intercept coefficient
(B1=B 1+u;) but presented as an average and random value so the model | become yi=B"1+B2 Xait+B3 X3it+Vit,
where vi=gi+Uj. FE is chosen if we are interested on individual effects of the sample, while RE is preferred
if the individual effects is not our interest. Moreover, POLS is preferred when there are no random or
fixed individual differences among sample members. However, in our study, we did a number of statistical
tests to make the appropriate choice, namely:

1. Chow test to choose between POLS and FE,
2. Hausman test to choose between FE and RE, and
3. Lagrange Multiplier (LM) test to choose between POLS and RE.
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Besides, we considered the impact of control variables on income inequality. A good empirical model
provides a significant result on control variables as in the literature review. Thus, the significance of
control variables was also considered to choose the model in this study.

3.3 Data and Variables

The whole data used in this study were collected from the Indonesian Bureau of Statistic (bps.go.id)
on Dynamic Table session. Since the objective of the thesis is to understand the impact of ICT penetration
onincome inequality, we needed to measure income inequality, ICT and several possible control variables.
We used the Gini coefficient as a measurement of income inequality, and multiple indicators including
mobile phone, personal computer, and internet adoption ratio to capture the ICT adoption as a main
explanatory variable. The study was conducted across 33 provinces across Indonesia in the period of 2012-
2016. In addition, real GDP per capita, the share of agriculture, manufacture, finance, trade, and
government on GDP, poverty rate, average years of schooling, unemployment ratio, price index, and
foreign direct investment in each province were used as control variables that may have a significant
impact on inequality.

Gini Coefficient (GINI) is the most common indicator used to measure income inequality. This
coefficient is obtained from the Lorenz curve, which is the sort of people from the lowest income to the
highest income in a country or region and shows the population accumulation in axis x and the income
accumulation in axis y. If the value of GINI is one, the population is considered to have perfect inequality,
while zero indicates a perfectly equal population. There are some other measurements that are used to
estimate the inequality, such as top 1 percent and top 10 percent income, Interdecile p50/p10, Palma
ratio, s80/s20 quintile ratio, etc. We used GINI in this study because of the availability of the data.
Indonesian Bureau of Statistic provided data on Gini coefficient for urban area, rural area, and the
combination of both areas. The website (bps.go.id) provide an option for Gini coefficient for the first and
second half of the year and also for the whole year, from 2002 until 2018. However, the data are only
available for the first half year, while the second half and the whole year’s option resulted in no data. For
this study, we used the combined data of both rural and urban areas that represented the whole condition
of a province in Indonesia. We used the period of 2012-2016 because of the lack of data on some other
indicators. It is important to evaluate whether the analysis should address the research problem or not.
Analysis should also address the implications and link to the research problem. The argument should be
also based on the strong theoretical framework, data and valid information.

Average ICT adoption ratio (ICT): The average value of mobile phone, computer, and internet adoption
ratio in a province in Indonesia, where mobile phone adoption ratio shows the percentage of households
that own or have the right to use a mobile phone in a province; computer adoption ratio indicates the
percentage of households that own or have the right to use a personal computer in a province; and
internet access ratio offers the ratio between the number of households that access the internet at least
once in the last three months before the survey was done and the total number of households in a
province. The use of these three tools as proxies of ICT is important because they are the most general
and affordable ICT devices that can be used by households to access the benefit of ICT. However, mobile
phone adoption ratio does not provide information regarding the type of mobile phone that is owned by
households, in which smartphone provides a larger benefit than a conventional mobile phone. Anincrease
in the average ICT adoption ratio shows that there are new people who use ICT in their daily life and be
exposed by the benefit of ICT.

In this study, we assumed that increasing income inequality in low average ICT adoption ratio because,
in the early phase, only rich people had access to ICT, while the poor left behind and led to a wide gap
between them. However, as the adoption ratio increases, more people have access to ICT and enjoy the
benefit of ICT that elevate their whole life quality and finally reduce the welfare gap in society. Therefore,
in this study, we assumed a positive significant relationship between ICT and GINI, and negative significant
relationship between ICT2 and GINI.

Regional Gross Domestic Product (RGDP): Regional gross domestic products provide the per capita
expenditure in each province during 2012-2016. This variable used constant price in 2010. The importance
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of this economic indicator was pretty clear in some studies, but the direction of the impact was ambiguous
because some studies showed a positive impact of economic growth to income equality, while the others
explained different situations.

Economic Structure (AGRI, MANU, FIN, GOV, TRADE): The GDP share of agricultural, manufacturing,
financial service, government expenditure, and trade sector on total GDP. It is important to control these
indicators because some studies showed the impact of structural economic changes to inequality, where
the shift from agriculture to manufacturing, agriculture to services, and manufacture to services increased
income inequality in Indonesia. Moreover, an increase in government share means that the government
has more money to solve the social problems exists in society, where income inequality is one of the
problems. Trade plays an essential part in the Indonesian economy because of the high number of small
and medium enterprises (SMEs) in Indonesia. Previous studies showed that a higher share of trade sector
on GDP reduced the income inequality.

Poverty Rate (POV): Number of people who live under the poverty line in a province in Indonesia. This
poverty line is the summation of food and non-food poverty lines, where the food poverty line is described
as the minimum expenditure that must be spent by an individual to gain 2,100 kilocalorie food per capita
per day and the non-food poverty line is the minimum expenditure to gain commodity such as housing,
clothing, education, and health, based on Basic Needs Commodity Package Survey 2014 in Indonesia.
There are two periods of time available for this data yearly, first and second half-year. For this study, we
used the average of the first and second half year. An increase in poverty rate means a lower average
income in society that will increase income inequality.

Average Years of Schooling (EDU): The average years of schooling for people with age more than 15
years in a province. Finishing basic school is measured as a six-years of schooling, finishing primary high
school is measured as a nine-years of schooling, and finishing secondary high school is measured as a
twelve-years of schooling, without considering any longer times of schooling in those schools. Higher
education is measured as the years attempted in certificates. Higher education level is expected to have
a negative significant relationship on income inequality.

Unemployment Rate (UNEMP): The percentage of the workforce that does not have a job, including
people that are still seeking for a job, getting ready to be an entrepreneur, not seeking for the job because
they think that they will not have any job, and people that have a job, but don’t start to work. This concept
is based on the ILO Manual and Concept Methods. There are three options of data that are provided in
Indonesia’s Bureau of Statistics website, namely: February, August, and yearly data. In this study, we used
the average between February and August data because the yearly data was currently not available.
Existing studies indicated a positive relationship between unemployment condition with inequality, where
high unemployment level led to high income inequality.

Inflation Rate (PRICE): Inflation rate is the change in the prices of goods and services. If the change in
the domestic price of goods and services increases, the inflation rate increases. This increasing price will
result in a lower value of the domestic currency in term of the general value of goods and services. In this
study, we used the data of the general price index to describe inflation with the year 2010 as the base
year (price=100). The data were available for some cities in a province, but in this study, we used the data
of the capital city of each province. Based on previous studies, we assumed a negative impact of inflation
on income inequality.

Foreign Direct Investment (FDI): total investment from foreign countries that come to a province in
one year. This investment was measured in million US dollars. The previous study offered a positive effect
of foreign direct investment on income inequality.
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The summary of the data used in this study is shown in Table 2.

Table 2. Hausman and Breusch and Pagan Lagrangian Multiplier Tests Results

Variable Observation Mean Std. Dev. Min Max
InGINI 165 -.990 .105 -1.290 -.816
InICT 165 3.594 .265 2.788 4.168
InICT2 165 12.988 1.880 7.772 17.370
RGDP1000 165 35.806 28.557 10.031 149.848
AGRI 165 20.035 9.664 .090.090 41.901
MANU 165 15.837 11.226 1.248 43.720
FIN 165 2.951 1.574 .862 10.928
GOV 165 6.037 3.945 1.631 20.162
TRADE 165 12.002 3.479 4.586 18.381
EDU 165 7.923 .972 5.73 10.88
UNEMP 165 5.044 2.258 1.37 10.68
PRICE 165 125.586 11.380 108.43 152
FDIR 165 .514 .828 .001 6.970
POV 165 11.997 6.282 3.635 31.33

source: bps.go.id (calculated by author)

4. Results

We did some regressions following the formulated model. In doing the regression, we did it by using
full model as we included all the ICT variables in regression, and partial models where we relaxed one ICT
proxies to see the impact of one ICT without the existence of other ICT tools. Moreover, we relaxed the
education variable to avoid the presence of endogeneity problem because education might influence
other independent variables. After doing Hausman and Lagrange tests to choose a preferred regression
approach, we decided to use random effects method because the full model shows a weakly significant
result of the difference in coefficients. Even though the result was significant when we removed the
mobile phone in measuring the average ICT adoption, we kept using the random effect to make it
comparable with the full model. Moreover, we considered that there were no specific characteristics in
each province that influenced the regional inequality level. The results of the tests are shown in Table 3.

Table 3. Hausman and Breusch and Pagan Lagrangian Multiplier Tests Results

Full Model COM+INT Full Model-EDU COM+INT-EDU
Hausman Test
Chi2 21.20 31.43 18.24 53.59
Prob>chi2 0.0476 0.0029 0.0762 0.0000
Breusch and Pagan Lagrangian Test
Chibar2 102.05 94.41 109.98 103.09
Prob>chibar2 0.0000 0.0000 0.0000 0.0000

By using the random effects approach, we got the regression result as shown in Table 4.

Table 4. Regression Result

Variable Full Model COM+INT Full Model-EDU COM+INT-EDU
InICT .9604* .9471%*

InICT2 -.1536** -.1506**

INCOMINT 5713** .5657**
INCOMINT2 -.1059** -.1043**
RGDP1000 -.0012 -.0011 -.0010 -.0010
AGRI -.0024 -.0023 -.0022 -.0022
MANU .0018 .0018 .0018 .0019

FIN .0518%** .0533*** .0522%** .0537***
GOV -.0103** -.0100** -.0095%* -.0093**
TRADE -.0165*** -.0167%** -.0163%** -.0166%**
EDU .0113 .0101

UNEMP .0025 .0025 .0028 .0027
PRICE .0000 .0001 .0000 .0001
FDIRATIO -.0032 -.003 -.0031 -.0032
POV .0073%** .0076*** .0066*** .0069***
_cons -2.4725%** -1.7584*** -2.2856*** -1.6858***
Observations 165 165 165 165

legend: * p<0.1; ** p<0.

05; *** p<0.01
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The regression result of the full model show that when we included all the variables and measured
average ICT adoption as the average adoption in mobile phone, computer, and internet adoption, the
adoption rate offered weakly significant positive impact of ICT adoption on income inequality, meaning
that the increase in ICT adoption would increase income inequality in Indonesian provinces. After
excluding the mobile phone adoption ratio from the average ICT adoption, we found that the impact of
ICT adoption became stronger, but with a lower coefficient. This might happen because we could not
distinguish the types of mobile phone used by the households, either a conventional mobile phone or a
smartphone, where a smartphone provides higher benefit for the users than the conventional one. One
percent increase on the average percentage of computer and internet adoption increased the Gini
coefficient by 0.57 percent; meanwhile, one percent increase on the average percentage of mobile phone,
computer, and internet adoption increased the Gini coefficient by 0.96 percent. However, the significant
negative impact of the square of ICT adoption on income inequality showed the inverted U-shape
relationship between ICT adoption and income inequality. With this inverted U-shape relationship, we
could calculate the turnover value of the log of average ICT adoption, which was beyond this average ICT
adoption, and an increase in ICT adoption lowered the income inequality. By assuming the first difference
of the Gini was equal to zero, we calculated the turning point of the log of ICT adoption as: (1) the average
mobile phone, computer, and internet adoption: 22.79%; and (2) the average computer, and internet
adoption: 14.84%.

Therefore, by reaching the average ICT adoption ratio for mobile phone, computer, and internet by
22.79 percent or average adoption of computer and internet by 14.84 percent, ICT could have a positive
impact on income equality. This result is in line with Kuznets’ inverted U-shape relationship of economic
growth and income inequality to the relationship between ICT adoption and income inequality. This is
probably because of the similar characteristic of economic growth and ICT, where both of them can be
beneficial for poor people if only the distribution experienced by the poor. While the distribution of
economic growth was not easy to measure, the distribution of ICT can be reflected in ICT adoption ratio,
where the rich usually adopt ICT earlier. A high ICT adoption ratio implied a well-distributed ICT that made
a negative impact of ICT on income inequality in society. This finding is in line with the studies stating that
ICT is beneficial for households (Hubler & Hartje, 2016; Lindbeck & Wikstrom, 2000). This also supports
the poverty reduction function of ICT (Aglero & de Silva, 2011; Cecchini, 2003; Jensen, 2007; Mbuyisa &
Leonard, 2017; McNamara, 2003). Thus, this paper provided the behavior of how ICT adoption can help
poor people in Indonesia.

Moreover, the insignificant impact of real GDP per capita on inequality denied the previous study that
used the US as the object (Panizza, 1999). This might occur due to a different characteristic of Indonesia
and the US, where Indonesia is an developing country and the US is a developed country; wherein
developed countries, the income might have distributed more equal compared to the distribution in
developing countries. However, this unimportant role of economic growth on determining income
inequality was also found in previous study (Bahmani-Oskooee et al., 2008).

Economic structure, which has a critical function on settling the income inequality in Indonesia (Afandi,
Rantung, & Marashdeh, 2017; Dartanto et al., 2017; Novalia, 2014), also showed an essential part on this
study. Even agriculture and manufacture do not provide a significant impact on income inequality, the
financial sector which is considered as a service sector shows a positive significant effect on income
inequality. This was probably because this service sector usually required high-skilled workers, so an
increasing share in this sector will increase the demand of this type of labor and finally raise their income
which will finally expand the gap with the low-skilled workers. The role of the government sector on
controlling inequality is clearly seen in this study. In this case, an increase in government shares on GDP
decreased inequality among society. This finding supports the research that the government has an
important part of providing ICT for the poor to reduce poverty (Flor, 2016). As a democratic country, all
resources in Indonesia that are essential for society are managed by the country for people interest. As
ICT is one of central resource needed by public, government play important role on regulating it. Yet, ICT
is not the only tool for the government to reduce poverty and increase inequality. Another economic
structure variable, the share of trade on GDP, also participate in specifying the inequality level. Rise of the
trade portion on GDP will reduce the inequality within the society. This might relate to the high segment
of small and medium enterprises (SMEs) in Indonesia, hence an increasing portion of trade means that
more poor people engage in trades that probably increase their life quality and reduce the income
inequality.
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Education surprisingly became insignificant factors to influence income inequality in Indonesian
provinces. This result opposed the existing literature studies that explicate the importance of human
capital on alleviating poverty. Actually, this immaterial role of education also happened in a study of
income inequality in Indonesia (Dartanto et al., 2017). The low average years of schooling in Indonesia
might cause this unimportant role of human capital on influence inequality. As described in the data
description, the average years of schooling in Indonesia are less than 8 years, which means that more
than half of the young people in Indonesia do not graduate from a secondary high school. Different from
existing literature, unemployment was a minor aspect to influence income inequality in Indonesia
(Akinbobola & Saibu, 2004). This might correlate with the finding stating that unemployment can make
an impact on inequality in case of extreme inequality, while the inequality in Indonesian provinces was
not extreme (Tregenna, 2011). This finding is also in line with a study that didn’t find any systematic
relationship between income inequality and unemployment (Saunders, 2002). The low average income
levelin Indonesian provinces might be the reason for the insignificant impact of unemployment on income
inequality. The low average income and non-extreme inequality provided small gap between the
employed and the unemployed people, where the change of unemployed people did not influence the
gap that was already small.

Inflation, in the form of the price index, also performed a little part in determining income inequality
in this study. The possible explanation for this condition is that inflation influences almost all levels of
society. Even though the literatures explain the equalizing effect of inflation because of its benéefit for the
middle-income people (Adam & Zhu, 2016; Meh & Terajima, 2011), it also creates a loss for the poor
people that severe the income inequality between the middle income and the poor. As a result, the gap
between the rich and middle-income people got closer, but the gap between the middle-income people
and the poor got wider.

The incoming investment to Indonesian provinces does not provide essential impact on inequality in
Indonesia provinces. This fact declines the study that FDI influence inequality through the transfer of
technology that leads to skill-biased technological change (Lee & Wie, 2015). In this study, a low level of
transfer of knowledge can be considered as the main aspect in a small impact of FDI to inequality. In this
study, we can see that it is not only the level of incoming investment that influence the income inequality.
Transfer of knowledge that is embedded in FDI must also be considered on measuring the relationship
between incoming FDI and income inequality.

5. Conclusions

Income inequality is always an important issue in a country because of its essential impact on economy
and society. Many studies have been done to find out the determinants as a way to find the solution to
this problem. However, there is a limited number of studies performed to revise the income inequality
determinants in Indonesia. On the other hand, the increasing diffusion of ICT in society shows its rising
needs for a better life. The growing significance of ICT on determining the quality of life might also
influence the income inequality condition in a region. By looking at the ICT adoption ratio, we get the
description of the distribution of ICT among the households in Indonesian provinces. Well-distributed ICT
will increase the number of people who can enjoy the benefit of ICT and increase their life quality. This
study contributed on providing more literature about the determinants of inequality in Indonesia and
supporting the possibilities of an inverted U-shape relationship between ICT adoption and income
inequality. By knowing the turning point of the inverted U-shape relationship, we can get a minimum ICT
adoption ratio that must be achieved to reduce income inequality in society, otherwise, the ICT will
increase the income inequality.

There are three important points that can be taken from this empirical study of 33 provinces in
Indonesia during 2012-2016. First, ICT adoption rate is important to determine the level of income
inequality in Indonesia. From the regression result, we get that ICT adoption has two different effects on
income inequality. On one hand, it increases the income inequality, but on the other hand, the effect is
slowing as the adoption rate increase. Because of the existence of these opposite effects, ICT adoption
will give no impact on income inequality in a certain point. By passing this certain ICT adoption level,
government can use ICT to reduce income inequality in society. Second, it is important for the government
to reach about 23 percent of the average adoption rate of mobile phone, computer, and internet or about
15 percent of the average adoption rate of computer, and internet to generate a positive impact of ICT
on inequality. Third, the government can support the trade sector to increase reduce inequality in society.
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There are some developments that can be done to support this study. Categorizing the speed of
internet, the type of mobile phone and computer, or the coverage of internet in sample area will provide
a more accurate result on the impact of ICT adoption on income inequality. Moreover, a more
sophisticated regression method can be applied to see this problem in different viewpoint.
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