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DEVELOPMENT ECONOMICS | RESEARCH ARTICLE

Towards the quest to reduce income inequality in 
Indonesia: Is there a synergy between ICT and 
the informal sector?
Fitri Kartiasih1,2*, Nachrowi Djalal Nachrowi2, I Dewa Gede Karma Wisana2 and 
Dwini Handayani2

Abstract:  The study assesses how ICT modulates the effect of informal sector on 
income inequality and investigates critical mass or threshold of ICT at which the 
diffusion of information with mobile cellular reduce income inequality. The ICT 
indicators are the regional ICT development index (RIDI), computer penetration 
and mobile cellular penetration. The empirical strategy used is Generalized 
Method of Moments (GMM). Covering panel data from 460 districts/cities in 
Indonesia for 2015–2019, the study shows that ICT measures of RIDI and computer 
penetration directly exacerbate income inequality, otherwise mobile cellular pene
tration directly reduces it. Enhancing ICT beyond certain thresholds is necessary for 
ICT to modulate informal sector to reduce income inequality. The corresponding ICT 
thresholds for the reduction of income inequality is 32.78 mobile cellular penetra
tion per 100 people. The established thresholds make economic sense and can be 
feasibly implemented by policy makers to induce favourable effects on income 
inequality.

Subjects: Internet & Multimedia; Development Studies; Economics and Development; 
Statistics for Social Sciences 

Keywords: ICT critical mass; ICT threshold; income inequality; informal sector; mobile 
cellular penetration; Indonesia; ICT

1. Introduction
Information and communication technology (ICT) is developing very rapidly, bringing drastic 
changes to the dissemination of information and communication throughout the world. ICT has 
a critical role in the global economy (Lee et al., 2005; World Bank, 2016), promotes economic 
prosperity and minimizes income inequality (Asongu et al., 2019; Ofori & Asongu, 2021; Ofori et al.,  
2022b). The wider use of ICT provides hope for reducing economic inequality. Technology is 
considered an equalizer that will increase access to education, jobs, and finance for people from 
all walks of life (Deloitte, 2018). However, there is skepticism regarding how ICT might help lessen 
economic disparity. Despite the fact that technological advancements are intended to alleviate 
poverty, inequality, and social exclusion, inequality and social exclusion continue to rise (Bach 
et al., 2013).
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ICTs are causing a shift to more flexible work structures and contributing to an increasing 
prevalence of precarious or informal working conditions (Bruckner et al., 2017). Better access to 
the high-speed internet has altered the structure of work, allowing for greater access to informa
tion, increased connectedness, and improved business process efficiency. This allows for greater 
job flexibility for both workers and employers. Working from home has also become more con
venient thanks to advances in technology. Technology also enables increased fragmentation of 
company models, such as by employing a contingent of people who labor on demand for a set 
amount of time, such as freelancers (Valsamis et al., 2016).

The rapid spread and acceptance of ICTs such as cellular phones is fueled by a range of types 
and prices of cellular phones that make them affordable to low-income individuals, as well as 
a reduction in cellular tariffs as a result of fierce rivalry among cellular phone carriers. Most people, 
even workers in the informal sector such as small dealers and housewives, can utilize user-friendly 
cellular phones because they just require basic literacy. Cell phones help informal workers save 
time and money by replacing travel with phone calls, which speeds up information flow and 
decision-making. Furthermore, it will be able to access a larger number of clients for the sale of 
goods and services, as well as for the acquisition of raw materials. Cell phones are used by many 
small traders, retailers, carpenters, and other informal workers to manage their businesses.

Technological advancement is the cause of rising economic inequality in diverse countries. The 
increase in the Gini ratio—a measure of income distribution—during the early 1980s may be attrib
uted to technological advancements (Jaumotte et al., 2007). The worldwide Gini ratio has declined in 
recent years, from 0.80 in 1988 to 0.65 in 2013, indicating a decrease in global inequality between 
countries (World Bank, 2017). However, income inequality has increased in the majority of the 51 
nations studied (Jaumotte et al., 2013). This phenomenon presents a paradox: do ICTs drive economic 
growth and lead to a reduction in global inequality while at the same time contributing to an increase 
in domestic income inequality? Despite the contradiction, the impact of ICTs on income growth and 
poverty reduction is obvious, and more adoption of ICTs by low-income groups will accelerate income 
growth at the bottom of the economic pyramid (Pepper & Garrity, 2015).

The purpose of this research is to explore if the informal sector’s adoption of ICT has a positive 
impact on income distribution in Indonesia, as well as to investigate the critical mass or threshold 
for ICT to reduce income inequality. Indonesia is an essential research topic because it is Southeast 
Asia’s largest internet market. Indonesia is the world’s fourth most populous country, with 
270.2 million people (BPS, 2021). Indonesia is not only the largest ASEAN economy ($1.1 trillion 
nominal GDP), but it is also the only Southeast Asian country to rank among the world’s top 15 
economies. However, the high GDP has not been matched by an even distribution of income.

Figure 1 shows that the contradiction at the world level also occurred in Indonesia, where 
national inequality fell but increased in some provinces as ICT adoption expanded, such as 
computer ownership, cellular phone ownership, and internet use. In Indonesia, the Gini ratio 
decreased from 0.406 in 2014 to 0.381 in 2020. In West Nusa Tenggara province, the Gini ratio 
increased from 0.377 in 2014 to 0.38 in 2020. The Gini ratio in the Yogyakarta province is the 
highest in Indonesia, where the value tends to fluctuate from 2014 to 2020. ICT indicators such as 
the percentage of individuals who own cellular phones, individuals who use the internet, and the 
percentage of households with computers have increased from 2014 to 2020. In Indonesia, the 
number of informal workers decreased from 57.92% in 2014 to 55.88% in 2019. However, this 
figure increased in 2020 to 60.47% due to the impact of the COVID-19 pandemic. This pattern also 
occurs in Yogyakarta, West Nusa Tenggara, and other provinces. So, it is obvious that the big 
challenge for Indonesia is to take advantage of ICT advances to reduce income inequality for 
a huge population spread across the sprawling archipelago nation.

This study varies from the few other studies on ICT and inequality in three major respects. First, the 
impact of ICT on inequality is investigated through the informal sector’s adoption of ICT. It is based on 
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recent data from 460 districts/cities in Indonesia, an unusual research scale. Previous studies esti
mating the role of ICT on income distribution through the transmission of education and lifelong 
learning were conducted by Tchamyou et al. (2019a), financial access by Tchamyou et al. (2019a), 
financial inclusion by Mushtaq and Bruneau (2019), the informal sector by Dell’anno and Solomon 
(2014) at the country level and several studies examine direct effect of ICT on inequality, such as the 
study by Jing et al. (2019) and Richmond and Triplett (2018). Second, we employ three ICT indicators: 
the regional ICT development index, computer penetration, and mobile cellular penetration. Previous 
studies such as Dell’anno and Solomon (2014) used the ratio between investment in telecoms with 
private participation and GDP; the number of Internet users per 100 people; and the ratio of patent 
applications by patent office as a proxy of ICT. Tchamyou et al. (2019b) measured ICT using mobile 
phones, the internet, and a fixed broadband subscription. The study’s findings reveal how the three 
ICT indicators have diverse implications on inequality. Third, we estimate the ICT threshold for mobile 
cellular penetration, where if mobile cellular penetration surpasses the threshold then ICT adopted by 
the informal sector will have a favorable influence on inequality in Indonesia. This study is different 
from previous studies that estimate the critical mass of telecommunications infrastructure on eco
nomic growth (Roller & Waverman, 2001); critical mass broadband infrastructure investments on 
economic growth (Koutroumpis, 2009); and ICT thresholds to mitigate inequality in order to enhance 
gender economic participation (Asongu & Odhiambo, 2020).

2. Literature review

2.1. ICT and the informal sector
Technology diffusion will have a significant effect on ICT’s impact on the informal sector, especially 
in rural areas, household-based companies, and small-scale producers and service providers, 
where informal employment is most widespread (Bruckner et al., 2017). In the informal sector, 
ICT can have a range of implications. First, ICT can boost the amount of output in homes and small 
businesses, leading to the creation of new businesses. The use of ICTs can also help the formal 
sector grow while the informal sector shrinks in both relative and absolute terms (Garcia-Murillo & 
Velez-Ospina, 2017; La Porta & Shleifer, 2014; Mbuyisa & Leonard, 2016). Second, ICTs such as cell 
phones help rural and informal employees obtain critical information about prices and market 
conditions, as well as keep in touch with customers, hence increasing revenue potential and 
opportunities to transition into the formal sector (Bruckner et al., 2017). However, in both devel
oped and developing nations, the increased use of digital platforms is resulting in the introduction 
and quick rise of new informal jobs (ILO, 2016).

2.2. Informal sector and income distribution
The informal sector has the potential to sway income distribution. Workers in the informal sector 
are under-protected, without a formal work contract, and do not pay taxes, decreasing the 

Figure 1. Trend of Gini ratio, 
informal workers, and ICT indi
cators, 2014–2020.
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effectiveness of the government’s redistributive programs. A sufficiently high level of informality 
will reduce government revenues and put pressure on public finances, reducing the standard and 
quantity of products available to the general public (Gërxhani, 2011; Schneider & Enste, 2000) and 
possibly increasing income inequality (Belev, 2003; Chong & Gradstein, 2007; Rosser et al., 2000). 
The informal economy, specifically, causes challenges since informal employees and manufac
turers don’t pay taxes and instead use public services for free. Within the provision and allocation 
of public resources, this can be a source of inefficiency. Insufficient public investment in physical 
(infrastructure), human (education, research), and social capital (poverty programs, judicial sys
tem) is hampered by lower tax revenues (Dell’anno, 2016).

On the other hand, the informal sector has the potential to supply jobs and boost income for 
people (Smith, 2002), particularly for the poor (Huynh & Nguyen, 2020). The informal sector 
absorbs unemployment from the formal sector, provides a source of income, and allows unskilled 
employees to build human capital. Informal activities, in this scenario, provide employment for 
people with low incomes and few job opportunities. Thus, the informal sector can have a positive 
impact on income distribution (Eilat & Zinnes, 2002).

A previous study on the relationship between the informal sector and income distribution 
produced mixed results, which could be owing to difficulties in measuring income distribution 
and informal sector proxies, as well as the nonlinear interaction between variables. Several studies 
showed positive relationships (Chong & Gradstein, 2007; Rosser et al., 2000); negative relationships 
(Dell’anno, 2016); insignificant results (Eilat & Zinnes, 2002); or ambiguous results (Dell’anno & 
Solomon, 2014). Elgin and Elveren (2021) showed a negative correlation in developed nations and 
a positive correlation in developing countries. However, Romero (2007) found a positive correlation 
in developed countries and a negative correlation in developing countries.

3. Methodology

3.1. The regional ICT development index: factor analysis
ICTs are a vector of social development and change (Sujarwoto & Tampubolon, 2016) as they 
expand access to basic services for people (Falch & Henten, 2018) and generate new work 
opportunities. ICT encompasses not only access and infrastructure but also the use of ICT for 
a wide range of activities (Alizadeh & Farid, 2017; Goncalves et al., 2018; Van Deursen et al., 2015). 
In order to classify the interdependencies between all of the ICT variables, we thus employ factor 
analysis (FA) to derive a composite indicator named “The regional ICT development index (RIDI)”. 
FA is a multivariate statistical technique that allows for the study and detection of interdepen
dencies between a large number of variables by aggregating them using common and special 
factors that are not explicitly observable. FA is a particularly suitable statistical method for 
analyzing digital development (Corrocher & Ordanini, 2002; Cruz-Jesus et al., 2012, 2016; Lucendo- 
Monedero et al., 2019; Song et al., 2020). We can see the KMO and Bartlett’s test, eigen values, 
component loadings, and weights for indicators used to compute RIDI in Appendix Tables A1-A3, 
respectively. Table 1 shows the variables that make up the RIDI based on Susenas data. On the 
other hand, consistent with the literature on ICT (Adams & Akobeng, 2021; Asongu et al., 2019; 
Asongu et al., 2020), we also proxy ICT measures with mobile cellular penetration rate per 100 
inhabitants and the percentage of households with a computer at home (computer penetration 
rate).

3.2. Model specification
To investigate the impact of ICT and the informal sector (IS) on income inequality, we use a two- 
step system Generalized Method of Moments (GMM) estimate technique. It is based on Roodman 
(2009), which is a follow-up to Arellano and Bover (1995). We introduce an interaction term 
between IS and ICT to illustrate that ICT allows the IS to reduce income inequality. The selection 
of the GMM as an empirical technique in our investigation is motivated by three factors: first, the 
structure of the panel data in this study is consistent with the GMM, so that cross-country 
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variations are not excluded. Second, the number of cross sections (N) in this study is greater than 
the number of time series (T), with N = 460 and T = 3, indicating that the GMM conditions are met. 
The empirical model is estimated for 460 districts/cities for the periods 2015, 2017, and 2019. 
Third, GMM is a robust technique because it controls endogeneity through instrumentation (simul
taneity) and takes into account time-invariant omitted variables. This method also limits over- 
identification and allows for cross-sectional dependencies to be controlled (Baltagi, 2008). 
According to Brambor et al. (2006), the constituent pieces have all been integrated into the 
specification. In this work, a two-step technique is employed to control for heteroscedasticity 
because the one-step procedure only takes into consideration homoscedasticity. At the level 
(equation 1) and first difference (equation 2), the estimation technique can be expressed as 
follows: 

Table 1. Variables used to construct RIDI

Category
Variable and Unit of 

Measurement Support
Access (1) Mobile-cellular subscriptions 

per 100 inhabitants
ITU (2016); Cruz-Jesus et al. 
(2016); Thompson Jr & Garbacz, 
(2011); Harwit, (2004); Nishida 
et al. (2014); Pick et al. (2015)

(2) Percentage of household with 
the computer at home

ITU (2016); Billon, et al. (2009); 
Chinn & Fairlie, (2007); Cruz-Jesus 
et al. (2016); Cuervo & Menéndez, 
(2006); Loo & Ngan, (2012); Yang 
et al. (2013)

(3) Percentage of household with 
the access to the internet at 
home

ITU (2016); Lucendo-Monedero 
et al. (2019); Brandtzæg et al. 
(2011); Cruz-Jesus et al. (2012); 
Cruz-Jesus et al. (2016); Cuervo & 
Menéndez, (2006); Vicente & 
Lopez, (2011)

Use (4) Percentage of individuals who 
use the internet (last 3 
months)

ITU (2016); Lucendo-Monedero, et 
al. (2019); Marco, et al. 2009; Cruz- 
Jesus et al. (2012); Cruz-Jesus 
et al. (2016); Vicente & Lopez, 
(2011)

(5) Internet expenditures per 
month per family (Rupiah)

Lenhart et al. (2003); Martin, 
(2003); Wang et al. (2016); Nishida, 
et.al (2014)

(6) Mobile phone credit expendi
tures per month per family 
(Rupiah)

Harwit, 2004; Lenhart et al. 2003; 
Martin, (2003); Wang et al. (2016); 
Nishida, et. al (2014)

(7) Percentage of individuals par
ticipating in social networks 
(Facebook, Twitter, Whatsapp, 
Instagram, etc.)

Lucendo-Monedero et al. (2019); 
Song, et al. (2019); Pick, et al. 
(2015); Zhu & Chen, (2016); 
Nishida, et al. (2014)

(8) Percentage of individuals who 
use e-commerce

Lucendo-Monedero et al. (2019); 
Zhu & Chen, (2016); Blank & 
Groselj, (2014); Vicente & Lopez, 
(2011)

(9) Percentage of individuals who 
use e-banking

Lucendo-Monedero et al. (2019); 
Zhu & Chen, (2016)

(10) Percentage of individuals 
who use internet to access 
the information

Büchi et al. (2015); Blank & Groselj, 
(2014)

Source: own preparation. 
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where, PRi;t is the palma ratio as a measurement of income inequality of district i in period t; IS is 
the informal sector (percentage of informal workers); ICT represents ICT indicators (RIDI, mobile 
cellular penetration rate and computer penetration rate); Inter is the interaction between IS and 
ICT IS� ICTð Þ; W represents the vector of control variables (gross regional domestic product per 
capita, mean years of schooling and the number of productive age population); β0 is a constant; τ is 
the lagging coefficient (due to issues in degree on freedom, it is equal to one in this study); �tis the 
time-specific constant; ηi is the district-specific effect, and εi;t is the error term.

We adopt the Palma ratio as a measure of income inequality, as recommended by the literature on 
inequality Asongu et al., 2019, , 2020; Ofori et al., 2022a; 2022c; Ofori et al., 2021). Because the population 
in between (deciles 5–9) is mostly steady or not vulnerable to change, the Palma ratio gauges the income 
share of the richest 10% to the poorest 40%. This is clearly not the same as computing the Gini ratio, 
which is more sensitive to changes in the middle-income group’s income distribution. The Palma ratio 
focuses on income changes at the top and bottom of the income scale (Cobham et al., 2016). We use the 
Gini ratio as an alternative measure of income inequality to evaluate the robustness of our estimates of 
the Palma ratio, as recommended by Ofori et al. (2022c).

We control for characteristics that could potentially affect income inequality, such as gross regional 
domestic product (GRDP) per capita, mean years of schooling (education), and the number of produc
tive age populations (15–64 years). Following the seminal work of Kuznets (1963), we model income 
inequality as a function of average income measured by GRDP per capita. We also include education in 
our model because education is an efficient way to mitigate inequality (Abdullah et al., 2015; Tchamyou 
et al., 2019b). Based on previous studies, it is stated that population aging is the key factor contributing 
to income inequality in East Asia, Japan, and Korea (Deaton & Paxson, 1997, 1998, 2000; Ohtake & 
Saito, 1998; Richmond & Triplett, 2018; Zhan et al., 2021). Since income inequality is greater among the 
elderly than among the young and middle-aged, an increase in the proportion of the elderly (population 
aging) may worsen national income inequality (Shirahase, 2015). The study by Richmond and Triplett 
(2018) used the percentage of the population aged 65 years and over in the model. Unlike prior 
research, this one takes a look at the productive-age population (15–64 years). The productive age 
population in Indonesia reaches 70.72 percent (BPS, 2021). It is hypothesized that the productive age 
population can reduce income inequality.

3.3. Data and variables
We analyse a sample of 460 Indonesian districts/cities from 2015 to 2019. Three data sources are 
used: (i) the National Socioeconomic Survey (Susenas) for income inequality and ICT variables; (ii) 
the National Labor Survey (Sakernas) for the percentage of people working in the informal sector; 
and (iii) data from the Indonesian Statistics Agency (BPS) for GRDP per capita, mean years of 
schooling, and the number of productive age population (15–64 years). The descriptive statistics for 
the variables are presented in Table 2.

4. Results and discussion

4.1. Indonesia’s regional ICT development index
According to the calculated RIDI, ICT development inequality at the Indonesian district level has 
decreased significantly between 2015 and 2019. Figure 2 shows the significant differences in ICT levels 
between Indonesian districts. In 2015, the RIDI score for Jakarta Selatan, Yogyakarta, and Tangerang 
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Selatan was 5.96, almost double the national average. On the other hand, the RIDI score of NTT 
Province’s Sabu Raijua, Sumatera Utara Province’s Nias Selatan, and Papua Province’s Pegunungan 
Bintang were less than 2, or almost half of the national average. Regarding the spatial distribution, the 
ICT level in East Indonesia is relatively low, and the densely populated areas in West Indonesia have 
a relatively high ICT level. Districts/cities with high RIDI scores were concentrated in western locations 
such as Java, some districts in Sumatra, and central regions such as East Kalimantan. Low RIDI 

Table 2. Summary statistics (2015–2019)

Variable Obs Mean Std. Dev Min Max
Coef. 

Variation
Palma ratio 1,380 4.24 1.15 1.63 9.95 0.27

Gini ratio 1,380 0.33 0.05 0.21 0.52 0.16

RIDI 1,380 4.10 0.96 1.96 6.52 0.23

Computer 
penetration

1,380 19.56 10.29 2.67 57.50 0.53

Mobile 
cellular 
penetration

1,380 52.92 10.17 8.48 78.73 0.19

Informal 
employment

1,380 60.01 15.34 16.50 93.79 0.26

GRDP per 
capita

1,380 52.12 60.28 9.61 760.27 1.16

Education 1,380 8.23 1.47 2.06 12.64 0.18

Population 1,380 374.25 447.65 13.99 4,004.62 1.20

This table provides the descriptive statistics for the data of 460 districts/cities in Indonesia over the period 2015 to 
2019. 
The summary statistics are based on the raw data. 

Figure 2. The regional ICT 
development index, 2015 & 
2019.
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districts are mainly located in mountainous rural areas, extended areas, remote areas and archipelago 
such as Pegunungan Bintang, Sabu Raijua, South Nias, Mentawai Islands, Aru Islands.

Between 2015 and 2019, ICT development spread across the whole western region, starting in 
the core areas covered by the DKI Jakarta Province, Tangerang Selatan, Yogyakarta, Banda Aceh, 
and Samarinda, and eventually moving to the central and eastern regions. Western areas had high 
ICT levels throughout this time, and the RIDI score of provincial capital cities remained much 
higher than the rest of the provinces. Finally, ICT improvement shifted steadily from core cities to 
surrounding cities/districts between 2015 and 2019.

The findings reveal that between 2015 and 2019, the gap in Indonesia’s ICT development has shrunk 
significantly. Between Jakarta Selatan (highest) and Pegunungan Bintang (lowest), the absolute RIDI 
difference is 4.12, corresponding to a three-fold relative difference. The RIDI difference between 
Yogyakarta (highest) and Pegunungan Bintang (lowest) was reduced to 1.8 times in 2019, resulting in 
a relative difference of 2.88. The district ICT divide in Indonesia has generally continued to narrow, as 
shown by both the RIDI relative gap and coefficient of variation (CV). There was a noticeable decrease in 
CV from 0.241 in 2015 to 0.114 in 2019. Districts/cities that are less developed expand more quickly than 
those that are more developed. RIDI grows at a 3.56 percent yearly pace in developed cities, but at 
a 13.79 percent rate in less developed areas. This pattern indicates that less developed districts are 
catching up to highly developed cities, or that Indonesian regions are convergent. By establishing an 
economic network of cities using ICT, the economic distance between developed and less developed 
cities can be efficiently reduced. This result is in line with Chen and Ye (2021) and Kartiasih et al. (2022,  
2023) who found that less developed cities prefer the ICT dividend over developed ones. This may not be 
aligned with the results of relevant studies on countries. Developed countries with higher incomes have 
a higher ICT development status and receive more ICT dividends than undeveloped countries (Doong & 
Ho, 2012; Haini, 2020). Saba and David (2020) discovered panel convergence at both the global (205 
countries) and regional levels (except for Sub-Saharan Africa and South Asia, which exhibited 
divergence).

4.2. The role of ICT and informal sector on income distribution
The empirical results are presented in Table 3 and are based on the two-step system GMM 
methodology. The Hansen test for instrument validity and the serial correlation test for second- 
order serial correlation are used to validate our equation specification for regression. The results of 
the tests indicate that our instruments are reliable and that our estimation does not contain any 
evidence of second-order serial correlation. The definitions of variables having Palma ratio as 
a dependent variable are listed in the first column. The results are presented in Table 3, which is 
organized so that each ICT indicator has three different types of specifications. The first is an RIDI, 
the second is a computer penetration, and the third is a cellular penetration.

The findings demonstrate that RIDI and computer penetration have a direct positive and substantial 
impact on income inequality, but mobile cellular penetration has a direct negative and significant 
impact. The net impact of ICT in modulating the influence of the informal sector on income inequality 
is calculated in order to determine the overall incidence of ICT in modulating the effect of the informal 
sector on income inequality. For instance, in the fourth column of Table 3, the net impact from the role of 
mobile cellular penetration in modulating the effect of informal sector on Palma ratio 
is� 0:23963 � 0:0119� 52:92½ � þ 0:3901ð Þ. The mean value of mobile cellular penetration is 52.92; the 
unconditional influence of the informal sector is 0.3901; and the interactive effect of mobile cellular 
penetration and the informal sector is� 0:0119 in this calculation. In the summary statistics, the mean 
value may be obtained (Table 2). Otherwise, the contribution of the RIDI and computer penetration in 
reducing the impact of the informal sector on income inequality are insignificant. This could imply that 
the factors have not yet achieved the threshold needed to have a favorable impact on income distribu
tion. All of the control variables, such as GRDP per capita, education, and population, are statistically 
significant in terms of lowering income inequality.
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Negative conditional or interaction effects are linked to net positive income distribution effects. As 
a result, the negative conditional effects suggest that increasing ICT dynamics above a certain threshold 
can entirely reduce the accompanying positive unconditional benefits, therefore nullifying the net 
beneficial impacts. The story on critical mass or thresholds is consistent with recent development 
literature, which is based on interactive regressions (Asongu et al., 2019, 2020; Batuo, 2015).

Based on the previous narrative, the positive threshold in Table 3‘s fourth column is 32.78 (0.3901/ 
0.0119) mobile cellular penetration per 100 people. Hence, at this mobile cellular penetration threshold, 
the corresponding net effect on income distribution becomes 0 � 0:0119� 32:78½ � þ 0:3901ð Þ. 
Therefore, above the established threshold, mobile cellular penetration modulates informal sector to 
reduce income inequality. Furthermore, this policy threshold should be within the statistical range (i.e., 
minimum to maximum) revealed in the summary statistics to make economic sense and have mean
ingful policy relevance. As a result, the established threshold is realistic because the minimum and 
maximum mobile cellular penetrations are 8.48 and 78.73, respectively. As a result, ICT needs to be 
improved above established thresholds in order to completely reduce the positive unconditional impacts 
of the informal sector on income inequality, resulting in overall negative net effects on income 
inequality.

Overall, it is apparent from the findings in Table 3 that ICT modulates the informal sector to 
engender positive synergy effects on income inequality. Positive synergy effects build on the 
perspective that the informal sector’s conditional (i.e., interactive) effects on income inequality 
are negative. This conception of synergy is in line with the current literature on interaction 
regressions (Ofori & Asongu, 2021; Oforiet al., 2022a; 2022c).

Table 3. Results on the effects of ICT and the informal sector on income inequality (Dependent 
variable: Palma ratio)
Dependent variable: 
Palma ratio RIDI

Computer 
penetration

Mobile cellular 
penetration

Palma (−1) 0.2376 (0.081)*** .2752 (.080)*** .2898 (.081)***

RIDI 0.2843 (0.025)** — —

Computer — .0514 (.022)** —

Mobile cellular (Mobcell) — — −.0762 (.021)***

IS 0.0851 (0.169) * .2272 (.112)** .3901 (.224)*

IS x RIDI −0.0029 (0.216) — —

IS x Computer — −.0013 (.184) —

IS x Mobcell — — −.0119 (.003)***

GRDP per capita −0.2157 (0.056)*** −.2008 (.058)*** −.1782 (.059)***

Education −0.3039 (0.086)*** −.1321 (.048)*** −.3506 (.091)***

Population −0.3543 (0.110)*** −.2574 (.102)** −.2096 (.111)*

Constant 5.5626 (1.146)*** 4.3712 (.706)*** 8.1202 (1.369)***

Observations 1372 1372 1372

Districts/cities 460 460 460

Instruments 12 12 12

Fisher 3136.44*** 3029.84*** 2862.94***

Joint Significance Test 
Statistic

4.61** 6.85** 9.33**

Hansen J-test p-value 0.668 .477 .508

AR(1) 0.185 .189 .191

AR(2) 0.534 .301 .443

Standard error in parentheses; ***, **, *: significance level at 1%, 5% and 10%, respectively. 
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Why do the RIDI and computer penetration have a different impact on income inequality than 
mobile cellular penetration? This could be due to a number of factors, the first of which is that the RIDI 
and computer penetration of districts/cities in Indonesia has not yet reached a certain point or 
threshold, preventing it from providing benefits or modulating the informal sector to lessen income 
inequality. The mean of the three variables reflects this. In 2019, the mean RIDI was 4.10, and 
computer penetration was only 19.56, far lower than the mean cellular phone penetration of 
52.82 per 100 people. Second, there is a relatively high disparity in the RIDI and computer penetration 
amongst Indonesian districts/cities, exacerbating income inequality. The computer penetration coef
ficient of variation (CV) is 0.53, whereas the CV of mobile cellular is 0.19 (see Table 2). According to 
Lindsay (2005), advancements in ICT design may have an impact on income distribution in an 
environment where there is inequality of opportunity in terms of class, gender, education, and income. 
This is the so-called Matthew Effect, in which those who “have” expand their opportunities while those 
who “don’t” feel progressively disempowered and alienated from society (Tewathia et al., 2020).

It is also necessary to pay close attention to the behavior or activities carried out by informal 
workers when accessing the internet. In Figure 3, it can be seen that informal workers who access the 
internet using computers were 37% in 2015 and decreased to 19% in 2019. Internet use in 2019 was 
mostly used to access information (27%), social media (27%), and entertainment (16%). The remain
der is used to send or receive email, e-commerce, and e-banking, respectively, at 11%, 9%, and 9%.

On the other hand, informal workers accessing the internet using cellular phones was 63% in 2015 and 
increased to 81% in 2019. The composition of internet activities using mobile cellular is not much 
different from computers. However, the use of the internet for social media is higher, while for sending 
or receiving email, e-commerce, and e-banking, the proportion is lower. In the informal sector, the use of 
mobile phones dominates computers. Mobile phones are more popular among informal laborers since 
they are more user-friendly, have lower pricing, and do not require special expertise to operate.

Figure 3. Informal workers’ 
Internet usage by device and 
activity, 2015 & 2019.

Source: Processed from 
Susenas
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When ICT is employed for productive purposes, both employers and informal employees benefit. 
They use social media to purchase and sell items as well as promote them. Homestay owners and 
small travel companies can offer their services to travelers through social media platforms such as 
Facebook. Small businesses and home-based food businesses can better engage with their custo
mers by using WhatsApp or Instagram. In terms of payments, small traders and street vendors 
accept non-cash payments, where customers can pay via e-wallets such as OVO, GoPay, LinkAja, 
and DANA. The purchasing and selling procedure has been shortened and simplified thanks to 
mobile cellular-based money transfer and transaction services. As a result, making technology 
more accessible can help informal firms compete not only with one another but also with formal 
ones (Bhattacharya, 2019; Chen, 2016). As a result, ICT adoption in the informal sector will improve 
Indonesia’s income distribution.

4.3. Robustness checks: results using Gini ratio as dependent variable
We also employ the Gini ratio as an alternative income inequality indicator to evaluate the 
robustness of our estimates. Our estimates as reported in Table 4 are consistent with the main 
results (i.e., the Palma ratio estimates) reported in Table 3. For instance, we find that RIDI and 
computer penetration are positive and statistically significant, suggesting that both variables 
worsen income inequality in Indonesia. On the other hand, mobile cellular penetration is 
negative and statistically significant, suggesting that mobile cellular penetration reduces 
income inequality. Similar to our results on the Palma ratio, all of the control variables, such 
as GRDP per capita, education, and population, are statistically significant in terms of reducing 
income inequality.

Table 4. Results on the effects of ICT and the informal sector on income inequality (Dependent 
variable: Gini ratio)
Dependent variable: 
Gini ratio RIDI

Computer 
penetration

Mobile cellular 
penetration

Gini (−1) 0.2423 (0.109)** .2589 (.052)*** .3156 (.111)***

RIDI 0.0071 (0.012)* — —

Computer — .0030 (.002)* —

Mobile cellular (Mobcell) — — −.0034 (.001)***

IS 0.0130 (0.009) * .0025 (.008)* .0329 (.014)**

IS x RIDI −0.0050 (0.015) — —

IS x Computer — −.0078 (.004) —

IS x Mobcell — — −.0006 (.002)***

GRDP per capita −0.0029 (0.004)* −.0036 (.004)* −.0017 (.004)*

Education −0.0114 (0.005)** −.0042 (.003)* −.0128 (.005)**

Population −0.0122 (0.008)* −.0058 (.007)* −.0042 (.009)*

Constant 0.3547 (0.067)*** .2589 (.053)*** .4515 (.090)***

Observations 1372 1372 1372

Districts/cities 460 460 460

Instruments 12 12 12

Fisher 3389.27*** 3714.86*** 312.57***

Joint Significance Test 
Statistic

4.32** 5.74** 8.16**

Hansen J-test p-value 0.456 .516 .475

AR(1) 0.180 .183 .188

AR(2) 0.234 .255 .387

Standard error in parentheses; ***, **, *: significance level at 1%, 5% and 10%, respectively. 
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The results show that the interaction between mobile cellular penetration and the informal 
sector is relevant to reducing income inequality, as we found in Table 3. The net impact of the 
role of mobile cellular penetration in modulating the effect of the informal sector on the Gini 
ratio is � 0:02785 � 0:0006 � 52:92½ � þ 0:0329ð Þ. The mean value of mobile cellular penetration is 
52.92; the unconditional influence of the informal sector is 0.0329; and the interactive effect of 
mobile cellular penetration and the informal sector is� 0:0006 in this calculation. These results 
indicate that additional income inequality-reducing effects of the informal sector can be 
attained with ICT utilization.

As shown in the fourth column of Table 4, the positive threshold is 54.83 (0.0329/0.0006) mobile 
cellular penetration per 100 people. Hence, at this mobile cellular penetration threshold, the correspond
ing net effect on income distribution becomes 0 � 0:0006� 54:83½ � þ 0:0329ð Þ. Therefore, mobile pene
tration above the set threshold reduces income inequality by modulating the informal sector. The 
specified threshold is reasonable because the minimum and maximum mobile cellular penetrations 
are 8.48 and 78.73, respectively. Overall, we show that ICT forms significant synergy with the informal 
sector, and this can prove useful for reducing income inequality in Indonesia.

5. Conclusions
The study assesses how ICT modulates the effects of the informal sector on income inequality in 
a panel of 460 districts/cities in Indonesia over the period 2015–2019. The three ICT indicators 
used are: RIDI, computer penetration, and mobile cellular penetration. The two-step system 
Generalized Method of Moments is used for the empirical analysis.

This study makes three contributions to Indonesia’s regional literature on income inequality. 
First, this study analyzes the impact of ICT on inequality in the informal economy. It is based on 
recent data from 460 Indonesian districts/cities, which is an exceptional research scale. Previous 
studies estimating the role of ICT on income distribution through the transmission of education 
and lifelong learning were conducted by Tchamyou et al. (2019b), financial access by Tchamyou 
et al. (2019a), financial inclusion by Mushtaq and Bruneau (2019), and the informal sector by 
Dell’anno and Solomon (2014) at the country level. Second, we employ three ICT indicators: the 
regional ICT development index, computer penetration, and mobile cellular penetration. Third, we 
estimate the threshold for ICT to reduce income inequality.

The findings reveal that the RIDI and computer penetration directly aggravate income 
inequality, but mobile cellular penetration reduces it. Because the threshold has not yet been 
reached, the RIDI and computer penetration have not been able to deliver benefits to income 
distribution. It is also discovered that negative net effects in the role of mobile cellular 
penetration in modulating the effect of informal sector on income inequality is significant. 
Fortunately, the corresponding conditional or interaction effects are favourable, indicating that 
increasing ICT beyond certain thresholds might cancel out the positive unconditional effects of 
the informal sector on income inequality, changing the signs of established net effects. As 
a result, with the defined ICT thresholds, improving ICT has a broader impact on modulating 
informal sector dynamics and reducing income inequality in Indonesia. The minimum ICT 
threshold for the reduction of income inequality is 32.78 mobile cellular penetration per 100 
people. Overall, we show that ICT modulates the informal sector to engender positive synergy 
effects on income inequality.

This study has several limitations. The first is related to sample limitation. In Indonesia, 
there are 514 districts, yet we could only quantify 460 of them. There was no data for the 
remaining 54 districts, mostly expanded districts. The second is the small number of variables 
used to construct RIDI (only 10). If more variables or indicators were available, statistical 
analysis of the ICT development of Indonesian districts would be more accurate and robust.
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The findings suggest that it is imperative to enhance ICT penetration to modulate the informal 
sector to effectively reduce income inequality. Since the significant progress in ICT is beneficial to 
districts and cities, we recommend that central and local governments increase their investments 
in ICT infrastructure. Also, we recommend that the central government further promote 12-year 
compulsory education to ensure citizens have basic knowledge and skills regarding ICT use. 
Investing in education and better ICT access will, in the long run, reduce inequality. In addition, 
a policy framework favoring ICT might be supplemented by policies to encourage the formalization 
of the informal sector. Several policy efforts to support this are by providing broad access to 
relevant digital content, easy access to business credit, and facilitating other financial access so 
that the informal sector can increase its business scale (Bhattacharya, 2019; Nguimkeu & Okou,  
2021). With such a supportive policy environment, ICT penetration thresholds may be lower than 
previously estimated.
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Appendices

Table A1. KMO and Bartlett’s test
2015 2017 2019

Kaiser-Meyer-Olkin sampling adequacy 
measure

0.907 0.922 0.902

Bartlett’s sphericity 
test

Approximate chi- 
square

9583.494 8512.239 7077.127

df 45 45 45

Sig. 0.000 0.000 0.000

Source: own preparation. 

Table A2. Eigen values and share of variance explained for RIDI, 2019

Sub-Index Component Eigenvalues

Share of 
variance 

explained (%)

Cumulative 
share of 
variance 

explained (%)
ICT access Component 1 2.070 68.991 68.991

Component 2 0.716 23.860 92.851

Component 3 0.214 7.149 100.000

Bartlett’s test Chi-Sq (524.158) (p-value = 0.000)

ICT use Component 1 2.960 70.853 70.853

Component 2 0.516 21.664 92.517

Component 3 0.254 3.623 96.141

Component 4 0.124 1.776 97.916

Component 5 0.100 1.423 99.339

Component 6 0.038 0.545 99.884

Component 7 0.018 0.116 100.000

Bartlett’s test Chi-Sq (5389.003) (p-value = 0.000)

Extraction method: Principal component analysis. Source: own preparation. 
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Table A3. Component loadings and weights for indicators for used to compute RIDI

Index Sub-Index Weight (%) Indicator
Component 

loadings Weight (%)
RIDI ICT access 50 Mobile cellular 

subscriptions 
per 100 
inhabitants

0.900 33.33

Percentage of 
household with 
the computer at 
home

0.908 33.33

Percentage of 
household with 
the access to 
the internet at 
home

0.860 33.33

ICT use 50 Percentage of 
individual who 
use the internet

0.968 14.29

Internet 
expenditures 
per month per 
family

0.905 14.29

Mobile cellular 
credit 
expenditures 
per month per 
family

0.972 14.29

Percentage of 
individuals 
participating in 
social networks

0.972 14.29

Percentage of 
individuals who 
use 
e-commerce

0.936 14.29

Percentage of 
individual who 
use internet 
banking

0.882 14.29

Percentage of 
individual who 
use internet to 
access the 
information

0.956 14.29

Extraction method: Principal component analysis. Rotation method: Varimax with Kaiser Normalization 
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