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.emain focus of this paper is to extend fuzzy regression and its application..erefore, we used nonlinear modeling to investigate
the impact of information and communication technology (ICT) on the Gini coefficient. Hence, we calculated the three borders
upside, medium, and downside of the Gini coefficient. We found no evidence of reduced income inequality when decreasing the
use of ICTgoods. However, with the increased use of ICTs, income inequality decreases over time. Also, the results showed that the
effect of ICTcommodities on the Gini coefficient was the inverted U situation. Understanding this impact is very important from
the perspective of planning and building infrastructure for poverty reduction.

1. Introduction

.is article examines the impact of access to ICT goods on
income inequality. One of the important and influential
factors in income distribution (ID) is ICT, which affects
other economic factors through increasing productivity and
creating efficient employment [1]. Since 1970s, research has
been conducted on the relationship between ICT and the
labor market, which includes the demand for skilled and
unskilled labor and the effect of ICTon wages. According to
the results of these studies, increase in income inequality in
most of the developed countries in the last decade has been
due to wages in ICT-related jobs [2]. ICT reduces the cost of
goods and services by reducing transaction costs and,
consequently, decreasing the cost of goods and services and,
thus, lowering the demand for labor. ICT also reduces costs
by creating new investments and increasing employment,
which can have a positive effect on ID [3]. Also, numerous
studies have been done in recent years that show the con-
sequences of ICT on income inequality [4]. .e concept of

Gini coefficient is used to examine the distribution of in-
come in society..e Gini coefficient which was developed by
Gini [5] can be used, so that graphically, the density ratio of
various species could be placed against density ratio of each
individual or each species. .e Gini coefficient is a statistical
dispersion measurement index that is usually used to
measure inequality in the income or wealth distribution in a
statistical population [5]. As a ratio between 0 and 1, if it is
equal to 0, everyone has the same income and wealth (ab-
solute equality); if it is equal to 1, there is absolute inequality
so that wealth is only in the hands of one person and the rest
has no income [5]. As mentioned, ICT has a huge impact on
income inequality. Some studies have examined the roles
and opportunities that ICTplays in achieving the sustainable
development goals (SDGs) [6].

.e theory of fuzzy sets and fuzzy logic was first in-
troduced by Professor Zadeh in the article entitled “Fuzzy
Sets—Information and Control” in 1965, which was widely
used in modeling uncertainty conditions [7–9]. Most of the
researchers in this area have been focused on developing the
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basic model and query language for modeling in an un-
certain environment. Since then, modeling and regression
analysis in fuzzy environment have been considered by
theoretical and applied researchers [10, 11]. .is paper
presents a modeling framework that allows for evaluating
the relationships between ICT and income inequality. We
consider an application of the fuzzy nonlinear regression
model. One of the reasons for using this model is the
flexibility in estimating Gini coefficient bands. .e impor-
tance of this paper is in comparing the estimating borders
upside, medium, and downside of Gini coefficients ID with
regard to the ICT indicators. .e rest of this research
continues in six sections as follows. Section 2 presents a
review of studies on the Gini coefficient and the ICT. Section
3 focuses on theoretical foundations needed in this research.
Section 4 presents the research methodology. Section 5
shows the application of nonlinear effect modeling of var-
iables in estimating Gini coefficient borders. Section 6
contains the discussion and conclusion.

2. Reviewing of Some Studies on the Gini
Coefficient and the ICT

Many researchers believe that developing ICT has different
effects on income inequality of countries [12]. .e effec-
tiveness of information technology and communications on
income inequality depends on many factors such as eco-
nomic, technological, and organizational background. ICT
can affect ID in three ways. Table 1 summarizes the theo-
retical foundations of the relationship between ICT and
revenue distribution. .e effect of (CT) on income in-
equality depends on several factors such as economic,
technological, and organizational contexts. Based on the
findings in Table 1, ICT can affect income distribution in
three ways (formed by thy authors of this paper).

Firstly, ICT affects the productivity of capital and the
labor force. Changes in the relative productivity of the
factors of production change the demand for capital
and labor, which could affect the perceptions of the
factors of production and consequently the distribution
of income. Using ICT goods in society has reduced
traditional activities in various fields [13, 14]. For ex-
ample, with the entry of ICT goods into the United
States, many jobs are being replaced. Technological
changes can affect the distribution of income through
wages and labor demand. Technological changes and
productivity growth can change the distribution of
income in two main ways. First, income distribution is
affected by the number of jobs available for different
types of labor and their wages so that less labor is
required considering the growth of labor productivity
for producing a certain level of products; if there is
sufficient growth in total demand, higher payment will
be made. However, if macroeconomic demand is not
enough, there will be pressure on employment and
wages. Second, technological change and productivity
growth affect the structure of the skills needed to ac-
quire the workforce. Advanced technologies require

higher skills, and both demographic levels and struc-
tural effects lead to wage changes that will have the
consequences of income inequality [14].
Secondly, ICT increases the possibility of division of
labor and shifts the workforce nationally and inter-
nationally. .erefore, the geographical distribution of
production affects the distribution of income by linking
the labor market to wages in different places. ICTs are
powerful technologies that lead to design of valuable
and complex networks and can use distributed
knowledge and workforce differentiation in produc-
tion. New companies in the digital economy have
consolidated the value of their production networks
nationally and globally. ICT accelerates the process of
globalization, trade between countries, foreign direct
investment and internationalization, and supply
chains. Advanced communication technologies reduce
transaction costs in the production and distribution of
goods and services, together with reduced trans-
portation costs and policy changes, and create a new
part of the international division of labor [15].
.irdly, through digital innovation, ICT simulta-
neously creates high-income jobs and a large number of
low-skilled and low-cost jobs and thus affects the
distribution of income. Numerous studies show that
the rate of digital innovation is affected by techno-
logical opportunities, intensity of market competition,
and ability of companies. Digital innovation has
changed the characteristics and design of goods and
services, production, distribution, production process,
and business models of companies and organizations. It
also affects income distribution in two main ways. One
is that digital innovation changes the relative demand
for capital and labor and, consequently, their salaries
and wages and ultimately affects the distribution of
wealth by affecting the wealth of entrepreneurs. An-
other is that digital economic activities are changing the
shape of the existing production. .e effect of these
developments on income distribution also depends on
several factors such as the speed of change and ten-
dency of the labor force to replace the production of
services instead of the production of goods [15].

Various factors depend on changes in income distri-
bution, such as the speed of change and willingness of the
workforce to substitute in the production process of services
rather than the production of goods [15]. According to a
study by Tang and Dall’erba [16], income inequality and ICT
of China are positively related. One of the major concerns is
the unequal distribution of ICTgrowth based on the number
of Internet users, and such inequalities increase income
inequality and opportunity. Similar studies have shown that
ICT products have a positive relationship with wage in-
equality [17]. .e most recent study is on the relationship
between the impact of ICTand income inequality in ASEAN
countries using data from 2009 to 2018..e results show that
mobile subscription has the greatest impact on income
inequality between ICT indicators [18].
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ICTs influence income distribution directly and indi-
rectly. A diverse pattern of decreases and increases in income
inequality has emerged in parallel with increasing fixed and
mobile connectivity. ICTs rarely are a single cause but in-
teract with other technological, economic, and political
forces to shape the extent of income inequality. Depending
on the constellation of these factors, income inequality may
decrease or increase. Public policy may be able to ameliorate
undesirable outcomes although effective programs will
typically require initiatives that go beyond traditional
measures designed to reduce digital divides. On the other
hand, policy makers aim for a large coverage of high-speed
broadband Internet. However, there is still lack of evidence
about its effects on income distribution. Broadband adop-
tion and quality raise mean income and lower income in-
equality [13].

.e impact of the fifth generation technology standard
for broadband cellular networks (5G) on low-income areas
has been investigated. Results show that the 5G-nodes can
efficiently exploit renewable energy sources to provide the
service. In addition, the monthly subscription fee charged
from users can be kept sufficiently low (especially in low-
income areas), while providing an adequate service to users
[19]. .e increasing importance of advanced technology
such as computers and mobiles especially the Internet ex-
tends the specialized literature by offering potentially new
determinants affecting income inequality. Recent studies
[20, 21] have claimed that technological advances can be
considered as a factor in increasing income inequality. In
line with these studies, the impact of the Internet and mobile
phone dissemination on income inequality around the world
has been investigated. Today, the important impact of new
technologies such as the Internet, mobile phones, and

landlines is well known in society and creates countless
business opportunities [22]. In recent years, the scope of
studies in the field of information technology has increased,
including the relationship between big data technologies
toward various green objectives [23].

3. Theoretical Foundations of the Gini
Coefficient and ICT

Numerous research studies have examined the effects of
economic growth and other economic indicators on income
inequality from different perspectives [4, 19–24]. In general,
the model presented to determine the macroeconomic re-
lationship between ICT, income inequality, and economic
growth is based on the research by Noh and Yoo (2008). In
this model, taking into account a series of assumptions, ICT
was shown to alter the stable relationship between ID and
economic growth.

In other words, the spread of ICTdisrupts the balance of
ID and then impacts economic growth. Access to and use of
ICTmay increase or decrease income inequality. By reducing
transaction costs, ICT will increase the demand for the
product and, thus, the labor force, while affecting the dis-
tribution of income [3]. .e work in [25] was one of the first
studies for investigating the impact of ICT on inequality in
wage pay, and its results showed a relationship between
income and access inequality and ICT use. Also, access to
ICTmay increase or decrease income inequality. Studies in
developed countries show that recent increase in income
inequality in most of the developed countries is due to rising
wages in ICT-related jobs [2]. Studies on the impact of the
Internet and rising productivity and income have shown that
the Internet development in the US has increased the income

Table 1: .e effects of ICT on income inequality by thy authors of this paper.

Type of change inequality
Changes in

Consequences of
reducing inequality

Consequences of increasing
inequality Channels that are affected

Information and
communications
technology

Effects of technology
and productivity
improvement

(i) Economies of scale
(e.g., additive
manufacturing)

(i) High-skill biased
technological mutation

(i) Demand for factors of
production

(ii) Automation and
robotics

(ii) Remuneration of factors
of production

(iii) Artificial intelligence
(AI)

(iii) Increase skills and
increase technology
efficiency(iv) Knowledge gap

Improve working
conditions

(i) Reduction of start-up
costs

(i) Increased national and
international mobility of
resources (i) Wage competition,

mediated by the interaction
with productivity

(ii) Ability to work
remotely (ii) Acceleration of

technology transfer cycle(iii) Highly automated
production

Digital innovation

(i) Low start-up costs of
digital innovation (i) Winner takes all effects (i) Organization of value

generation

(ii) Ease of entry into
platform economy

(ii) Demonetization
(ii) Appropriation of rents by
those who control
information

(iii) Discriminating
algorithms
(iv) Costs of goods and
services
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of some people by affecting productivity [25]. Experimental
evidence also suggests that ICT indirectly leads to increased
income and reduced inequality by affecting labor produc-
tivity and economic growth [26]. .e results of other studies
[1] demonstrate that the ICT development enhances em-
ployee productivity and may reduce inequality. Also, the
growth of national income and therefore per capita income
is clearly the main driver of direct ICT development. It
should be noted that the impact of national income growth
on ICT development depends on other factors and condi-
tions of society. .at is why the same level of national in-
come can achieve different levels of ICT development, so
income inequality will increase the digital division [1].
Studies in [26, 27] have shown that income and education
levels are the effective factors in accessing and utilizing ICT.
It is therefore reasonable to expect that ICT development is
influenced by the interrelationship of income inequality and
ICTadoption. Many studies confirm the effectiveness of ICT
through increased productivity and reduced transaction
costs [27, 28] and believe that there is a collection of evidence
that ICT acts as a substitute for labor and capital inputs,
which creates benefits for consumers and producers [4].

In recent studies [22], examining the impact of the
Internet and income inequality and social and economic
challenges in society has been addressed. Various patterns of
decreasing and increasing income inequality have been
presented in parallel with increasing mobile and fixed
communications. Also, ICT influences ID and is rarely a
factor in income inequality that interacts with the technical,
economical, and political forces to shape income inequality.
In this context, public policy of the government may im-
prove undesirable consequences [22]. Blinder and Esaki [22]
used the dynamic model to examine the impact of the ICTs
and distribution of income. .e results of this study showed
that ICTs affected the direct and indirect distribution of
income. .ere was a decrease and increase in income in-
equality as fixed telephone subscriptions and mobile cellular
subscriptions increase. Results of studies [4, 10] showed that
digital intermediaries increase the connectivity and avail-
ability of smart phones and mobile applications reduce the
transaction costs in the market by exploiting the power of
digital technologies and cause a reduction in income in-
equality. Similar studies [16] have shown that ICT is posi-
tively associated with wage and income inequality.

4. Methodology of the Research

.e advantage of this study is that it provides a method for
analyzing the impact of ICT goods on income inequality
borders. For this purpose, the nonlinear behavior of eco-
nomic variables has been investigated using the fuzzy rule-
based system (FRBS) and the nonlinear LSTAR model. .is
modeling technique provides suitable conditions for in-
vestigating the effect of nonlinear behavior of ICT goods on
income inequality. Also, all the complexities in the rela-
tionships of economic variables can be considered by FRBS
in the framework of the LSTAR model, which increases the
accuracy of the outputs.

In the FLSTAR model, the appropriate transfer function
and variable are selected according to the studied variables,
which can be used to calculate income inequality in pro-
portion using of ICT goods. .erefore, the FLSTAR model
has extraordinary flexibility and analysis in accordance with
economic conditions compared with classical regression
(CR) methods. In this study, using the FLSTAR model for
the output variable (income inequality), the borders upside,
medium, and downside are calculated; this is not possible in
other models, including CR models, so FLSTAR is more
flexible than CR. Modeling the effect of uncertainty on
economic variables is very important. Using the fuzzy rule-
based system (FRBS) in the framework of the LSTAR model,
the effect of uncertainty on economic variables can be in-
vestigated. Finally, using FLSTAR modeling, for each of the
years 1994–2018, the impact of ICT goods on income in-
equality can be calculated based on the borders upside,
medium, and downside. We briefly introduce the smooth
transition models and, then, examine the relationship be-
tween fuzzy logic and smooth transition nonlinear models.

4.1. Autoregressive Models. One view on autoregressive
models is that they provide good first-order approximations
to the dynamics of the data-generating process. Statistical
modeling of time series [3] is one of the oldest and most
successful tools for predicting the future values of a time
series as a combination of past values. Bauer and Latzer [4]
stated the future values of a time series as a linear combi-
nation of its past values in the form of an autoregressive (AR)
model based on p> 1 lagged values of yt, where p is the
maximum order of the lag, as follows:

yt � b′xt + εt � b0 + b1yt−1 + · · · + bpyt−p + εt, t � 1, 2, . . . , n,

(1)

where b′ is vector of parameters, the symbol ´ on the vector
means its transpose vector Xt � (1, yt− 1, . . . ,

yt− p)′ , and εt ∼ N(0, σ2) is usually known as white noise (or
a random signal). For this model, we write yt ∼ AR(p), and
yt  generated from this model is called the AR(p) process.
Model (1) indicates the current status of yt through the past
values of yt−1, . . . , yt−p in terms of linear regression.

4.2. Smooth Transition AutoregressiveModel. One of the key
features of threshold autoregressive models is the discon-
tinuous correlation of the autoregressive model. An alter-
native model called smooth transition autoregressive
(STAR) model was proposed by Teräsvirta [3, 6]. .is model
with k numbers of regimes is defined as follows:

yt � 
k

i�1
bi
′Xtfi St;∅i(  + εt, (2)

where bi is a vector of parameters, fi(St;∅i) is transition
function, ∅i consists of two variables c and c, where c

represents the transition velocity between two bounds and c
is the transition point, and εt  ∼ N(0, σ2) is usually known
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as white noise (equivalent to a random signal with flat power
spectral density)

.e STAR model in (2) can be rewritten as follows:

yt � 
k

i�1
bi
′XtF St; ci, ci(  + εt, (3)

where ci represents the transition velocity and ci is the
transition point [3].

4.3. Logistic Smooth Transition Autoregressive (LSTAR)
Models. .e LSTAR model propagated by Teräsvirta and
Anderson (1992) and Teräsvirta [29, 30] is the standard form
as follows:

yt � π′Ζt + θ′ΖtF St, c, c(  + μt, t � 1, 2, . . . , T, (4)

in which it is assumed that the model residues are evenly and
independently distributed with the mean of 0 and constant
variance, where zt � (Vt

′,Xt
′)′, Vt

′ � (1, yt− 1, yt− 2, . . . ,

yt− p)′, Xt
′ � (x1t, . . . , xkt)′, and θ, π are vector parameters.

F(St, c, c) is transition function, ci is slope parameter, and ci

is position parameter. .e transfer function to two types of
logistics and exponential is expressed in the form of
equations (5) and (6).

F St, c, c(  �
1

1 + exp −c St − c( ( 
 , (5)

F St, c, c(  � 1 + exp −c St − c( ( 
2

 . (6)

In this section, we avoided the details of our gentle
LSTAR models (see [31–35] for further reading).

4.4. Fuzzy Systems and If-2en Rules. Fuzzy systems are
rules-based systems. .e most important part of a fuzzy
system is the knowledge base, which is made up of if-then
fuzzy rules. .e starting point for building a fuzzy system is
to obtain a set of if-then rules to describe the behavior of
that system. By combining the outputs of these rules in the
next steps, the final output of the system is created. If-then
fuzzy rules are conditional statements by which infor-
mation can be expressed. In fuzzy systems, human
knowledge is expressed as fuzzy rules, which contains a set
of rules that should cover all situations as much as possible
and should be without any conflict with each other. A if-
then fuzzy rule is expressed as a conditional sentence as
follows [33–35]:

IF x1 isB1 and x2 isB2 AND, . . . ,AND xP isBp,

THENy � α′xt � α0 + α1x1 + α2x2 + · · · + αpxP,
(7)

where xj are variables and Bj are fuzzy set. .e if-then rule
applies to time series problems for prediction. .e rela-
tionship between fuzzy laws and the regression model itself
is a relationship in (8) [34, 35]. .e variables yt−i are lagged
values of the time series yt  (see [34]).

IFyt−1 isB1 andyt−2 isB2 AND, . . . ,ANDyt−p isBp,

THENyt � β0 � β1yt−1 + β2yt−2 + · · · + βpyt−p.
(8)

4.5. Explaining the Steps ofModeling theNonlinearBehaviorof
Variables upon the Gini Coefficient Boundaries. Studying the
nonlinear behavior of variables is of great importance in
economic policy-making. In this section of the study, we
model the nonlinear behavior of variables in such a way that
we calculate the Gini coefficient boundaries in accordance
with this nonlinear behavior, as follows:

Step 1.Testing linearity: One of the most important
steps in estimating a smooth transfer regression model
is to test the linear model against the nonlinear. .e
main question is that if the model is nonlinear, which
process (ESTAR or LSTAR model) does it follow?
.erefore, the null hypothesis based on the linear
model is defined as H0 � 0, v> 0 [29, 36]. In equation
(9), when v � 0, the LSTAR model is reduced to linear
regression as follows [30, 37]:

G st; v, c(  � 1 + exp −v st − c(  ( 
− 1

, v> 0. (9)

In this case, parameters St and c are indefinite. .e
solution that Luukkonen et al. [30] and Teräsvirta [38]
proposed for solving this problem is to replace the
transfer function with Taylor’s approximation. After
replacing the transition function by its third-order
Taylor approximation around v � 0, the auxiliary re-
gression model is obtained. Taylor’s third-degree ex-
pansion is based on the suggestion made by Luukkonen
et al. [30]. .us, auxiliary regression of Relation (10) is
written [39, 40] as follows:

Yt � β0′zt + 
k

i�1
βk
′zts

k
t + vt, (10)

where zt � (Wt
′,Xt
′)′ is a vector of explanatory vari-

ables, Wt
′ � (1, yt− 1, yt− 2, . . . , yt− p)′ and Xt

′ �
(x1t, . . . , xkt)′ are vectors of exogenous variables, St is
the transfer variable, β0′ is linear coefficients of the
auxiliary model, βk

′ shows nonlinear coefficients of the
auxiliary model, zt � (1, zt), where zt is a (m× 1)
vector, and vt ≈ iid(0, σ2), where the Lagrange multi-
plier (LM)-type tests are defined as follows:

LMW �
T SSR0 − SSR1( 

SSR0
, (11)

where SSR0 is the sum of residuals squared, SSR1 is the
sum of squared residuals, and T is the time period.
Step 2. Choice of the transition variable: In order to
select the transfer variable, according to Taylor’s first to
third approximations, LMW statistic [41] is calculated
for each of the independent variables. .e variable that
has the highest LMW test statistic among the other
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variables is selected as the transfer variable [36]. For
further reference, see [29, 36].
Step 3. Choice of the transition function: If the model is
nonlinear, the appropriate form must be selected for
the transfer function. For this purpose, the following
hypotheses are tested in order:

H1: β3′ � 0,

H2: β2′ � 0|β3′ � 0,

H3: β1′ � 0|β2′ � 0,

β3′ � 0,

(12)

where | means the term is conditional. If the H1 hy-
pothesis is rejected, the model will have the LSTAR
pattern; if the H1 hypothesis is accepted, the H2 hy-
pothesis is tested. If this hypothesis is rejected, the
model will have the ESTAR model; otherwise, hy-
pothesis H3 will be tested. If H3 is rejected, the model
will have the LSTAR model.
Step 4. Transition velocity v and transition point ci are
determined by using the Newton–Raphson algorithm
[42].
Step 5. .e threshold values of the transition function
are calculated based on the following relationship:

G st; v, c(  � 1 + exp −v st − c(  ( 
− 1

, v> 0. (13)

.e LSTAR model as a regime-switching model can
include two thresholds. .e amount of thresholds
depends on the amount of transition function, so that
the value of the transfer function can have values 0 and
1. Parameter c can be interpreted as the thresholds
between two regimes. .e threshold value in the
LSTAR model is related to small and large absolute
values of s relative to c, see [40, 41].
Step 6. In Steps 1 to 5, the transfer function (LSTAR) is
investigated and selected. In this stage, the modeling
cycle of the fuzzy rule-based system (FRBS) in the
framework of LSTAR models is performed as follows.

First, a fuzzy inference system is built that consists of
four parts [43].

(1) Fuzzifier. .e first step in creating a fuzzy system is
to define inputs and membership functions.
Membership functions should be structured in such
a way that they clearly convey the meanings of the
relevant linguistic words.

(2) Rule Base. Fuzzy rule base is a phrase with an if-
then structure. .e number of rules required de-
pends on the number of indicators and the number
of classes in each indicator and is calculated
according to the I�m tob power n, where m is the
number of status and n is the number of input.
Fuzzy rules have two parts: “if part” and “then
part”; they are mainly expressed as the following
statements:

if x1 isA
r
1 andx2 isA

r
2 andxn isA

r
n then isB

r
, (14)

where Ar
i are fuzzy sets such as large, medium, and

positive large and r represents the rth rule. B is the
output of the system.

(3) Inference Engine. Inference engine is a component
of the system that applies logical rules to the
knowledge base in order to deduce new
information.

(4) Defuzzification. In this section, the fuzzy output
obtained in the previous section is converted into a
nonfuzzy number. .ere are five common ways to
do this as follows: centroid, bisector, middle of
maximum, smallest of maximum, and largest of
maximum.

Step 7. .e final step of modeling the nonlinear be-
havior of the variables is done using equation (15). In
this stage, we can calculate the effect of ICT goods on
the Gini coefficient in the upside, medium, and
downside bands using a fuzzy inference system. For
further study in this field, refer to the following ref-
erences [33, 36, 37].

Ginii,t Ginit−j,
Int, Mob, Fix − tel, Sit, c, v  � 

n

j�1
αj

Ginit−j + 
n

j�1
αj

Intt−j + 
n

j�1
αj

Mobt−j + 
n

j�1
αj

Fix − telt−j + G Sit, v, c 

∗ 
n

j�1
αj

Ginit−j + 
n

j�1
αj

Intt−j + 
n

j�1
αj

Mobt−j + 
n

j�1
αj

Fix − telt−j

⎧⎪⎨

⎪⎩

⎫⎪⎬

⎪⎭
,

(15)

where Gini indicates income inequality, Ginit−1 indicates
income inequality of the previous period, Int indicates the
individuals using the Internet (per 100 people), Mob indi-
cates mobile cellular subscriptions (per 100 people), and

Fix − tel indicates fixed telephone subscriptions (per 100
people).

5. Applying of Nonlinear Effect Modeling of
Variables in Estimating Gini
Coefficient Borders

In this section, we provide an application that is de-
fined as in (15). .e data used are from the World Bank
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(https://www.worldbank.org) during 1994–2018. We are
now running six steps of the algorithm described in
Section 4.

(i) Internet: individuals using the Internet (per 100
people)

(ii) Mobile: mobile cellular subscriptions (per 100
people)

(iii) Fixed-tel: fixed telephone subscriptions (per 100
people)

(iv) Ginit−1: income inequality of a previous period All
the symbols used in this study are shown in Table 2.

Step 1. Table 3 presents the results of the nonlinear
behavior of the variables up to Taylor’s third order.
Step 2. In the second step, according to the results
of the LMW test presented in Table 3, we can
determine the transfer variable (a variable that has
more nonlinear behavior than other variables). For
each ICT goods, the test values LMW and their
probability are calculated. .e Internet has the
highest values and is selected as the transfer var-
iable. Figure 1 is plotted using (15) and MATLAB
software that how the Internet and the transfer
function affect the Gini coefficient (income
inequality).
Step 3. According to the description of Step 3, the
LSTAR transition function is selected, as shown in
Table 4.
Step 4. In Table 5, the slope and position pa-
rameters values are estimated at 5.5 and 4.07,
respectively.
Step 5..e downside border (the lowest number of
people using the Internet) is calculated as 14.3.
.is border means that as long as the use of In-
ternet is at least 14.3 (per 100 people), it has the
least impact on income inequality in society. .e
upside border is calculated as 32.1, meaning that as
long as the use of the Internet is at most as 32.1 (per
100 people), it has the most impact on income
inequality in society.
Step 6. In Table 6, the upside, medium, and
downside border values of the transfer function
borders are extracted according to the upside,
medium, and downside of the slope, point, and
transfer variables using the fuzzy inference system
[44].
Step 7. Results of the estimated interpretations of
the Gini coefficient borders are obtained.

.e purpose of this section is to calculate the Gini co-
efficient borders according to the public access to ICTgoods.
Now, the effect of ICT goods on income inequality (Gini
coefficient borders) is calculated using nonlinear modeling
as in (15) and fuzzy inference system [34]. Table 7 shows the
results of estimating the downside, medium, and upside
borders of the Gini coefficient. According to the impact of
ICT goods on income inequality, the borders upside, me-
dium, and downside are calculated so that in the downside

bound than the upside bound of Gini coefficient, less degree
of ICTgoods is used. In fact, the downside bound shows how
much the Gini coefficient increases when there is limited
access to the use of ICT goods. Gini coefficient medium
shows how the Gini coefficient changes when ICT products
are used moderately. .e border upside shows how much
the Gini coefficient decreases when ICT products are most
used. .e results also demonstrate that initially and in the
downside borders, income inequality increases with the use
of ICT goods. Subsequently (in the borders medium), in-
come inequality decreases as the use of ICTgoods increases.
In the last stage (in the borders upside), which represents the
largest use of ICT goods, income inequality is greatly re-
duced. According to these results, the effect of ICT com-
modities on income inequality is inversely U shaped.

.ere are several criteria to compare the performance of
the models used in this study. .e most common ones are
mean absolute error (MAE), mean square error (MSE), root
mean square error (RMSE), and mean absolute percentage
error (MAPE), all of which are used in this study [45]. Because
each of the above criteria represents specific aspects of model
performance, all are used in this study for model evaluation as
well as for predictive power evaluation. Table 8 shows the
results of Gini coefficient estimation using fuzzy regression.
Fuzzy nonlinear regressionmodels have good results in all the
evaluation criteria. According to Table 7, theMAPE andMAE
values for the three upside, medium, and downside borders
are 0.038, 0.703, and 0.053 and 0.024, 0.435, and 0.033. .e
MSE and RMSE values for the three low, medium, and high
bands are 6.701, 0.943, and 0.001 and 4.495, 8.891, and 0.001.
Generally, after estimating each model, it is necessary to
examine its ability and accuracy so that we can perform a

Table 2: Nomenclature.

Fuzzy signs and
symbols Description

Int Individuals using the Internet
Gini Gini coefficient
Mob Mobile cellular subscriptions

Fix − tel Fixed telephone subscriptions
S Transition variable
c Transition point
v Transition velocity
TF Transition function
ID Distribution of income
AI Artificial intelligence
LC Lorenz curve
ICT Information and communication technology
TAR .reshold autoregressive
STAR Smooth transition autoregressive
TSK Takagi–Sugeno–Kang
MAE Mean absolute error
MSE Mean square error
RMSE Root mean square error
MAPE Mean absolute percentage error
FLSTA Fuzzy logistic smooth transition autoregressive
Wt Vector of independent variables
π/ Linear coefficients
ck/ Nonlinear coefficients
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proper analysis according to the evaluation criteria shown for
each of the three boundaries of income inequality. .e RMSE
and MSE criteria have the lowest error for the border upside
income inequality. According to these criteria, it can be
concluded that with more use of ICT goods, the income
inequality rate is greatly reduced.

6. Discussion

In studies conducted from different dimensions, the impact of
ICTon income inequality has been investigated. In [46], using
the panel method, the empirical relationship between ICTand

income inequality was investigated from an international
perspective during the period 2001–2014. .e results sug-
gested that the effect of ICT on income inequality depended
both on the specific type of ICT and the measure of income
inequality. In addition, the magnitude of ICT’s effect on
income inequality was comparable to that of more traditional

Table 3: .e results of the nonlinear behavior of the variables up to Taylor’s third order

ICT goods
Values

First order Second order .ird order
(i) Internet 3.675 (0.026) 3.961 (0.010) 4.440 (0.006)
(ii) Mobile 3.581 (0.016) 3.644 (0.015) 3.426 (0.019)
(iii) Fixed-tel 3.292 (0.022) 3.469 (0.018) 3.554 (0.016)

Table 4: Selecting the transition function.

Test statistics F3 F2 F1
Proposed
model

Statistics LM
(prob)

2.01
(0.601)

2.63
(0.527)

4.24
(0.021) LSTAR

Table 5: Calculate slope and position parameters.

Slope parameter c Position parameter ci

5.5 4.07

Table 6: Calculate the transfer function (output).

Input
Borders

Upside Medium Down
Position parameter c (0, 0.21) (0.16, 0.37) (0.31, 0.45)
Slope parameter c (0, 0.15) (0.12, 0.25) (0.23, 0.51)
Transition variable S (0, 0.24) (0.24, 0.30) (0.24, 1)
Transition function (output) (0, 0.24) (0.21, 0.52) (0.48, 0.75)
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Figure 1: .e effect of Internet and the transfer function upon the Gini coefficient (income inequality) by using equation (9).

Table 7: Gini coefficient borders of upside, medium, and down of
the authors calculation using (15).

Year Gini coefficient Down Medium Upside
1994 0.399 0.511 0.441 0.320
1995 0.407 0.570 0.482 0.383
1996 0.391 0.498 0.491 0.399
1997 0.402 0.535 0.432 0.400
1998 0.396 0.514 0.432 0.375
1999 0.400 0.491 0.430 0.358
2000 0.399 0.516 0.414 0.368
2001 0.398 0.509 0.414 0.362
2002 0.419 0.518 0.491 0.371
2003 0.415 0.521 0.491 0.388
2004 0.399 0.520 0.432 0.384
2005 0.402 0.532 0.431 0.401
2006 0.400 0.519 0.491 0.400
2007 0.404 0.520 0.472 0.402
2008 0.385 0.531 0.439 0.322
2009 0.393 0.517 0.472 0.360
2010 0.381 0.525 0.477 0.370
2011 0.375 0.525 0.492 0.363
2012 0.383 0.531 0.472 0.364
2013 0.395 0.510 0.482 0.376
2014 0.399 0.536 0.486 0.382
2015 0.398 0.542 0.441 0.399
2016 0.404 0.563 0.451 0.434
2017 0.400 0.572 0.510 0.419
2018 0.401 0.572 0.511 0.424

8 Mathematical Problems in Engineering



forms of economic infrastructure. In another study [47], the
role of ICT in modulating the effect of education and lifelong
learning on income inequality and economic growth was
considered in Africa. .is study was from 2004 to 2014 based
on the generalized method of moments. .e results showed
that first mobile phone and the Internet each interacted with
primary school education to decrease income inequality.
Second, all ICT indicators interacted with secondary school
education to exert a negative impact on the Gini index..ird,
fixed broadband distinctly interacts with primary school
education and lifelong learning to have a positive effect on
economic growth. Fourth, ICT indicators did not significantly
influence inequality and economic growth through tertiary
school education and lifelong learning. Studies [46] on the
relationship between ICT and income inequality in ASEAN
countries during the period 2009 to 2018 showed that
countries should focus on the innovation of ICT, especially on
the Internet users, mobile cellular subscription, and fixed
telephone subscription to achieve economic growth and
hence reduce income inequality. Investments in ICT infra-
structure promote ICT technology cooperation as well as ICT
expansion, especially on the network access to confronting
with the income inequality. Studies [47] for some OECD
countries show that the relationship between ICT investment
and income inequality is positive. In this mode, the increment
of the ratio of ICT investment to the aggregated investment in
stock enhances the capital’s share of income and, finally, leads
to income inequality such as the increase in the share of the
top decile income. Although results confirm the positive
relationship between ICT investment and income inequality,
the upward trend for that relationship depends on the values
of parameters for using the simulations and these parameters
are not deterministic in the magnitudes on the calculated
results for the simulations. .e innovation of this study is in
modeling the asymmetric behavior of the ICT good on the
income distribution. Accurate analysis and recognition of
their nonlinear behavior show more accuracy between
computational results so that the impact of ICTgoods on Gini
coefficient bands is estimated. Among them, the Internet
users have the most nonlinear behavior, which is selected as
the transfer variable. Another feature of this study is to
calculate the thresholds for individuals using the Internet (per
100 people). Finally, by using fuzzy logic, Gini coefficient is
estimated at three borders upside, medium, and downside.
.e results show that the Gini coefficient decreases with
increase in the use of ICT goods.

6.1. Conclusion. .e main focus of this paper was on ex-
amining the impact of ICT goods on income inequality. For
this purpose, borders upside, medium, and downside of
income inequality were calculated. .e basis for calculating

these borders was the use of ICT goods, including the In-
ternet. We extended the nonlinear model of smooth
transmission through fuzzy sets to be able to calculate the
impact of ICTgoods on income inequality in three bands for
each of the years 1994 to 2018. It is very important to study
the impact of ICT goods on income inequality in the
economy from the aspects of planning and policy-making.
.e results of this study showed that the upper and lower
thresholds for the number of people using the Internet were
32.1 and 14.3 (per 100 people) in the Iranian economy,
respectively..e results also represented that, initially and in
the borders, downside income inequality increased with the
use of ICTgoods. Subsequently and in the borders medium,
income inequality decreased as the use of ICT goods in-
creased. In the last stage (in the borders upside), which
represented the largest use of ICT goods, income inequality
was greatly reduced. According to these results, the effect of
ICT commodities on income inequality was inversely U
shaped. .e results of this study have important policy-
making implications. According the clear impact of ICT
goods on reducing income inequality, it is recommended
that the governments provide the ground for reducing in-
come inequality in society by developing ICT through ed-
ucation and investing in infrastructure. Moreover, to reduce
income inequality, access to ICT goods among different
income groups should be expanded through appropriate
policies such as subsidies for access to ICT goods and as-
sistance to disadvantaged areas by expanding the infra-
structure for proper distribution of ICT goods (Table 2).
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