International Journal of New Political Economy 6(1): 47-82, 2025

Development of Digital Economy,
Human Development Solution in Iran

Saeed Kian Poor'*©®, Mohsen Hajian®

ARTICLE INFO ABSTRACT

Recent  information and communication technology
Article history: developments have led to digitizing society and countries. The
Date of submission: 11 December 2024 increase in productivity and efficiency of these societies,

Date of revise: 04 March 2025 together with digitization, has sparked the expectation that

developing the digital economy in Iran will lead to human
Date of acceptance: 19 March 2025 development. In this research, the digital economy index of 31

provinces of Iran over the period from 2013 to 2023 was first

ranked using Principal Component Analysis (PCA). Then, they

JEL Classification: were placed in three clusters: Very Suitable, Suitable and Very
124,015 Unsuitable. In the next step, Copula’s approach was applied to
032,033 investigate the role of the digital economy in human
development. The results showed a correlation between the
Keywords: human development of Iran's provinces and the digital
Digital Economy Index, economy development of Iran's provinces. Based on this, the
Human Development Index, development of digital economy in the provinces of Iran can be
Copula, Principal Component a way for human development.
Analysis

1. Assistant Professor, Department of Economics, Payame Noor University (PNU), Tehran, Iran
2. Department of Economics, Payame Noor University (PNU), Tehran, Iran
* Corresponding Author Email Address: s_kianpoor@pnu.ac.ir

DOI: https://doi.org/10.48308/jep.2025.237697.1196

@ @ Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms and

conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).


mailto:s_kianpoor@pnu.ac.ir
https://doi.org/10.48308/jep.2025.237697.1196
https://creativecommons.org/licenses/by/4.0/)
https://orcid.org/0000-0002-4827-4970
https://orcid.org/0000-0002-6897-1386

48 S. Kian Poor, et. al./ International Journal of New Political Economy 6(1): 47-82, 2025

1. Introduction

5 here have been significant advances in information and communication
technology in recent years. These developments have caused many
industries and equipment to undergo significant changes and evolve (Aceto,
Persico, & Pescapé, 2019; ElMaraghy et al., 2021). So far, three industrial
revolutions have affected the development process of the world. The first
industrial revolution happened at the end of the 18th century with the
construction of machines and the establishment of the first factories (Har et
al., 2022). The second industrial revolution happened with the division of
labor and the use of electricity in production (Mohajan, 2019). The third
industrial revolution also occurred between 1970 and 2000 under the
information and internet revolution (Taalbi, 2019). In today's era, the fourth
revolution based on the Internet of Things, artificial intelligence, and cyber-
physical systems is occurring. The fourth industrial revolution has made
significant progress in recent years and faster than the previous three
industrial revolutions (Hassoun et al., 2023). Technological advancements
have increased productivity in production, distribution, and consumption
processes, and producers and consumers have access to more quantity and
quality services and goods at a lower cost (Koh, Orzes, & Jia, 2019). Recent
information and communication technology advances have affected both the
public and private sectors and made them more productive in their activities.
These developments in the public sector have led to the formation of a
concept called electronic government. Electronic government includes a set
of public sector activities that have been facilitated with the help of
technology and have reduced public sector costs (Dhaoui, 2022; Mensah,
2019). In the private sector, technological advances have led to the formation
of various concepts, primarily e-commerce, which is the most critical
achievement of information and communication technology for businesses.
E-commerce refers to management processes and buying and selling in
business based on information and communication technology. E-commerce

has improved the efficiency of production, supply and consumption of goods
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and services. The development of e-commerce followed by the digitization
of the economy will increase and improve the quality and quantity of goods
and services available to the people of the society (Borenstein & Saloner,
2001; Jain, Malviya, & Arya, 2021; Pantelimon, Georgescu, & Posedaru,
2020). Finally, all these changes and the influence of technology in society
are included in the concept of digital economy. The digital economy is all
economic and social activities based on information and communication
technology. In other words, the digital economy is the stage in which
economic and social activities take a new form based on technology
(Barefoot et al., 2018; Li et al., 2020). Organization for Economic Co-
operation and Development (OECD) defines the digital economy as all
economic activity reliant on or enhanced by digital inputs, including digital
technologies, infrastructure, services, and data (Bukht & Heeks, 2017;
Williams, 2021). The achievements of the world in the digitalization process
will not be limited to these things. The world's primary and most important
achievement of digitization is the integrated development of societies and
countries. Today, the world's countries are changing and evolving with
digitization; looking at developed countries, it is clear that these countries
have developed in the field of digital economy. In the country, the digital
economy creates conditions with high productivity. For this reason,
supporting the digital economy can be the basis of the country's development
and progress. The digitization of countries' economies will be the foundation
of the globalization process. In other words, the fields of globalization will
increase with the development of the digital economy (Skare & Soriano,
2021; Voronkova et al., 2023; Zhao et al., 2023). Studies show that the
development of the digital economy in developing countries could be at a
higher level. In developing countries, the infrastructure and policies of the
digital economy have yet to be given much attention (Bahadirovich, 2023;
Kolesnikov et al., 2020). Iran is a developing country located in the Middle
East (Nazaritehrani & Mashali, 2020). Official reports show that the digital
economy's contribution to Iran's gross domestic product (GDP) in 2020 was
6.5%. At the same time, this rate was 2.2% in 2013. Based on this, the share
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of the digital economy in Iran's economy has increased by 4.3% in the last
seven years (Alfoul, 2022; Yalcintas & Alizadeh, 2020). The World Bank
has announced that the average digital economy share in the world's GDP is
more than 15% (Mallaboyev, 2023; Shevchenko et al., 2023). Although the
share of the digital economy in Iran's GDP reached 6.5% in 2020, it is still
8.5% different from the global average, which can indicate the lack of
development of the digital economy in Iran.

The purpose of developing and applying the digital economy is the
development and progress of societies (Limna, Kraiwanit, &
Siripipatthanakul, 2023). Iran has 31 provinces, each with special economic
conditions, and each is at a level of development. By examining the
provinces of Iran, it is clear that some of these provinces are less developed
than others. Iran's policies have generally been such that the central and non-
border provinces have developed more than the border provinces (Azadi,
Delangizan, & Falahati, 2021; Kazemi et al., 2015; Omrani, Alizadeh, &
Amini, 2020; Tondro et al., 2022). Also, the lack of attention of
policymakers and planners to economic capacities and ways of economic
and social development has caused many of these provinces not to be
included in the development process. In many provinces of Iran, the lack of
development has been a significant reason for the decreased of the quality of
life and economic and social problems in these regions (Mosadeghrad et al.,
2019; Yazdanpanah, Moradi, & Asgar Khani, 2023). The underdevelopment
of these provinces has caused the increase in social crimes and poverty in
these areas compared to other provinces (Deyhoul, Ahmadi, & Mirfardi,
2019). Based on this, all the factors and conditions to realize development in
these deprived provinces of Iran must be investigated and studied. As
mentioned, the digital economy provides conditions for developing the
country and societies. Therefore, in this research the aim will be to
investigate the role of the growth and development of the digital economy in
the development of the provinces of Iran from 2013 to 2023 (Mosadeghrad
et al., 2019; Zhang et al., 2021).
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This research introduces several innovative aspects. Firstly, it applies the
Digital Economy Index at the provincial level in Iran, using Principal
Component Analysis (PCA) to rank 31 provinces and understand regional
disparities. Secondly, it utilizes the Copula model to analyze the dependency
between the Human Development Index (HDI) and the digital economy
index, capturing complex, nonlinear relationships. Thirdly, it integrates
advanced statistical methods with actionable policy recommendations,
demonstrating how scientific findings can inform development policies.
Fourthly, it focuses on regional analysis over a long-term period (2013-
2023), providing robust insights for policymakers. Finally, the study
addresses local challenges with practical solutions tailored to Iran's context.

2. Literature Review

In this research, the role of the digital economy in the development of
Iranian provinces has been investigated. The digital economy index (DEI)
has been used to check the performance of the digital economy of the Iranian
provinces. Also, the human development index has been used to check the
development of Iran's provinces. The Human Development Index (HDI)
comprises three other indices: Life expectancy, Education, and Gross
National Income (GNI) (Lind, 2019). In light of this, the theoretical
foundations of the digital economy index and the impact of the digital
economy on the development of societies and countries have been examined.
Economic and social development of a society is a process containing a wide
variety of factors. In other words, for a country to develop it must evolve in
an integrated manner in economic and social components. The digital
economy's role in the provinces' development can be examined by the effects
of the digital economy on Human Development Index components (Laitsou
& Xenakis, 2023; Yazdanpanah, Moradi, & Asgar Khani, 2023).

2.1. Human Development Index (HDI)
The digital economy creates conditions in the country where many services

and goods rely on information and communication technology. In other



52 S. Kian Poor, et. al/ International Journal of New Political Economy 6(1): 47-82, 2025

words, the development of a digital economy in a country causes the
penetration of technology in all parts of society (Irtyshcheva et al., 2021).
One of the most essential components of society is education, which is
considered the factor of human development. In an economy where a
significant part is digital economy, digitalization in education is also
increasing. The digitalization of education has the ability to create efficient
educational methods, which leads to an increase in educational productivity.
Based on this, the development of the digital economy will provide the
foundation to transform the education system into a modern one, and then
the human capital will be developed. With the improvement of human
capital, more than ever before, skilled labor will be accessible and society
will develop (Abduraxmanova, 2022; Akhmedov, 2023; Bygstad et al.,
2022; Muralidharan, Shanmugan, & Klochkov, 2022; Sitepu et al., 2022).
The digital economy has had a significant impact on improving life
expectancy. Health sector performance greatly influences life expectancy;
Advances in technology in recent years have created new treatment methods
and intelligent medical equipment (Jiang, Chang, & Shahzad, 2022; Lyu et
al., 2022; You et al.,, 2021). The digitization of societies improves the
performance of governments in the field of providing welfare for society. In
other words, the digitization of the economy in a society becomes a factor
for improving the government's performance and planning. With the correct
planning of the government, the efficiency of welfare programs will increase
(Brynjolfsson et al., 2018; Febiri & Hub, 2021; Greve, 2019). The digital
economy has caused the creation of e-commerce; E-commerce is a factor for
easy access to goods and services. With more straightforward and cheaper
access to goods and services than in the past, it will be possible to increase
the quality of life and life expectancy (Darley, 2003; Le Thanh et al., 2022;
Lee & Kim, 2019). Furthermore, the development of the digital economy has
led to the creation of new jobs. New jobs have decreased the unemployment
rate and thereby improved the quality of life, increasing life expectancy
(Kamberidou, 2020; Lee & Clarke, 2019; Zhang, 2023). The main effect of
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the digital economy is the increase in Gross National Income. In general, the
digital economy has caused productivity in the production of services and
goods (Jiang & Murmann, 2022; Rehman & Nunziante, 2023); this increase
in productivity is possible by reducing the cost of producers and the cost of
access for consumers (Natalya et al., 2020). Generally, the countries where
the digital economy has formed a more significant part of the Gross National
Income are more developed. In other words, the digital economy will
increase the Gross National Income, which will increase the quality of life
and human development in these societies (Azamat et al., 2023; Faridah
Pardi, 2021). The increase in Gross National Income is not achieved only by
improving the performance of the public sector; the main factor of Gross
National Income is the penetration of the digital economy in the private
sector. The private sector is always looking for more profit, and since
technology reduces costs and creates modern methods, the private sector will
make the most of information and communication technology to make more
profit. With increasing productivity and earning more private sector profit,
Gross National Income will also increase (Borg et al., 2020; Di Giulio &
Vecchi, 2023; Makhmudova Dilbar, 2021). Additionally, studies have been
conducted on the impact of the digital economy on human development.

Pylypenko & Shvets (2024) have found that digitalization enhances human
capital by necessitating new skills and competencies, leading to a more
knowledgeable workforce. Additionally, these researchers have emphasized
that there is a significant correlation between the digital economy index and
the development of human resources. Bakumenko and Minina (2020) have
demonstrated that there is a correlation between social welfare and the

digital economy index.

2.2. Digital Economy Index (DEI)
The research by Kim (2006), Stavytskyy, Kharlamova, and Stoica (2019),
and Wang and Shi (2021) indicates that the infrastructure and performance

of society’s access to information and communication technologies can
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reflect the performance of the digital economy. Ovcharov and Terekhov
(2023) have introduced household access to commonly used information and
communication technology equipment as a metric for studying the digital
economy's infrastructure. Prasetyani et al. (2024) have identified internet
speed, the number of internet users, and the number of mobile phone users as
key indicators of the digital economy. Mao (2023) has also identified the
condition and status of fixed-line telephones as a factor in the digital economy.
Therefore, in this study, the number of landline users, number of mobile phone
users, number of internet users, and internet bandwidth have been examined as

key indicators of the digital economy across the provinces of Iran.

3. Methods

In this research, the digital economy index of Iran's provinces has been
ranked using principal component analysis. Then, using the Copula method,
the correlation between the human development index and the digital
economy index has been investigated. In this regard, the data of the Ministry
of Communications and Information Technology of Iran have been used to
rank the digital economy index of Iran’s provinces. Additionally, data from
the Global Data Lab have been used for the human development index of
Iran’s provinces. According to available data, the years examined in this
research span from 2013 to 2023.

3.1. Principal Component Analysis (PCA)

In principal components analysis, the primary variables in the interrelated
multi-state space are first converted into independent components. Each new
component is considered a linear combination of the main variables. The
main components are obtained through the eigenvalues of the covariance
matrix or the correlation matrix of the main variables (Abdi & Williams,
2010). In the initial analysis of the main components, the input variables
should be standardized. This standardization should have a mean of zero and

a standard deviation of one and is achieved through this relationship:
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(xij= %))

fori=12,...,nandj=12,..,q

In the next step, the correlation matrix for primary variables is calculated,
which is possible with relation 2. In this regard, the amount of each element
of this matrix aij will show the correlation between variables i and j
(Forkman, Josse, & Piepho, 2019).

1~
R=-171 )

KMO should be calculated in the next step. The value of KMO will be in
the range of zero to one. If the output of relation 3 is more than 0.5, the data
will be suitable for the analysis of the main components of the study.
However, if the output is less than 0.5, the data will not be efficient for this
analysis (Ben Salem & Ben Abdelaziz, 2021; Greenacre et al., 2022).

e

KMO = S5z srar

3)
Afterward, it is necessary to calculate the eigenvalues of A and
eigenvectors from the correlation matrix. The eigenvalue is a proportion of
the total variance of the variables by which the components are determined.
The eigenvectors obtained for each eigenvalue will be the coefficients of the
primary variables in the component formation (Abdi & Williams, 2010).

det(R—AI) =0 4)
Equation 5 is used to calculate the variance of each of the main

components.

det(R—AI) =V, (5)

After this criterion, it will be desirable to extract the number of factors.
Scree test criteria, eigenvalue, and variance percentage are considered the

main parameters for extracting the number of factors. In the next step, the
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appropriate rotation should be determined on the matrix of coefficients of the
studied components. In other words, at this stage, the variables with high
factor load in the main components have been extracted and entered into the
modeling as necessary variables. In the final stage, creating p primary
variable xp is necessary to create a maximum of p independent components
in the form of pcp. The following relation can be used to specify the
principal component. In relation 6, pc specifies the desired component, w is
the coefficient of primary variables, and x specifies primary variables
(Kherif & Latypova, 2020; Ringnér, 2008).

PCp = wp1x1 + WpoXo + -+ WXy, (6)

3.2. Copula

Copula approach is a multivariate cumulative distribution function whose
marginal distributions are uniformly distributed in the interval [0,1]. The
application of copula functions allows the combination of any form of
marginal cumulative probability functions; because the marginal
distributions for building a multivariate model can be chosen independently.
On the basis of this, it will not be necessary for the marginal function to
follow a special distribution like the bivariate distribution functions. It
should be noted that using copula leads to the description of changes in the
degree of correlation of variables in different parts of the joint probability
distribution (Fattahi & Kian poor, 2020; Patton, 2012).

3.2.1. Sklar’s Theorem
If it is assumed that F, yis a joint distribution function with the margins of Fy

and F,, then there will be a copula function C for each x, y in R.

Fx,y (x,y) = C (K (x)rFy o) (7

In this way, the copula function allows the model of the marginal

distribution and dependence structure for a multivariate validation variable.
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Moreover, copula functions provide the possibility to model the dependence
between variables in the values of Karanjin or tail dependence (Trivedi &
Zimmer, 2007).

3.2.2. Correlation Coefficients

One of the features of copula is that this class of functions considers the
correlation between variables. In other words, in this situation, there will be
no need for variable independence, and the correlation structure between
variables will always exist. In copula approach, the correlation coefficient
must be specific; because there is a parameter in the calculation of copula
that shows the degree of dependence without scale (Jong-Min, 2020).
Correlation coefficients are generally divided into Kendall's Tau and
Spearman's Rho. Kendall's Tau coefficient measures and checks the degree
of dependency between two variables. The coefficient will equal 1 when the
match between two variables is perfect. On the contrary, if there is no match
between two variables, the coefficient will be equal to -1. The critical point
is that two variables are considered independent if the coefficient equals
zero. Spearman's Rho coefficient is considered non-parametric, indicating
the dependency between the variables. Spearman's Rho coefficient is
calculated similarly to Kendall's Tau coefficient in a set of obtained data.
This coefficient will be used in the conditions of lack of data (Ji, 2023;
Safari-Katesari, Samadi, & Zaroudi, 2020).

3.2.3. Types of Copula

Copula types can be divided into parametric and non-parametric types. The
parametric copula is usually used in research. One of the factors of less use
of the non-parametric copula is related to the limitation in finding results
with input data with the help of parameter estimation; parameters that
indicate the degree of dependence of variables (Trivedi & Zimmer, 2007;
Yan, 2023). Among the most well-known and main Copula functions, some

examples are as follows.
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e Archimedean Copula
Archimedean Copula is one of the copula types with a simple structure

but a significant analytical feature.

C (uy,up) = o [p(wy) + @(up)] (8)

The value of ¢ is considered a copula generator in continuous, non-
negative, and convex conditions (Fattahi & Kian poor, 2020).
e Normal Copula

Normal Copula is also one of the most well-known types of Copula.
C% (ug,up; p) = L 5 W (), P~ (up)) )

Yp is a bivariate standard normal distribution function with correlation
coefficient p € (0,1) (Ji, 2023).
¢ Clayton Copula

Clayton Copula is a type of Archimedean copula. It has an asymmetric
distribution in which the dependence on the negative sequence is more than

the dependence on the positive sequence (Liu et al., 2020).

Cc (ug,up) = max [(ur® +uz? —1,0] (10)
Naturally, the generating function of this type of copula should be noted

as follows:

@) = 671(t™% — 1), where 6 € [-1,+0) (11)

e Frank Copula
Frank Copula is also considered a symmetrical Archimedean copula (De
Baets & De Meyer, 2013).

—9u1_1)(e—6u2_1)

1
Cr = (ug,up) = —gm 1+ (e e—0_1

(12)

The generating function of Frank Copula is as follows:

o) = —In (%) 0% 1 (13)
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e Gumbel Copula
Gumbel Copula is also one of the Archimedean copulas, which is
asymmetric and shows more dependence in the positive than in the negative

sequence (Fischer et al., 2009).

Cy(up, up) = exp(—[(=In(u))® + (=In(uz))°1°™") (14)
The generating function of Gumbel Copula is as follows:
o) = (=In(®))?,6 2 1 (15)

e Elliptical Copula
The Elliptical Copula's feature is the correlation between marginal
distributions at different levels (Fischer et al., 2009).

p(x,y) = Sin%T (16)

e Extreme Value Copula

In Extreme Value copula, all values (uy,...,uq) € [0,1]9 must be
satisfied (Safari-Katesari, Samadi, & Zaroudi, 2020).

1 1
Ce(UE, ., UN™ = C(uy, ... ,ug) (n—>x) (17)
4. Analysis of Results

4.1. Ranking the Digital Economy Index of Iranian Provinces

As the number of features or dimensions in a dataset increases, the amount
of data required to obtain a statistically significant result increases
exponentially. This can lead to overfitting issues, increased computation
time, and reduced model accuracy. Also, the number of dimensions increases
exponentially, resulting in the increase of the number of possible
combinations of features, which increases the computational difficulties of
obtaining a representative sample of the data, and the difficulty of
performing tasks such as clustering or classification. Principal component

analysis, or PCA, is a statistical method enabling the simultaneous analysis
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of information content in large data tables using a smaller set of “summary
indices” that can be easily visualized and analyzed. In this research, principal
component analysis has been done with Eviews and XLSTAT software to

provide additional background and discuss clustering,.

Table 1. Eigenvalues

Initial eigenvalues
Components Value of each Variance Cumulative
component (percentage) (percentage)
Number of landline users 2.938 73.47 73.47
Number of mobile phone users 0.999 24.98 98.45
Number of internet users 0.0465 1.16 99.61
Internet bandwidth 0.015 0.39 100

Source: Research finding

As clearly seen and shown in the table, the factor of the number of
landline users with a special value of 2.938 alone covers 73.47% of the

variance and has the most impact among the four effective factors.

Scree plot

100

Eigenvalue
Cumulative variability (%)

F4

axis

Fig 1. Scree plot of factors with eigenvalues

Source: Research finding
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In addition, in the scree plot diagram of the factors, a factor with the
largest eigenvalues has been selected and from then on the curve decreases
sharply and the eigen variance becomes less than the common variance. The
KMO' index, an index of sampling adequacy, examines the smallness of
partial correlation between variables and thus determines whether the
variance of the research variables is influenced by the common variance of
some hidden and fundamental factors or not. The index value close to 0.70

demonstrates that the desired data (sample size) are suitable for factor

analysis.
Table 2. Values of KMO Index
Components Values of KMO
Number of landline users 0.650
Number of mobile phone users 0.637
Number of internet users 0.881
Internet bandwidth 0.650
KMO 0.698

Source: Research finding

Furthermore, the biplots method method indicates that in the ranking
section of the number of landline users, it has the highest ranking in the

sample units and in the species section based on the similarity matrix.

1. Kaiser-Meyer-Olkin Measure of sampling adequancy
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Variables (axes F1 and F2: 92/61 %)
1 BRBSUB1
0.75 +
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Y% 025 1 BSUB1
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0.5 +
-0.75 +
-1
1 0.75 0.5 025 0 0.25 0.5 0.75 1
F1(70/66 %)
Fig 2. Biplots diagram

Source: Research finding

Ranking based on principal component analysis method
After the principal component analysis, the model process ranks the
indicators using SPSS software.

Table 3. Ranking of Iran's provinces based on digital economy index

Province Index Rank Province Index Rank
Tehran 31 1 Golestan 1591 17
Isfahan 30 2 Kurdestan 13.27 18

Razavi Khorasan 29 3 Lorestan 12.82 19
Fars 28 4 Hormozgan 12.82 19

East Azarbaijan 26.9 5 Qazvin 11.18 20
Mazandaran 25.82 6 Sistan and Baluchistan 10.64 21
Khuzestan 25.27 7 Bushehr 9.27 22
Gilan 23.55 8 Ardabil 8.73 23
West Azarbaijan 22.5 9 Zanjan 7.27 24
Kerman 21.55 10 Semnan 6.18 25
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Province Index Rank Province Index Rank
Chahar Mahaal and
Yazd 19.45 11 o 491 26
Bakhtiari
Kermanshah 19.09 12 South Khorasan 4.09 27
Alborz 1891 13 North Khorasan 3 28
Qom 18.09 14 Ilam 1.64 29
. Kohkiluyeh and Buyer
Markazi 18 15 1.36 30
Ahmad
Hamedan 16.55 16

Source: Research finding

The results from the table indicate that Tehran and Isfahan provinces
have ranked first and second, respectively, with composite indices of 31 and
30. llam and Kohkiluyeh and Buyer Ahmad provinces, on the other hand,
have assigned the lowest ranks for the composite index, with 1.64 and 1.36,

respectively.

4.1.1. Cluster analysis

Cluster analysis is a technique used to group similar observations into a
number of clusters based on the observed values of several variables for each
individual. Additionally, cluster analysis is a statistical method for data
processing. It works by organising items into groups or clusters according to
their relativeness. Similar to diminishing space analysis, cluster analysis
pertains to data matrices in which variables have not been pre-divided into
subsets against prediction. The aim of cluster analysis is to identify similar
groups of subjects, where “similarity” between any pair of objects is
measured as an overall assessment across the set of features. In this research,
XLSTAT software has been used for the cluster analysis of the index, which
is made according to the number of nodes and the central distance and the
center of the class and the weighting of this index:



64 S. Kian Poor, et. al./ International Journal of New Political Economy 6(1): 47-82, 2025

Table 4. Clustering of provinces

Digital economy indicators in three clusters

Group 1 (Very Suitable) Group 2 (Suitable) Group 3 (Very Unsuitable)
East Azarbaijan Ardabil Alborz
West Azarbaijan Ilam Qom

Isfahan Bushehr Kermanshah
Chahar Mahaal and
Tehran Golestan
Bakhtiari
Razavi Khorasan South Khorasan Markazi
Khuzestan North Khorasan Hamedan
Fars Zanjan Yazd
Kerman Semnan
Gilan Sistan and Baluchistan
Mazandaran Qazvin
Kurdestan
Kohkiluyeh and Buyer
Ahmad
Lorestan
Hormozgan

Source: Research finding

The status of the digital economy index of Iran’s provinces was classified
according to the cluster analysis method into three groups: very suitable,
suitable, and very unsuitable. In addition, the final output is classified into three

homogeneous clusters using XLSTAT software in the form of dendrogram.
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Fig 3. Dendrogram

Source: Research finding

4.2. The correlation between the Human Development Index and the
Digital Economy Index of Iranian Provinces

The graphs shown below show the marginal and normal distributions of
human development and digital economy variables. In this section, local

optimization and Markov chain Monte Carlo simulation are used in the
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Bayesian framework to derive the parameter values of Copula families by
contrasting them with the available data. If Bayesian analysis is performed
with Markov chain Monte Carlo simulation, the posterior distribution of the
pair’s parameters can be used to estimate the uncertainty of each data pair. In
the Bayesian framework, the Markov chain Monte Carlo provides a robust
estimate of the global optimum and approximates the posterior distribution
of the pair families, which can be used to construct a prediction uncertainty
bound for the pairs. The local optimization methods are highly susceptible to
be trapped in local optima. Tawn posterior distributions and Clayton
posterior distributions are obtained by Markov chain Monte Carlo simulation
in the Bayesian framework, where the resulting line represents the Copula
value obtained by the local approach and the obtained points derived from
the chain Monte Carlo are Markov and show maximum likelihood. It should

also be noted that the normality of each variable is displayed.
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Fig 4. Marginal distribution and normal distribution of human development variable

Source: Research finding



Development of Digital Economy, Human Development... 67

Marginal distribution

T

°
©

o
3

°
~

o
@

Probability
e o o
@ P
Empirical probability

o
~

°

)

0 2 4 6 8 10 12 0 0.1 02 03 04 05 06 07 08 09 1
Digital economy index «10% Fitted probability

Fig 5. Marginal distribution and normal distribution of digital economy variable

Source: Research finding

In the following, the structure of dependence between human
development and the digital economy is obtained from the observed data and

it shows the description of the structure as asymmetric dependence.
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As mentioned above, tail dependence is a measure to check the
dependence of variables in their limit states. The motivation behind using
Copula functions, which show tail dependence, is that one of the objectives
of this research is to investigate the relationship between human
development and the digital economy. Thus, to investigate the limit states of
these two variables, Copula functions showing the tail dependence and, as a
result, the related effects should be sought. The tail dependence between
human development and the digital economy is now calculated for the types
of Copula functions that show the tail dependences. Results of this
calculation are given in the table. For each pair of variables, the appropriate
Copula function is selected according to the maximum likelihood criterion,

Akaike’s criterion, Bayesian, Least squares error, and Nash equilibrium.

Table 5. Joint probability distribution of Copula functions between human

development and digital economy

Rank AIC BIC Max-Likelihood

1 Tawn Tawn Tawn

2 Marshal-Olkin Marshal-Olkin Marshal-Olkin
3 Gumbel Gumbel Roch-Alegre

4 Galambos Galambos Gumbel

5 Roch-Alegre Roch-Alegre BBS5

6 BB5 BB5 BBI

7 BB1 BB1 Galambos

8 Burr Burr Burr

9 Joe Joe Joe

10 t t t

11 Fischer-Hinzmann Fischer-Hinzmann Fischer-Hinzmann
12 Gaussian Gaussian Gaussian

13 Cuadras-Auge Cuadras-Auge Cuadras-Auge
14 Plackett Plackett Plackett

15 Frank Frank Frank

16 Nelsen Nelsen Nelsen

17 FGM FGM FGM

18 Fischer-Kock Linear-Spearman Fischer-Kock
19 Linear-Spearman Shih-Louis Linear-Spearman
20 Shih-Louis Fischer-Kock Shih-Louis
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Rank AIC BIC Max-Likelihood
21 AMH AMH AMH
22 Clayton Clayton Clayton
23 Raftery Raftery Raftery
24 Cubic Cubic Cubic
25 Independence Independence Independence

Source: Research finding

Table 6. Estimated parameters of Copula functions between human development

and digital economy

Copula Name RMSE NSE
Gaussian 0.2737 0.9969

t 0.2678 0.9971
Clayton 0.3813 0.9941
Frank 0.2866 0.9966
Gumbel 0.2439 0.9976
Independence 0.7784 0.9753
AMH 0.3408 0.9953

Joe 0.2645 0.9971
FGM 0.3095 0.9961
Plackett 0.2818 0.9968
Cuadras-Auge 0.2762 0.9969
Raftery 0.4229 0.9927
Shih-Louis 03116 0.9960
Linear-Spearman 03116 0.9960
Cubic 0.7518 0.9769
Burr 0.2567 0.9973
Nelsen 0.2866 0.9966
Galambos 0.2444 0.9976
Marshal-Olkin 0.1845 0.9986
Fischer-Hinzmann 0.2686 0.9971
Roch-Alegre 0.2437 0.9976
Fischer-Kock 0.3095 0.9961
BBI 0.2439 0.9976
BB5 0.2439 0.9976
Tawn 0.1816 0.9987

Source: Research finding
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Findings show that the data have a normal distribution according to Q-Q
plot. Additionally, in the Bayesian framework, local optimization and
Markov chain Monte Carlo simulation were used to derive the parameter
values of Copula families. The appropriate Copula function was simulated
for each pair of variables, according to the maximum likelihood criterion,
Akaik criterion, Bayesian, least squares error, and Nash equilibrium. on the
basis of this, Tawn Copula indicated the relationship between digital
economy and human development. It is known that Copula Tawn obtains the
asymmetric dependence structure of probabilistic isolines. Furthermore, the
Nash equilibrium with the approximate value of 0.9987 for Copula Tawn
also shows the excellent fit of Copula Tawn with the data, which also has the
minimum root mean square error. Finally, the results of estimating the
Copula function between digital economy efficiency and human
development were expressed in paired Copula models. This section's results
also show an asymmetric dependence between the digital economy and
human development. Hence, Copula Tawn has the best explanation
according to the values of the maximum likelihood, Akaike's information
criterion, the minimum mean squared error, and Nash equilibrium. This
result indicates that the digital economy and human development have a
sequence dependence of components with positive value. Accordingly, with
the increase of digitalization in the country, we will face an increase in
human development. Also, in the dependence structure between the digital
economy and human development, the fundamental uncertainty precision in
the measurement is evident in the dependence structure. The range of
uncertainty is shown with isolines paired with red, and the observed data is
presented with blue dots. Also, the range of uncertainty is only due to the
effects of parameter uncertainty obtained in Bayesian analysis. Hence, it is
proved that the scenario of Copula Tawn can be applied to each sector to

model the dependence of digital economy and human development.
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5. Conclusion and Policy Recommendations
The research results show a correlation between Iran's provinces' digital
economy index and the human development index. In provinces with high
development in the state of digital economy, human development is at higher
levels, and the development of digital economy can be considered as one of
the factors of human development in Iran’s provinces. The human
development index shows the quality of life in society. Based on this, the
development of digital economy can improve the quality of life of people in
society. Some provinces of Iran are in an unfavorable situation regarding
human development. The research results prove that the lack of development
of the digital economy in these provinces is considered one of the factors of
lack of human development. It is anticipated that with the digitization of the
economy of the provinces of Iran, human development will increase and the
residents of Iran’s undeveloped provinces will benefit from a better quality
of life. Since the increase and improvement of the performance of the digital
economy index increases the human development index, it is evident that the
development of the digital economy in each province of Iran improves
education, life expectancy and gross national income in that province. In
order to develop the digital economy in Iran, it is necessary to change the
policy and planning methods in the field of digital economy. The public
sector policies should be in a way that causes the development of the digital
economy in provinces with a low human development index. The
impossibility of mid-term and long-term planning in the digital economy
field is one of Iran's main problems. Political uncertainty and differences
between experts and policymakers have caused the development of the
digital economy to be absent from many medium and long-term plans.
Therefore, it is necessary to propose policy recommendations in the field of
digital economy.
e Investment in Digital Infrastructure: The government should prioritize
investments in digital infrastructure, particularly in underdeveloped
provinces. This includes improving internet connectivity, enhancing
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telecommunications networks, and ensuring access to digital tools.

e Facilitating Investment Conditions: Establish favorable conditions for
domestic and foreign investment in the digital economy sector. This
includes offering tax exemptions and legal support for investors in less
developed provinces to reduce investment risks.

¢ Digital Literacy Programs: Implement comprehensive digital literacy
programs aimed at equipping residents, especially youth and women,
with necessary skills to participate in the digital economy. This could
involve partnerships with educational institutions and NGOs to provide
training and resources.

e Public-Private Partnerships: Encourage collaboration between
government and private sector to leverage resources and expertise for the
development of digital infrastructure and services.

e Developing International Relations: Pay more attention to
globalization and establish constructive economic, political, and social
relations with other countries to reduce sanctions and facilitate the entry
of new technologies into the country.

¢ Promotion of E-Government Services: Expand e-government services
to make public services more accessible to citizens in remote areas. This
will not only improve efficiency but also enhance transparency and
accountability within government operations.

o Strengthening Cybersecurity Measures: As digital economies grow,
it’s crucial to invest in cybersecurity measures to protect individuals and
businesses from cyber threats, thereby building trust in digital platforms.

e Encouraging Research and Development: Support RD initiatives
focused on creating innovative solutions that can enhance the digital
economy within provinces. This can be achieved through funding

research projects at universities and research institutions.
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