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ABSTRACT

As economies increasingly rely on digitalization, information and communication tech-
nologies (ICT) have become critical in shaping global economic transformations. This
study explores the impact of ICT on export concentration and diversification in emerg-
ing markets and developing countries. Using a panel data set of 110 countries from 2000
to 2019, the Generalized Method of Moments (GMM) estimator has been employed to
assess the short- and long-term effects of ICT on these economies. To summarize infor-
mation on various ICT channels, an ICT index has been constructed through principal
component analysis (PCA). Additionally, the study examines the combined influence
of ICT and human capital on export concentration. Findings indicate that ICT develop-
ment significantly accelerates export diversification in developing countries, aligning
their export structures with global standards. The interaction between ICT and human
capital positively impacts export concentration, suggesting that higher levels of human
capital enhance ICT’s effects. Overall, ICT not only boosts human capital but also equips
developing countries with the skills needed to enter new markets, develop high-value
products, and compete globally. Consequently, governments in developing countries
should prioritize investments in ICT infrastructure to lower trade costs, diversify exports,
and promote sustainable economic growth.

KEYWORDS ICT; export concentration; export diversification; system GMM; developing countries
JEL CLASSIFICATIONS 01, C23,F10,F14,F43

ARTICLE HISTORY Received 15 April 2024; Accepted 15 October 2024

1. Introduction

Export diversification is a key factor that developing countries focus on when seek-
ing sustainable and inclusive economic growth (Mania and Rieber 2019). Diversifying
exports across products and geographic markets has three main benefits: it improves the
country’s terms of trade in the long run, ensures macroeconomic stability, and promotes
the economy’s structural transformation (Mania and Rieber 2019).
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The volatility in prices of primary products leads to income instability affecting
commodity-exporting countries (Bleaney and Greenaway 2001); thus, export diversi-
fication helps stabilize exports’ long-term earnings (Al-Marhubi 2000). Diversification
involves increasing the number of exported commodity items and high-value-added
manufactured goods to reduce exports’ dependence on world market conditions. The
United Nations Conference on Trade and Development (UNCTAD) highlighted that
diversifying exports beyond raw materials is a strategic way to mitigate global commod-
ity price volatility (UNCTAD, 2018). The dependence on a limited range of exports could
potentially lead to foreign debt accumulation or reserve depletion, which can negatively
affect the economy’s position, leading to the depreciation of the national currency and a
price level increase. However, if the national currency’s devaluation rate is less than the
inflation rate, the real exchange rate will increase but decrease the country’s export lev-
els. Diversifying export structures affects the economy’s growth level, fosters sustainable
economic growth, and mitigates weaknesses.

Export diversification can be a key strategy for an economy’s structural transfor-
mation (Pageorgiou et al. 2014). This transformation involves investments in physical,
human, and institutional capital (Hausmann and Klinger 2006). Additionally, firms’
export activities can positively impact the economy by producing and exporting new
goods and entering new markets, which involves sharing knowledge, skills, and infor-
mation with other firms and industries (Herzer and Nowak-Lehnmann 2006). Chang
et al. (2024) emphasize the significance of diversifying the export basket, particularly
through creative products. They argue that such diversification reduces reliance on a
limited range of products and accelerates economic growth by accessing global markets.
Zhang et al. (2023) examine the factors influencing the export diversification of creative
products, identifying key elements such as economic policies, market access, and the
inherent productive capabilities of the economy. Effective policies enhance and develop
productive capabilities, while diverse skills across sectors facilitate the production of a
wide range of creative products. Ranjbar, Saboori, and Gholipour (2023) highlight that
tourism development can drive export product diversification by increasing demand for
various local products and services. Tailoring products to tourists, such as crafts, sup-
ports this diversification, while effective tourism development necessitates capabilities
in services like hospitality, transportation, and cultural services. Ranjbar and Rassekh
(2022) note that economies with higher complexity, marked by sophisticated and diver-
sified productive capabilities, can better leverage FDI to further diversify and grow.
Thus, building and enhancing productive capabilities are crucial for economies aiming
to diversify their export baskets.

Information and communications technologies (ICTs) play a vital role in productive
capabilities, encompassing the skills, infrastructure, and systems necessary for lever-
aging digital technologies. ICT facilitates innovation by providing tools and platforms
for developing new products and services, enhancing efficiency and productivity, and
enabling firms to compete globally (Qiang, Clarke, and Halewood 2006). Moreover, ICT
supports knowledge sharing and collaboration, which are essential for fostering creativ-
ity and technological advancements (Bresnahan and Trajtenberg 1995). Access to reliable
and high-speed internet, digital literacy, and robust ICT infrastructure are fundamental
for economies seeking to diversify exports and achieve sustainable growth (Gnangnon
2020). The Global Alliance for Trade Facilitation (2022) emphasizes that technology, par-
ticularly ICT, is crucial for improving customs processes and trade efficiency. The report
highlights key outcomes such as reduced trade delays, enhanced transparency, and cost
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efficiency, advocating for policies that promote technology adoption to foster economic
growth and improve competitiveness, especially in developing countries. Gnangnon’s
(2020) study on the effect of the Internet on services export diversification provides valu-
able insights into this relationship. Utilizing a panel dataset of 100 developing countries
from 2000 to 2017, Gnangnon employs econometric techniques to analyze how Inter-
net penetration influences the diversification of services exports. The findings indicate
that higher Internet penetration significantly enhances services export diversification by
reducing information asymmetries, lowering transaction costs, and facilitating access
to international markets. Additionally, the study highlights the importance of support-
ive policy environments and infrastructure development in maximizing the benefits
of Internet usage for export diversification. This work underscores the transformative
potential of digital technologies in reshaping export structures in developing economies,
thus providing a critical foundation for understanding the broader impact of ICT on
export diversification.

Recent developments show that ICT significantly contributes to economic growth
and social development, improving living standards (ITU 2017). ICT enhances export
diversification by allowing businesses to enter new markets, boost industry competi-
tiveness, and expand product ranges (Rao 2001). Businesses utilizing ICT tools gain a
competitive edge through in-depth market research, better understanding of consumer
preferences, market trends, and identification of new opportunities, thereby promoting
export diversification (Mariani and Wamba 2020).

E-commerce platforms are a starting point for businesses to enter new markets,
present their products, and diversify their export destinations (Dethine, Enjolras, and
Monticolo 2020). By building an online presence, businesses can connect with cus-
tomers, expand their customer base, and set targeted marketing strategies to enter
foreign markets (Borges, Hoppen, and Luce 2009; Mathews and Healy 2008). Com-
munication and collaboration tools help foster partnerships between companies, drive
innovation, and lead to the development of new export-worthy products and ser-
vices (Dethine, Enjolras, and Monticolo 2020). Also, for businesses to broaden their
product range, they must optimize supply chains with ICTs to reduce costs and
delivery times (Cassetta et al. 2020). By embracing the power of ICTs, businesses
can take advantage of more export opportunities and create a diversified global
marketplace.

This paper aims to investigate the ICT index’s short- and long-term impact on the
Herfindahl-Hirschmann index of export product concentration. This research con-
tributes to the existing literature by first examining the long-run impact of ICT on export
diversification in emerging markets and developing countries. Second, the ICT index can
be constructed using the principal component analysis method (PCA) and tested on its
impact on developing countries’ export concentration and diversification indices in the
short and long term. Last, identifying the potential mechanism that links ICT and export
diversification, analyzing the impact of the interaction between ICT and human capital
on the degree of export concentration in developing countries.

The rest of the paper is organized as follows: Section 2 presents the literature review
on the main determinants of export diversification and the role of ICT in this pro-
cess. Section 3 describes the theoretical framework explaining the key channels through
which ICT accelerates export diversification. Section 4 outlines the research methodol-
ogy and describes the data used. Section 5 presents and discusses the empirical findings.
Section 6 interprets and explains the results of different robustness tests. Finally, Section
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7 concludes the paper with practical policy implications and recommendations for future
research.

2, Literature review
2.1. Research on determinants of export diversification

The macroeconomic indicators, the geographic location of the economy (distance to
major world markets), the quality of human capital (average number of years of school-
ing), size (GDP or population), infrastructure development (density of railways, paved
roads, and telephone lines), the quality of institutions (quality of governance), foreign
trade policy, endowment with natural resources, and the characteristics of firms are all
factors that greatly influence export diversification. These factors play a crucial role in
determining the success of export activity.

A study conducted by Imbs and Wacziarg (2003) explores the relationship between
the concentration of employment or value added in individual production sectors and
the level of per capita income. By employing sectoral data from the International Labor
Office (ILO 1997) and United Nations Industrial Development Organization (UNIDO
1997) for a wide range of countries, the results show that as per capita income increases to
a certain level ($9,000), production and employment structure diversify, but eventually,
at around $9,000, production reconcentration occurs.

Naudé and Rossouw (2011) examined the relationship between GDPs per capita
and export diversification; the results revealed a strong relationship between the two
variables in South Africa, a weaker relationship in India, and a linear relationship
in Brazil. The AGE simulation models were used to clearly understand the impact
of export specialization versus export diversification on economic development. The
results concluded that Brazil, China, and India favor export specialization, while export
diversification significantly impacts South Africa’s economic development.

A study by Chang et al. (2024) calculated the diversification level of creative products’
export baskets since creative industries are emerging and affecting the export basket’s
composition and the growth of nations. By gathering data from 2002-2020, the results
of Chang et al.’s (2024) study shows that the diversification level of creative products’
basket in the US, France, Switzerland, and China decreased over the years, while the
level increased in the Netherlands and Germany. In other countries, the indexes do not
exhibit significant fluctuations. By estimating a Barro-type growth regression model and
conducting a panel Granger non-causality test, the study found that diversification of
creative products serves as a pro-growth factor in these nations.

The influence of different factors on export diversification indices to identify the most
significant determinants of the intensive or extensive margin of export diversification in
developing countries is a topic extensively analyzed in the literature. On the one hand, the
intensive margin is the even distribution of the total value of exports among traditionally
exported commodity items without including new goods in the export structure. On the
other hand, extensive margin refers to the increase in the number of active commodity
items in exports (Dennis and Shepherd 2011).

Parteka and Tamberi (2011) conducted a study identifying the main factors affecting
the degree of export diversification. These include economic size, geographical location,
trade freedom index, and participation in regional trade agreements. The study’s results
confirm that economies of scale are crucial to developing international trade. Similarly,
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the study by Cadot et al. (2011a) confirms that the size of the economy and the pref-
erential market access positively impact export diversification, while a geographic gap
negatively affects export diversification. Other factors explored by Cadot et al. (2011b)
include infrastructure development, improvements in the quality of human capital, and
increases in the quality of institutions. Although the net inflow of foreign direct invest-
ment leads to the concentration of exports, Cadot et al. (2011b) explain that this is due
to multinational corporations (MNCs) specializing in producing specific goods in large
volumes.

Analyzing the topic on a larger scale, Agosin, Alvarez, and Bravo-Ortega (2012) gath-
ered data from 79 countries from 1962 to 2000 using the GMM estimator method.
The results indicate that while the accumulation of human capital positively impacts
export diversification, the increase in a country’s GDP-weighted average distance from
its trading partners has a negative impact. Agosin, Alvarez, and Bravo-Ortega (2012)
touch upon other factors that negatively impact export diversification, such as the real
exchange rate volatility and the improvement in trade for countries with low-quality
human capital. Likewise, Jetter and Ramirez Hassan (2015) emphasized the importance
of human capital quality as a variable affecting export diversification. Jetter and Ramirez
Hassan (2015) also highlighted that the total rent from natural resources negatively
affects export diversification. Giri, Quayyum, and Yin (2019) explained the relation-
ship through the ‘resource curse’ phenomenon, which is when the abundance of natural
resources and high income from exports hinder the development of other industries’
production and exports (Sachs and Warner 2001). Giri, Quayyum, and Yin (2019) find
that developing human capital and reducing trade barriers are necessary to enhance
export diversification in developing countries.

A study by Vogel (2022) analyzed data from 36 African countries and 123 trad-
ing partners from 1995 to 2018. The study followed the Bayesian averaging method
and found that regional trade agreements accelerate the diversification of exports of
developing countries. However, the total rent from natural resources, tarifts imposed
on intermediate goods by African exporters, and high bilateral tariffs negatively affect
the degree of export diversification. Vogel (2022) also highlighted the importance of
improving the quality of institutions to enhance the educational system.

Ranjbar and Rassekh (2022) conducted research to examine the relationship between
economic complexity and the effectiveness of inward foreign direct investment (FDI).
The study is framed within a theoretical context that links economic growth to both the
inflow and stock of FDI, while accounting for the complexity of the economy, measured
by the Economic Complexity Index (ECI). This index reflects the capabilities embedded
within a nation’s productive structure. Their empirical analysis reveals that economic
complexity significantly affects how FDI influences growth in host countries. Specifi-
cally, nations with higher economic complexity experience positive benefits from FDI,
whereas those with very low complexity may face negative repercussions. This find-
ing underscores the importance of economic structure in maximizing the advantages
of foreign investments.

In another study, Ranjbar, Saboori, and Gholipour (2023) explored the impact of
tourism development on export product diversification (EPD). Utilizing data from 150
countries and applying a system generalized method of moments (GMM) estimator,
the researchers assessed how tourism development influences EPD and its two dimen-
sions: the extensive and intensive margins. The findings were analyzed by categorizing
countries based on different income levels. The results indicate that an increase in



6 (&) G.SULTANOVA AND H.NASER

international tourist arrivals and tourism receipts significantly boosts EPD. Interest-
ingly, the research also reveals that tourism development has a more pronounced pro-
diversification effect in low-income economies compared to high-income economies.
Furthermore, when examining the sub-dimensions of EPD, it was found that the influ-
ence of tourism development is more substantial on the extensive margin than on the
intensive margin. These insights provide valuable guidance for policymakers aiming to
enhance export diversification through tourism.

Zhang et al. (2023) focused on measuring the export diversification of creative prod-
ucts across 109 countries from 2000 to 2018, employing Theil inequality and Herfind-
ahl-Hirschman concentration indexes. The study further identifies the drivers of export
diversification by specifying a dynamic panel data model and utilizing system-GMM
and quasi-maximum likelihood estimators. The results reveal that accumulated pro-
ductive capabilities, financial development, and structural changes positively impact
the diversification of creative products. Conversely, factors such as economic growth,
trade openness, and FDI tend to lead to greater specialization within a country. This
research emphasizes the necessity for nations to enhance their institutional quality,
allocate resources to support creative industries, and develop robust infrastructures to
promote the diversification of creative exports.

Lectard and Rougier (2018) conducted a study to analyze the relationship between
vertical FDI and export diversification in developing countries. The results indicate
that shifting away from comparative advantage promotes export diversification for
middle-income countries. This is due to the size of accumulated FDI and the country’s
specialization in producing low-value-added goods within global value chains. However,
Lectard and Rougier (2018) explain that attracting FDI will have a negative long-term
impact. An increase in exports of manufactured goods will decrease the manufactur-
ing industry’s added value, which limits the further transformation of an economy’s
production structure and consolidates its specialization in assembly industries.

Dennis (2007) revealed that reducing transaction costs in exports accelerates diver-
sification in developing countries. The study emphasizes the significance of enhancing
trade logistics, infrastructure, and customs efficiency to boost trade flows and promote
economic integration, both within the region and on a global scale. Dennis and Shep-
herd (2011) explained that export costs, international transport costs, and domestic
market access costs significantly negatively impact export diversification in developing
countries. However, simplified customs procedures significantly positively affect export
diversification, creating an equal incentive for all market participants and stimulating
enterprises’ export activities.

Shepherd (2010) assessed the influence of factors such as developing countries’ geog-
raphy by analyzing data from 117 developing countries in 2005. The results show that
a one-standard-deviation reduction in international transport costs, tariffs, and export
transaction costs increases a country’s export markets by 4%, 3.5%, and 12%, respec-
tively. Also, Shepherd’s (2010) study revealed that trade facilitation policies at unilateral,
regional, and multilateral levels positively and significantly impact export diversification.
Beverelli, Neumueller, and Teh (2015) explained that implementing the World Trade
Organization (WTO) Trade Facilitation Agreement rules would positively impact the
extensive margin of export diversification of developing countries, recommending that
developing countries prioritize the implementation of the Agreement within their trade
policies.
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Regarding the impact of exchange rates on export diversification, Sekkat (2016)
gathered data on 55 low- and middle-income countries and found an insignificant
relationship between currency overvaluation and export diversification within manu-
facturing industries. However, Bahmani-Oskooee and Jamilov (2014) conducted a study
on Azerbaijan and concluded the presence of the S-curve. The study also supports
using currency depreciation as an instrument for export diversification in resource-rich
countries.

Gul et al.’s (2024) study used gravity models to assess how the World Bank’s Logis-
tic Performance Index (LPI) affects Pakistan’s exports. Gul et al.’s (2024) results show
that the quality of logistics services, such as reasonably priced shipments, the ability to
track and trace shipments, and trade and logistical transit standards, are all essential
determinants of international trade and can positively impact the increasing levels of
exports.

2.2. Research on the impact of ICT on the development and diversification of
exports

Multiple papers in the literature illustrate that ICT positively impacts production, eco-
nomic growth, and export diversification. For instance, Rao (2001) analyzes the ICT
revolution’s impact on the internationalization of technological activities, particularly
in emerging economies, and its implications for global marketing. The study, using a
transaction cost framework, suggests that ICT tools — such as email and videoconfer-
encing - have reduced market failures that previously justified vertical integration. This
shift enables multinational enterprises (MNEs) to internationalize their R&D and fosters
technology alliances. Consequently, product development strategies are influenced, with
trends toward modular designs and platform strategies. Hybrid governance structures,
like alliances, are expected to grow, enhancing product differentiation in global markets.
For emerging economies, the ICT revolution improves global information exchange,
reducing risks in product development. Countries like India and China, with strong ICT
capabilities, are poised to become key players in this space.

In addition, Oumbé, Djeunankan, and Ndzana (2023) study took a sample of 112
countries from 1986 to 2017, and the results reveal that in the long run, the quality
and quantity of ICT positively and significantly impact a country’s economic complexity
index. Oumbé, Djeunankan, and Ndzana (2023) recommend executing certain measures
that boost ICT quality and quantity to increase economies’ sophistication. Using the
gravity model and looking at 122 countries from 1995 to 2008, Abeliansky and Hilbert’s
(2017) results show a significant positive impact between the data transfer rate per sub-
scription and the data subscriptions per capita of ICT on volumes of bilateral trade in
goods. Abeliansky and Hilbert’s (2017) results reveal that while the quality of ICT is of
greater importance in developing countries, the quantity of ICT is more important in
developed countries.

Gnangnon’s (2020) study examines the impact of Internet penetration on services
export diversification in 100 developing countries from 2000 to 2017. The research
reveals that increased Internet access significantly boosts the diversification of services
exports, particularly in countries starting with lower levels of diversification. The study
also finds that this positive effect is stronger in nations with higher institutional quality,
indicating that effective institutions enable firms to better utilize the Internet for diver-
sifying their export portfolios. These findings suggest that expanding Internet access
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and improving institutional frameworks are crucial for enhancing export diversifica-
tion, thereby supporting more robust and sustainable economic growth in developing
countries.

Also, a study prepared by Ma, Shen, and Chao (2024) evaluated the impact of data
flow provisions on trade in goods and services. The study shows that signing provisions
on the free flow of data can encourage the growth of goods traded by reducing distance
restrictions. As for the trade-in services, the study suggests that signing data free flow
provisions varies depending on the country’s degree of Internet access.

Nham and Bao (2023) conducted a study on 23 European countries with data from
2015 t0 2020 and concluded that digitalization positively impacts export development by
reducing costs and time for export procedures and improving the quality of logistics ser-
vices and transport infrastructure. The results also reveal that the relationship between
digitalization and export diversification is non-linear. Takpara, Djiogap, and Sawadogo
(2022) suggest that trade facilitation measures like physical infrastructure and ICT devel-
opment positively and significantly impact export diversification in sub-Saharan Africa.
Another study conducted by Ouedraogo and Mineyama (2023), looking at panel data
from 151 countries from 1980 to 2014, shows that the quality of transport infrastructure,
ICT infrastructure, and electricity supply are essential factors in export diversification.

To provide a comprehensive overview of the factors influencing export diversification
and the role of ICT, the following Table 1 summarizes key research studies sorted by
their publication year. This table organizes the studies based on their geographical focus
and the main determinants analyzed, offering a structured view of how research has
evolved over time. By examining these studies, we can better understand the diverse
factors impacting export diversification and the contribution of ICT to this process. The
subsequent sections will delve deeper into specific findings and their implications for
economic policy and development strategies.

2.3. Literature gaps

Despite these insights, there are notable gaps in the literature above. Regional studies,
particularly in Latin America, Southeast Asia, and Central Asia, are limited, leaving a
gap in understanding the regional nuances of export diversification. Additionally, much
research relies on data from earlier decades, which may not fully reflect recent trends
and technological advancements. There is also a need for more comprehensive indices to
capture various aspects of ICT development and a deeper exploration of the mechanisms
through which ICT impacts export diversification. Addressing these gaps will provide a
more detailed understanding of how ICT and other factors influence export strategies,
offering valuable insights for policymakers and researchers aiming to enhance economic
development.

3. Theoretical framework

ICT plays a vital role in accelerating export product diversification through several key
channels. ICT enhances market access, improves competitiveness, and facilitates better
market research, all of which support the expansion of export activities (Beverelli, Neu-
mueller, and Teh 2015). It streamlines trade facilitation by reducing transaction costs
and improving logistics, thereby fostering a more dynamic export sector. Additionally,



Table 1. Key research studies on the determinants of export diversification.

Study Year Geographical focus Key factors analyzed

Imbs and Wacziarg 2003 Global Per capita income levels, production diversification

Cadot et al. 2011a 156 countries Trade and income per capita

Cadot et al. 2011b Global Economy size, preferential market access, infrastructure

Naudé and Rossouw 2011 South Africa, India, Brazil GDP per capita, export diversification

Parteka and Tamberi 2011 Global Economic size, geographical location, trade freedom, regional
trade agreements

Dennis 2007 Developing countries Transaction costs, export diversification

Bahmai-Oskooee and Jamilov 2014 Azerbaijan Currency depreciation, export diversification

Jetter and Ramirez Hassan 2015 Global Human capital quality, natural resource rents

Sekkat 2016 55 low — and middle-income countries Currency overvaluation, export diversification

Abeliansky and Hilbert 2017 122 countries ICT data transfer rate, bilateral trade volumes

Lectard and Rougier 2018 Developing countries Vertical FDI, export diversification

Gnangnon 2020 Developing countries Internet penetration, service export diversification

Roa 2021 Emerging economies ICT applications, internationalization of technological activities,
implications on marketing

Ranjbar and Rassekh 2022 Sample 1: 79 countries Economic complexity, FDI, human capital

Sample 2: 105 countries

Takpara et al. 2022 Sub-Saharan Africa ICT development, export diversification

Vogel 2022 36 African countries Regional trade agreements, natural resource rents

Gul etal. 2023 Pakistan Logistics quality, export levels

Maetal. 2023 Data flow provisions, trade growth

Nham and Bao 2023 23 European countries Digitalization, export development

Oumbé et al. 2023 112 countries ICT quality, economic complexity

Ranjbar, Saboori, and Gholipour 2023 150 countries Export product diversification (EPD), productive capacity index,
real GDP per capita (and its square term), domestic credit to the
private sector by banks (as a percentage of GDP), value added in
the manufacturing and service sectors (as a percentage of GDP),
net inward FDI flow (as a percentage of GDP), and total foreign
trade (as a percentage of GDP)

Zhang et al. 2023 109 countries Theil inequality and Herfindahl - Hirschman concentration indexes

Chang et al. 2024 Top ten exporters including China, the US, France, Italy, the Real GDP per capita, HH, Gini index, Theil index, gross capital

UK, Germany, India, Switzerland, Singapore, and the

Netherlands.

information, population growth rate, human capital, inflation
rate, government consumption expenditure, volatility in GDP
per capita growth rate.

Source: Authors.
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ICT contributes to human capital development by providing online education and train-
ing, which helps build a skilled workforce capable of managing diverse export activities
(Nham and Bao 2023). Moreover, ICT improves the quality of institutions by pro-
moting transparency, reducing corruption, and automating administrative procedures,
creating a more favorable business environment (Vogel 2022). These channels collec-
tively enhance the capacity of economies to diversify their export products (Oumbé,
Djeunankan, and Ndzana 2023).

In this section below, we will discuss the literature review for each trade facilitation
channel, human capital channel, and institutional quality channel.

3.1. Trade facilitation channel

ICT improves trade facilitation by streamlining customs procedures, enhancing trans-
parency, and reducing transaction costs. This efliciency supports the expansion of
export activities and product diversification. The World Trade Organization (WTO)
Trade Facilitation Agreement, as discussed by Beverelli, Neumueller, and Teh (2015),
highlights that implementing ICT-related trade facilitation measures positively impacts
export diversification (Beverelli, Neumueller, and Teh 2015). Billon and Rodriguez-
Crespo (2020) applied a gravity model. They found that mobile phone subscriptions
significantly positively affect exporters, broadband subscriptions positively affect both
trading partners, and internet use favors importers. Digital technologies play an essen-
tial role in boosting global trade through the development of e-commerce and increasing
trade and border efficiency. Since ICTs provide accessibility and transparency of infor-
mation on export, import, and transit requirements, implementing them can positively
affect international trade by increasing operating efliciency, lowering costs, and pro-
moting the implementation of the Trade Facilitation Agreement (TFA) (UN.ESCAP
2016). Automation of customs procedures reduces customs clearance time and costs
and increases customs bodies’ effectiveness and transparency. Thus, ICTs help decrease
transaction costs in global trade by simplifying and modernizing export and import
procedures.

In addition, trade facilitation plays an essential role in export diversification. A study
by Zaki (2014), following the computable general equilibrium model, found that reduc-
ing administrative barriers improves export diversification in the most time-sensitive
industries, such as food, electronics, and textiles. Also, another study conducted by Den-
nis and Shepherd (2011) gathered data from 118 developing countries and found that
export costs and market entry expenditures adversely influence the export diversifica-
tion of developing countries. Thus, setting and implementing trade facilitation measures
and improving customs procedures are vital for export diversification.

H1: ICT development helps decrease the concentration levels of export portfolios in developing
countries.

3.2. Human capital channel

ICT development can facilitate human capital accumulation by easing access to edu-
cation through online libraries, educational platforms, and other learning resources.
Oluwatobi, Olurinola, and Taiwo (2016) conducted a study on 32 economies in Sub-
Saharan Africa (SSA) and found that ICT significantly facilitated school attendance at
secondary and tertiary levels. Modern educational methods and interactive learning
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techniques based on ICT instruments can improve students’ educational achievements
(Comi et al. 2017). Fernandez-Gutiérrez, Gimenez, and Calero (2020) also found a pos-
itive influence of ICT usage at school on science PISA scores. The study’s results show
that the impact of ICT on learning outcomes varies depending on the course and the
type of technology used.

Education is a substantial factor in export diversification. The studies of Jetter
and Hassan (2015) and Giri, Quayyum, and Yin (2019) provide evidence for the
importance of primary and secondary education in accelerating export diversification.
Thus, improving the quantity and quality of education are recommended to diversify the
export basket of nations.

ICT can also advance the quality of human capital by facilitating investments in pro-
fessional training. The results of the Batalla-Busquets and Myrthianos (2015) study show
that the level of Internet usage is one of the factors determining the probability of compa-
nies’ investments in training for employees in the Spanish industry. Another advantage
of ICT is increased labor productivity in industrial sectors due to human capital devel-
opment; for instance, Shahiduzzaman, Layton, and Alam (2015) discovered substantial
proof of the beneficial impact of investments in ICT on marginal labor productivity in
Australia using time-series and panel data analysis.

Product diversification requires knowledge accumulation and diffusion among
industries, sectors, and countries. This knowledge dissemination is key to the devel-
opment of technological and innovation capabilities, which are crucial for creating
new export goods and services (Ali 2017). Agosin, Alvarez, and Bravo-Ortega (2012)
have found evidence that human capital accumulation positively contributes to export
diversification. The accumulation of human capital enables countries to produce more
sophisticated, knowledge-intensive goods, thereby shifting their specialization from
commodities to high-value-added manufacturing goods and services. The high qual-
ity of human capital is a vital factor in research and development (R&D), which leads to
the creation of new products for exports. Therefore, by enhancing the quality of human
capital, ICT provides a favorable ground for export diversification.

H2: Human capital development is a crucial pathway through which ICT positively influences
export product diversification in developing countries.

3.3. Institution quality channel

ICT significantly enhances the quality of institutions, which is crucial for fostering export
diversification. By enabling better governance, transparency, and public service delivery,
ICT helps create a stable and favorable environment for businesses to expand their export
activities. Vogel (2022) highlights that improved institutional quality, supported by ICT,
accelerates export diversification by creating a more conducive business environment.
Empirical literature supports the role of ICT in improving institutional quality. Ali
(2020) found that ICT promotes democracy and reduces corruption, though the effects
vary between developed and developing countries. The usage of the Internet and mobile
technologies has been shown to increase democratic engagement. Additionally, Bhat-
tacherjee and Shrivastava (2018) observed that ICT’s capability to track, document,
analyze, and transmit large volumes of information aids in identifying and prosecuting
corrupt activities, thereby discouraging future corruption. Furthermore, ICT enhances
institutional quality by automating administrative procedures, reducing bureaucracy,
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and increasing the transparency of government operations (Oumbé, Djeunankan, and
Ndzana 2023).

Scholars emphasize the importance of institutional quality in promoting export
diversification. For instance, Parteka and Tamberi (2013) found that higher-quality
institutions positively impact export diversification. This perspective is reinforced by
Cadot et al. (2011b), Giri, Quayyum, and Yin (2019), and Vogel (2022), who under-
line that improvements in institutional quality, facilitated by ICT, play a critical role in
supporting and accelerating export diversification. Thus, ICT contributes positively to
export diversification by enhancing the quality of institutions.

H3: ICT development promotes the alignment of developing countries’ export structure with
global export patterns.

4. Research methodology and data description
4.1. Model construction

The impact of ICT development on the export concentration index is estimated using
the following equation:

Yit = ¢ Yi—1 + Bict_indexiy + y X}, + di + €it (1)

where Y is the export concentration index for country i in year f;

Yii—1 - lagged value of the export concentration index of country i in year #-1;

ict_index;j — the value of the ICT index of country i in year t;

X},— vector of control variables;

d; — dummy time variable;

&ir — error term;

o, f,y - estimated coefficients.

To dynamically analyze panel data using equation (1), the GMM estimation method
that was proposed by Arellano and Bover (1995) and improved by Blundell and Bond
(1998) has been used in this paper. This method is utilized to analyze panel data in which
the number of observed objects (N) is greater than the number of periods (T) (N > T).
The assumptions on the data generation process under the system GMM assessment are
the following (Roodman 2009):

e the process can be dynamic, and the previous value of the dependent variable can
affect its current value;

e randomly distributed individual fixed effects may be observed;

e some predictors may be endogenous;

e idiosyncratic residuals (separate from fixed effects) may have individual-specific
properties of heteroskedasticity and autocorrelation;

e idiosyncratic residuals are not correlated across individuals (countries);

Additional model assumptions include (Roodman 2009):

e some regressors may be predetermined but are not strictly exogenous (for example,
a lagged dependent variable);

e the number of time periods may not be large (small T, large N);

e external instrumental variables may be incorporated in the model.
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The general dynamic GMM estimation model is as follows:
Vit = ayig—1 + X B + €ir (2)
it = Mi+ Vit
E(ui) = E(vi) = E(uivit) =0

where y;;_1 are predefined regressors, which may contain lagged values of y, and
endogenous regressors, all of which can be correlated with ¢;; X’ - vector of exogenous
regressors.

In equation (2), the residual term consists of two orthogonal components: fixed effects
4 and idiosyncratic shocks v;;. Equation (2) can be rearranged as follows:

Ayir = (@ — D)yip—1 + X, + €ir (3)

Accordingly, the model can be equally considered for current values y and increases of
y. A system of two equations (one equation per period) is built by the system GMM
estimator. This method allows the introduction of different instrumental variables that
apply to each equation. To obtain the transformed form of the equation, instead of sub-
tracting the previous observation from the current one, orthogonal deviations are used
- subtracting the average value of all future available observations of the variable from
the current value, which minimizes data loss if there are gaps in the sample (Arellano
and Bover 1995). Due to gaps in the collected database, orthogonal deviations are used
in the transformed equation. The robust option is used to obtain standard errors that are
robust to heteroskedasticity and autocorrelation.

The system GMM technique has some advantages over other panel data methods.
First, the system GMM effectively addresses endogeneity issues that arise from unob-
served heterogeneity and measurement error as it uses internal instruments derived
from the lagged values of the outcome and explanatory variables (Arellano and Bover
1995). Second, it is beneficial for estimating models where past values of the depen-
dent variable influence its current value, allowing for a more accurate representation of
dynamic relationships. Third, the system GMM is exceptionally reliable in short panels
where the number of periods is limited relative to the number of cross-sectional units
(Roodman 2009).

After conducting a system GMM assessment, the Arellano and Bond (1991) test
is used for serial correlation of an idiosyncratic residual v;;. Failure to reject the null
hypothesis of insignificance of the residuals AR (2) indicates the absence of serial correla-
tion of the residual term. The instruments’ overall validity is tested using the Hansen test
of over-identifying restrictions (Hansen’s test 1982). Failure to reject the null hypothesis
specifies the correct choice of instrumental variables.

To estimate equation (1), one- and two-step versions of the system GMM esti-
mation are used. In comparison to the difference GMM estimator, the system GMM
estimator offers several benefits. The system GMM estimator surpasses the difference
GMM estimator in unbalanced panels (Roodman 2009). The system GMM estimator
enhances accuracy and minimizes finite sample bias in the first-difference GMM esti-
mator, according to Blundell and Bond (1998). Furthermore, some recent studies in
the literature (e.g. Agosin, Alvarez, and Bravo-Ortega 2012; Cadot et al. 2011a; Lectard
and Rougier 2018; Ranjbar, Saboori, and Gholipour 2023; Shepherd 2010; Zhang et al.
2023) support the use of the system GMM technique in investigating the determinants
of export diversification.
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4.2. Variable measures and data sources

The export concentration index, available on the UNCTAD statistics database, is cho-
sen as the dependent variable to analyze the impact of ICT on the degree of export
diversification of selected developing countries.

This indicator is a normalized Herfindahl-Hirschmann index of the product concen-
tration of the country’s merchandise exports. The formula for calculating this index is

the following:
Xjj 1 N
Hj = ) (_ )f [ ; (4)

N

Here, H; is the export product concentration index for country j, x;; is the value of
exports of product i by country j, X; is the total value of exports of country j, and N
is the number of products exported at the three-digit level of the SITC Revision 3. The
index ranges from zero to one, with a larger value indicating a higher concentration of
merchandise exports structure. The index value close to zero denotes the high level of
export diversification, i.e. the county’s exports are equally distributed among all products
(UNCTADStat 2019).

The second variable of interest is the ICT index, which was constructed in accor-
dance with the methodology of the International Telecommunication Union (ITU) for
calculating the ICT Development Index - the composite index combined with eleven
indicators reflecting the ICT infrastructure, ICT usage, and ICT skills (ITU 2009). The
following indicators were chosen for creating the ICT index implemented in our study:
(1) fixed-telephone subscriptions per 100 inhabitants; (2) percentage of individuals using
the Internet; (3) fixed-broadband subscriptions per 100 inhabitants; (4) mobile-cellular
telephone subscriptions per 100 inhabitants. The data for these indicators come from the
World Development Indicators (WDI) database. The value of all indicators was stan-
dardized, and the ICT index was calculated using the Principal component analysis
(PCA) method, a statistical method for multivariate data reduction (Jackson 2005). After
predicting the ICT index, its values were recalculated to obtain the numbers between
zero and one (See Appendix 1 for more information on the results of PCA).

Control variables were chosen according to the main determinants of export diver-
sification indicated in the literature. Control variables are grouped into macroeconomic
indicators (GDP per capita (in constant 2015 US dollars), population (number of peo-
ple), total rents from natural resources (% of GDP), domestic credit to the private sector
(% of GDP), foreign trade turnover (% of GDP), foreign direct investment, net inflow
(% of GDP)); infrastructure development indicators (access to electricity (% of popu-
lation)); human capital development indicators (primary school enrollment (% gross),
preprimary school enrollment (% gross)). The data for these indicators were taken from
the 2022 World Development Indicators (World Bank 2022). Some of the empirical
studies that justify the inclusion of these variables in the analysis are (Dennis and Shep-
herd 2011; Giri, Quayyum, and Yin 2019; Jetter and Ramirez Hassan 2015; Lectard and
Rougier 2018; Parteka and Tamberi 2011; Shepherd 2010; Vogel (2022). The definitions
of the selected variables given in the data sources are shown in Table 2.

For an econometric analysis, statistical data are selected for 110 emerging market and
developing countries (according to IMF classification) for 2000-2019. Various cutoffs



Table 2. Definitions and sources of the selected variables.

Variable name

Description

Source

Export concentration index

Export diversification index

GDP per capita (constant 2015 US$)
Population, total (people)

Total natural resources rents (% of GDP)

Domestic credit to private sector (% of GDP)

Trade (% of GDP)

Foreign direct investment, net inflow (% of GDP)
Access to electricity (% of population)
Subscription to broadband Internet access (per

100 people)
Individuals using the Internet (% of population)

Fixed telephone subscriptions (per 100 people)

School enrollment, primary (% gross)

School enrollment, preprimary (% gross)

Normalized Herfindahl-Hirschmann index of the product concentration of
the country’s merchandise exports.

Index measuring the absolute deviation of a country’s export structure
from the world export structure.

Gross domestic product divided by midyear population.

Total population is based on the de facto definition of population, which
counts all residents regardless of legal status or citizenship. The values
shown are midyear estimates.

Total natural resources rents are the sum of oil rents, natural gas rents, coal
rents (hard and soft), mineral rents, and forest rents.

Domestic credit to private sector refers to financial resources provided to
the private sector by financial corporations, such as through loans,
purchases of nonequity securities, and trade credits and other accounts
receivable, that establish a claim for repayment.

Trade is the sum of exports and imports of goods and services measured
as a share of gross domestic product.

Net inflows (new investment inflows less disinvestment) in the reporting
economy from foreign investors divided by GDP.

The percentage of population with access to electricity.

Fixed subscriptions to high-speed access to the public Internet (a TCP/IP
connection), at downstream speeds equal to, or greater than, 256 Kbit/s.

Internet users are individuals who have used the Internet (from any
location) in the last 3 months. The Internet can be used via a computer,
mobile phone, personal digital assistant, games machine, digital TV etc.

The sum of active number of analogue fixed telephone lines, voice-over-IP
(VolIP) subscriptions, fixed wireless local loop (WLL) subscriptions, ISDN
voice-channel equivalents and fixed public payphones.

Total enrollment in primary education, regardless of age, expressed as a
percentage of the population of official primary education age.

Total enroliment in pre-primary education, regardless of age, expressed as
a percentage of the total population of official pre-primary education
age.

UNCTAD Stat (2022)
UNCTAD Stat (2022)

World Bank (2022). World development indicators
World Bank (2022). World development indicators

World Bank (2022). World development indicators.

World Bank (2022). World development indicators

World Bank (2022). World development indicators
World Bank (2022). World development indicators

World Bank (2022). World development indicators
World Bank (2022). World development indicators

World Bank (2022). World development indicators

World Bank (2022). World development indicators

World Bank (2022). World development indicators

World Bank (2022). World development indicators

Source: Authors.
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Table 3. Descriptive statistics of the selected variables.

Variables Obs. Mean Std. Dev. Min Max
Concentration index 2200 0.357 0.210 0.063 0.976
Diversification index 2200 0.710 0.122 0.353 0.935
GDP per capita 2179 5268.934 8208.136 255.100 73493.269
Population (mIn people) 2200 51.8 173.7 0.265 1410
Total natural resources rents 2194 9.473 11.096 0.002 65.318
Domestic credit to private sector 1879 34.298 28.871 0.002 165.39
ICT Index 1662 0.2692 0.2044 0 1
School enrollment, primary 1913 103.159 14.822 32.356 150.786
School enrollment, preprimary 1635 46.346 31.466 0.577 160.081

Obs. refers to number of observations; Std. Dev. refers to standard deviation.
Source: Authors.

were considered for removing countries from the sample, for example, only considering
economies with all observations for the export concentration and diversification indices
and excluding countries that frequently lack data across regressors (the list of countries
in the sample is presented in Appendix 2).

Table 3 demonstrates the descriptive statistics of selected variables. The minimum
value of the export concentration index in the specified sample of countries is 0.063, and
the maximum is 0.976. The values of the export diversification index for a sample of
countries for 2000-2019 are in the range of 0.353-0.935. A higher value of both indices
characterizes a higher degree of export concentration and a lower degree of export diver-
sification. The statistics indicate that developing countries in the sample recorded a mean
export concentration index of 0.357, which is relatively low. At the same time, the mean
of the export diversification index for developing countries in the sample is 0.710, which
is relatively high. The minimum value of the ICT index is zero, and the maximum is one,
with a mean of 0.269. A higher ICT index value means a more developed ICT infras-
tructure. A more advanced ICT sector fosters digital transformation that can increase
economic growth through new technologies, significantly reduce transaction costs, and
facilitate international trade.

5. Empirical findings and discussions
5.1. Preliminary analysis

We conducted preliminary tests before applying the system GMM estimation in our
empirical investigation. To be precise, the Fisher-type unit root test (Dickey-Fuller and
Phillips-Perron category tests) was employed to find the presence of unit roots (Choi
2001). One of the benefits of this test is that it does not require a balanced panel, unlike
the Im-Pesaran-Shin test (Maddala and Wu 1999). Fisher-type tests incorporate the p-
values from individual unit root tests for each cross-section to derive an overall test
statistic (Choi 2001). This flexible approach allows the tests to be conducted even when
some cross-sections have missing data, as long as there are enough observations across
the panel. The null hypothesis of the Fisher-type test is that all panels contain a unit root,
and the alternative hypothesis is that at least one panel is stationary. The null hypothe-
sis is rejected if the p-value of the inverse chi-squared is below 0.1, 0.05, and 0.01. The
unit root test results displayed in Table 4 show that all variables are stationary at the I(0)
order of integration. We proceeded to the regression analysis using the system GMM
estimator. A maximum of two lags of dependent and independent variables were used as
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Table 4. Fisher Unit root test results (Inverse chi-squared).

Variables 1(0)

Concentration index 455.40***
Diversification index 383.90***
ICT Index 405.47***
GDP per capita 401.26***
Population 879.28***
Total natural resources rents 301.73***
Domestic credit to private sector 319.06***
School enrollment, primary 281.57***
School enrollment, preprimary 279.93***

wsxrefer to statistical significance at the 1% level.
Source: Authors.

Table 5. Results of correlation checks.

Variables (1) (2) (3) 4 5) (6) @ (8)
(1) Concentration index 1.000

(2) Lag of concentration index 0.973 1.000

(3) GDP per capita 0.011 0.012 1.000

(4) Population —0.186 —0.185 —0.050 1.000

(5) Total natural resources rents 0.665 0.657 0.229 —0.083 1.000

(6) Domestic credit to private sector —0.429 —0.427 0290 0.285 —0.255  1.000

(7) ICT Index —0.221 -0.223 0496 —0.024 —-0.103 0.491 1.000

(8) School enrollment, primary —0.155 —0.146 0.046 —0.023 —0.059 0.073 —0.078 1.000

Source: Authors.

instruments in the model because of the concern over too many instruments (Roodman
2009).

A correlation matrix of variables has been constructed to examine the presence and
nature of the relationship between the response and predictors, as shown in Table 5. A
relatively strong (compared to other variables in the model) positive relationship has
been found between the export concentration index and total natural resources rents
(0.665), a relatively moderate negative relationship between the outcome variable and
domestic credit to the private sector (—0.429), as well as the ICT index (—0.221), a rel-
atively weak negative correlation between export concentration index and population
(—0.186), as well as primary school enrollment (—0.155), and extremely weak positive
correlation between the dependent variable and GDP per capita (0.011). There is no high
correlation ( > 0.7) found between the regressors, which could lead to a multicollinearity
problem. The obtained signs of correlation coefficients coincide with the expected signs,
meaning that countries obtaining high natural resource rent tend to have a more con-
centrated structure of exports, while the countries with more developed financial and
ICT sectors are more likely to have a more diversified export portfolio.

The scatterplot, which shows the ICT index on the x-axis and the export concen-
tration index on the y-axis, also indicates relatively moderate feedback between the
variables. In other words, the development of ICT in developing countries is associated
with a decline in the degree of concentration of their export basket (Figure 1).

5.2. Benchmark estimates

A dynamic panel data analysis has been conducted using the one-step and two-step sys-
tem GMM estimation method to discover the relationship between ICT development
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Figure 1. Scatterplot of export concentration index and ICT index.
Source: Authors.

and the degree of export concentration. The variables used to explain changes in
the dependent variable are the one-year lagged export concentration index, GDP per
capita, population, ICT index, total natural resources rents, domestic credit to the pri-
vate sector, and primary school enrollment. In addition to the indicated regressors,
the model included trade (as a percentage of GDP), net FDI inflow (as a percent-
age of GDP), and access to electricity (as a percentage of population) as instrumental
variables.

Table 6 presents the results of one- and two-step system GMM regression for this
study. The outcomes of the analysis indicate that a decrease in the export concentration
index of developing countries is associated with the development of ICT. In the two-
step GMM estimation model, the coefficient of the ICT index is significantly negative at
the 5% significance level. All other things being equal, an increase in the ICT index by
one unit relates to a decrease in the export concentration index by 0.0339. This result
is consistent with the Takpara, Djiogap, and Sawadogo (2022) study, where the authors
found that a 1% increase in the accessibility of ICT and its usage in production is con-
nected with a 0.378-point rise in export diversification in SSA. As for the controlling
variables, in the dynamic two-step GMM estimation model, the significant factor that
has a reverse impact on the export concentration index is domestic credit to the private
sector, which is consistent with the effect revealed in Giri, Quayyum, and Yin (2019).
We find that the one-year lagged export concentration index coefficient is positive and
statistically significant at the 1% level in both models. If the country had a more concen-
trated export structure in the previous year, it tends to have a similar export structure
in the next year. Substantial changes in the export structure occur in the long term by
adding new products and moving from shipping primary commodities to the exports
of high-value-added goods. In a one-year period, the changes in the export concentra-
tion index are usually not considerable. The total rent from natural resources also has
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Table 6. One-step and two-step system GMM estimation results on the effect of ICT index on export concentration
index.

M i)
One-step system GMM estimation ~ Two-step system GMM estimation

Variables Concentration index Concentration index
Lag of concentration index 0.7900*** 0.7928***
(0.0646) (0.0837)
GDP per capita (thousand US dollars) 0.000003 0.000007
(0.0002) (0.0002)
Population (min people) —0.00002** —0.00002
(0.00001) (0.00001)
ICT Index —0.0473*** —0.0339**
(0.0142) (0.0161)
Total natural resources rents 0.0022*** 0.0021**
(0.0007) (0.0008)
Domestic credit to private sector —0.0002** —0.0002*
(0.0001) (0.0001)
School enrollment, primary —0.0004** —0.0002
(0.0002) (0.0002)
Constant 0.1215*** 0.1028**
(0.0348) (0.0473)
Number of observations 1208 1208
Number of countries 102 102
Year fixed effects Yes Yes
Hansen p-value 0.173 0.173
AR(1) p-value 0.000 0.000
AR(2) p-value 0.842 0.877

w4, %+, and = Refer to statistical significance at the 1%, 5%, and 10% levels, respectively; the values in parentheses
indicate the robust standard errors.
Source: Authors.

a significant positive impact on the export concentration index. This result aligns with
Vogel (2022), who also found a significant favorable influence of total natural resources
rents on the export concentration of African countries.

5.3. Assessment of the impact of the interaction between the ICT index and
school enrollment on export diversification

As mentioned in the theoretical framework, ICT can influence export diversification
through human capital channels, making education more accessible, improving educa-
tional outcomes, and facilitating investments in professional training. We created a new
interaction variable by multiplying the ICT index and primary school enrollment vari-
ables to examine this mechanism in the nexus between ICT development and export
diversification. We included GDP per capita, population, total natural resource rents,
and domestic credit to the private sector in a vector of control variables. In addition to
the indicated regressors, the model included trade (as a percentage of GDP), net FDI
inflow (as a percentage of GDP), and access to electricity (as a percentage of population)
as instrumental variables.

Table 7 presents the results of one- and two-step system GMM regression with the
interaction term. The coefficients of the ICT index and primary school enrollment (a
proxy for human capital) are significantly negative. This result suggests that higher
ICT and human capital levels are associated with lower export concentration. How-
ever, the coeflicient of the interaction between the ICT index and school enrollment
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Table 7. One-step and two-step system GMM estimation results on interaction of ICT index and school enrollment
effect on export concentration index.

M )
One-step system GMM estimation  Two-step system GMM estimation

Variables Concentration index Concentration index
Lag of concentration index 0.8051*** 0.8171***
(0.0617) (0.0346)
GDP per capita (thousand US dollars) —0.00002 —0.00005
(0.0002) (0.0001)
Population (mln people) —0.00002** —0.00001
(0.000009) (0.000008)
ICT index —0.1291* —0.1834***
(0.0696) (0.0528)
Interaction of ICT and school enroliment 0.0008 0.0015***
(0.0007) (0.0005)
School enrollment, primary —0.0004** —0.0004***
(0.0002) (0.0001)
Total natural resources rents 0.0021*** 0.0019***
(0.0007) (0.0004)
Domestic credit to private sector —0.0002** —0.0002***
(0.00009) (0.00007)
Constant 0.1243*** 0.1125***
(0.0363) (0.0256)
Number of observations 1208 1208
Number of countries 102 102
Year fixed effects Yes Yes
Hansen p-value 0.142 0.142
AR(1) p-value 0.000 0.000
AR(2) p-value 0.846 0.885

w4k, %%, and = Refer to statistical significance at the 1%, 5%, and 10% levels, respectively; the values in parentheses
indicate the robust standard errors.
Source: Authors.

is significantly positive. This result implies that the level of human capital influences
the relationship between ICT and export concentration. More specifically, it means that
with higher school enrollment rates, the adverse effect of the ICT index on the export
concentration index becomes less pronounced or even reversed. At low levels of school
enrollment, both ICT and school enrollment negatively impact export concentration,
implying that without sufficient education and skills in the labor force, increasing ICT
may not promote export diversification but instead enhance concentration. As the school
enrollment rate increases, the negative impact of ICT on export concentration dimin-
ishes. In other words, firms with a skilled workforce can better leverage ICT to diversify
their exports. Thus, at high levels of human capital, increased ICT may contribute
to a more diverse export portfolio. The pattern of influence of the main controlling
variables does not change: the level of domestic credit to the private sector is asso-
ciated with a decrease in the export concentration index. In contrast, an increase in
total natural resource rents is associated with an increase in the export concentration
index.

6. Robustness check

To check the results’ reliability, the ICT index’s impact on the export diversification index
is assessed based on equation (1).
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Table 8. Results of correlation checks.

Variables (1) (2) (3) (4) (5) (6) (7) (8)
(1) Diversification index 1.000

(2) Lag of the diversification index 0.967 1.000

(3) GDP per capita —0.178 —0.178  1.000

(4) Population —0.318 —0.315 —0.050 1.000

(5) Total natural resources rents 0.313 0.322 0.229 —0.083 1.000

(6) Domestic credit to private sector —0.518 —0.517 0.289 0.285 —0.254 1.000

(7) ICT Index —0.398 —0.412 0496 —0.024 —0.103 0.491 1.000

(8) School enrollment —0.408 —0.410 0.298 0.074 —-0.211 0406 0.557 1.000

Source: Authors.

The export diversification index is calculated by evaluating the absolute deviation of
a country’s export portfolio from the world export composition (UNCTAD Stat).

Nhii — B
5= Ziltu = -
where hj; - share of product i in total exports of country j;

h; — share of product i in total world exports.

The export diversification index ranges between zero and one. A value closer to one
signifies a greater deviation from the global trend.

Correlation analysis of the variables presented in Table 8 demonstrates a relatively
strong (compared to other variables in the model) negative relationship (—0.518)
between the dependent variable and the domestic credit to the private sector. A relatively
strong inverse relationship is also observed between the export diversification index and
school enrollment (—0.408), along with the ICT index (—0.398). A moderate negative
correlation exists between the dependent variable and population (—0.318). The rela-
tionship between the export diversification index and total natural resources rents is
weakly positive (0.313). The correlation between the explained variable and GDP per
capita is relatively weak and negative (—0.178).

Figure 2 shows a negative relationship between export diversification and ICT
indexes. As the ICT index’s value increases, the export diversification index’s value
decreases. Precisely, this reveals that the export composition of developing countries is
approaching the structure of world exports.

The presence of a negative association between the ICT index and the export diver-
sification index is assessed using a one-step and two-step system GMM method. In
addition to the ICT index, the model included as explanatory variables the one-year
lagged value of the dependent variable, GDP per capita and population, total rent from
natural resources, domestic credit to the private sector, and school enrollment. In addi-
tion to the indicated regressors, trade (as a percentage of GDP) and net FDI inflow (as a
percentage of GDP) are also used as instrumental variables.

Table 9 presents the results of one- and two-step system GMM regression with export
diversification index as a dependent variable. The results of the econometric analysis
reveal that the ICT index has a significant negative impact on the export diversification
index. All other things being equal, a one-unit increase in the ICT index is associated
with a decrease in the export diversification index by 0.0968. Among the controlling
variables, population negatively affects the export diversification index. The lagged value
of the dependent variable and the total rents from natural resources positively affect
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Figure 2. Scatterplot of export diversification index and ICT index.
Source: Authors.

the export diversification index. Our findings are consistent with recent studies on the
main determinants of export diversification. For instance, Parteka and Tamberi (2011)
also found a statistically significant negative relationship between the population and
the degree of export specialization. Jetter and Ramirez Hassan (2015); and Lectard
and Rougier (2018) found that total natural resources rents positively affect export
specialization in developing countries.

To check the robustness of the results obtained in the benchmark estimation, we
incorporated the index for ICT in UNCTAD’s Productive Capacities Index database into
equation (1) instead of our ICT index. ICT assesses the availability and incorporation of
communication systems among the population. This encompasses users of fixed-line
and mobile phones, internet access, and server security (UNCTAD 2024). This index
is constructed by the PCA method using fixed broadband subscriptions (per 100 peo-
ple), fixed telephone subscriptions (per 100 people), individuals using the Internet (%
of the population), mobile cellular subscriptions (per 100 people), and secure Internet
servers (per 1 million people) indicators. Data for the first three measurements is derived
from the ITU World Telecommunication/ICT Indicators Database. Data for the last
indicator is obtained from Netcraft (netcraft.com) and World Bank (UNCTAD 2023).
The ICT index in our sample ranges from 1 to 81.23, with a mean of 28.48. A higher
value indicates a more developed ICT sector in the economy. As the structure of UNC-
TAD’s ICT index is almost identical to ours, it provides a reliable basis for the robustness
check.

We have used the same control variables as in the benchmark estimate to explain
changes in the export concentration index. These include the one-year lagged export
concentration index, GDP per capita, population, total natural resources rents, domestic
credit to the private sector, and primary school enrollment. In addition to these, our
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Table 9. One-step and two-step system GMM estimation results on the effect of ICT index on export diversification

index.
m (2)
One-step system GMM estimation ~ Two-step system GMM estimation
Variables Diversification Index Diversification Index
Lag of diversification index 0.7361*** 0.7172***
(0.0624) (0.0645)
GDP per capita (thousand US dollars) 0.0003 0.0004
(0.0003) (0.0003)
Population (min people) —0.00004** —0.00004**
(0.00002) (0.00002)
ICT Index —0.0908*** —0.0968***
(0.0259) (0.0289)
Total natural resources rents 0.0006** 0.0007**
(0.0003) (0.0003)
Domestic credit to private sector —0.0001 —0.0002
(0.0001) (0.0002)
School enrollment 0.00008 0.00001
(0.00009) (0.0001)
Constant 0.2277*** 0.2403***
(0.0528) (0.0540)
Number of observations 1052 1052
Number of countries 100 100
Year fixed effects Yes Yes
Hansen p-value 0.347 0.347
AR(1) p-value 0.000 0.000
AR(2) p-value 0.105 0.114

w4, %+, and = Refer to statistical significance at the 1%, 5%, and 10% levels, respectively; the values in parentheses
indicate the robust standard errors.
Source: Authors.

model incorporates trade (as a percentage of GDP), net FDI inflow (as a percentage of
GDP), and access to electricity (as a percentage of population) as instrumental variables.

Table 10 presents the results of one- and two-step system GMM regression with UNC-
TAD’s ICT index. In the two-step GMM estimation model, the coefficient of the ICT
index is significantly negative at the 5% significance level. All other things being equal,
an increase in the ICT index by one unit relates to a decrease in the export concentra-
tion index by 0.0011. As for the controlling variables, in the dynamic two-step GMM
estimation model, the decrease in the export concentration index is associated with the
increase in population and domestic credit to the private sector. The one-year lagged
export concentration index coefficient is positive and statistically significant at the 1%
level in both models. The total rent from natural resources also has a significant pos-
itive impact on the export concentration index. The obtained results demonstrate the
robustness of the benchmark estimate outcomes.

We continued the robustness check by dividing the countries in the sample into two
groups according to the World Bank country classification by income level and follow-
ing the method of Ranjbar, Saboori, and Gholipour (2023). The group of high-income
economies includes the countries with high- and upper-middle levels of GNI per capita.
The group of low-income economies consists of countries with low- and lower-middle
levels of GNI per capita. We estimated equation (1) for different groups of countries
using the export product concentration index and export diversification index as depen-
dent variables and the constructed ICT index as a key explanatory variable. The findings
for the two income groups are presented in Table 11. The results show that the ICT



24 (&) G.SULTANOVA AND H.NASER

Table 10. One-step and two-step system GMM estimation results on the effect of UNCTAD's ICT index on export
concentration index.

M i)
One-step system GMM estimation ~ Two-step system GMM estimation

Variables Concentration index Concentration index
Lag of concentration index 0.6653*** 0.6710***
(0.0940) (0.0987)
GDP per capita (thousand US dollars) 0.0005 0.0002
(0.0004) (0.0004)
Population (min people) —0.00004** —0.00003**
(0.00001) (0.00001)
ICT —0.0012*** —0.0011**
(0.0005) (0.0004)
Total natural resources rents 0.0033*** 0.0035***
(0.0011) (0.0013)
Domestic credit to private sector —0.0002* —0.0003*
(0.0002) (0.0002)
School enrollment, primary —0.0004 —0.0004
(0.0003) (0.0003)
Constant 0.19471*** 0.1936**
(0.0550) (0.0584)
Number of observations 1484 1484
Number of countries 106 106
Year fixed effects Yes Yes
Hansen p-value 0.187 0.187
AR(1) p-value 0.000 0.000
AR(2) p-value 0.198 0.223

w4, %+, and = Refer to statistical significance at the 1%, 5%, and 10% levels, respectively; the values in parentheses
indicate the robust standard errors.
Source: Authors.

index negatively influences export concentration and diversification indexes in both
income groups. The coefficients of the ICT index are higher for low-income countries,
reflecting a more substantial magnitude of the ICT development’s impact on acceler-
ating export diversification in low- and lower-middle-income countries than in high-
and upper-middle-income economies. These findings suggest that ICT development can
play a significant role in promoting export diversification, particularly in low-income
countries, thereby contributing to their economic development.

For further analysis, we employed the two-way fixed effects method as the alternative
estimator for our model to check the reliability of the study’s results. This model controls
for both unit-fixed effects and time-fixed effects (Imai and Kim 2021). The model helps
reduce estimates’ bias by accounting for unobserved heterogeneity (Halder and Malikov
2020). It also focuses on changes within entities over time, which can provide more pre-
cise insights into causal relationships. The general form of a two-way fixed effects model
can be expressed as follows:

Yir = a + BXi + pi + Ar + €it (6)

where: Yj; is the dependent variable for entity i at time #;
Xijs represents the vector of independent variables;
i captures the entity-specific effects;
At captures the time-specific effects;
¢jt is the error term.
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Table 11. Two-step system GMM estimation results on the effects of ICT index on export product concentration
and export diversification indexes in high-income and low-income countries.

m @

High-income countries Low-income countries

Explanatory variables  Concentration index Diversification index Concentration index Diversification index

ICT Index —0.0204 5 —0.0597 5 —0.15505% —0.1090%
(0.0098) (0.0257) (0.0770) (0.0514)

Control variables Yes Yes Yes Yes
Number of observations 644 554 584 522
Number of countries 45 50 51 50
Year fixed effects Yes Yes Yes Yes
Hansen p-value 0.293 0.312 0.147 0.444
AR(1) p-value 0.000 0.000 0.000 0.000
AR(2) p-value 0.254 0.117 0.971 0.092

=, %%, and = Refer to statistical significance at the 1%, 5%, and 10% levels, respectively; the values in parentheses
indicate the robust standard errors.
Source: Authors.

Table 12. Two-way fixed effects estimation results on the effect of ICT index
on export diversification index.

M

Two-way fixed effects estimation

Variables Diversification Index
Lag of diversification index 0.5802***
(0.0328)
GDP per capita (thousand US dollars) —0.0005
(0.0006)
Population (mIn people) —0.00016***
(0.00005)
ICT Index —0.0393**
(0.0165)
Total natural resources rents —0.0003
(0.0002)
Trade —0.0001
(0.0001)
Constant 0.3166***
(0.0317)
Number of observations 1551
Number of countries 102
Year fixed effects Yes
R-squared (within) 0.4332
R-squared (between) 0.9019
R-squared (overall) 0.8560
Rho 0.7265

=k, %%, and x Refer to statistical significance at the 1%, 5%, and 10% levels,
respectively; the values in parentheses indicate the robust standard errors.
Source: Authors.

Using the two-way fixed effects model, we checked the inverse relationship between
the export diversification and ICT indexes. GDP per capita, population, total natural
resources rents, and trade to GDP ratio were included as control variables in the model.
The option robust was used to obtain heteroskedasticity-robust standard errors. The
estimation results presented in Table 12 reveal that the ICT index significantly negatively
affects the export diversification index. All other things being equal, a one-unit increase
in the ICT index is associated with a decrease in the export diversification index by
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Table 13. Two-step system GMM estimation results on the interaction of UNC-
TAD's ICT index and school enrollment effect on export concentration index.

Variables Two-step system GMM estimation
Concentration index
Lag of concentration index 0.7128***
(0.0540)
GDP per capita (thousand US dollars) —0.00002
(0.0002)
Population (mIn people) —0.00003***
(0.00001)
ICT index —0.0026™**
(0.0007)
Interaction of ICT and school enrollment 0.00002***
(0.000006)
School enroliment, primary —0.0008™**
(0.0002)
Total natural resources rents 0.0037***
(0.0006)
Domestic credit to private sector —0.0003***
(0.00008)
Constant 0.2039***
(0.0372)
Number of observations 1403
Number of countries 106
Year fixed effects Yes
Hansen p-value 0.550
AR(1) p-value 0.000
AR(2) p-value 0.210

=%, #x, and = Refer to statistical significance at the 1%, 5%, and 10% levels,
respectively; the values in parentheses indicate the robust standard errors.
Source: Authors.

0.0393. Among the controlling variables, population negatively affects the export diver-
sification index. The lagged value of the dependent variable has a positive impact on
the export diversification index. The signs and values of the obtained coefficients of the
significant variables closely align with those acquired by the two-step GMM method,
confirming the robustness of our findings.

To check the robustness of the ICT index and primary school enrollment interac-
tion’s effect on the export concentration index, we generated the new interaction term
by multiplying UNCTAD’s ICT index with the primary school enrollment rate. We have
incorporated the same control variables as in the model with the constructed ICT index
and school enrollment interaction. These include the one-year lagged export concentra-
tion index, GDP per capita, population, total natural resource rents, and domestic credit
to the private sector. In addition, the model included trade (as a percentage of GDP), net
FDI inflow (as a percentage of GDP), access to electricity (as a percentage of population),
and index of democratization as instrumental variables.

Table 13 presents the two-step system GMM regression results with the interaction of
UNCTAD’s ICT index and primary school enrollment variable. The results are consis-
tent with those demonstrated in Table 7. The ICT index and school enrollment rate have
adverse effects on export concentration, while the interaction term significantly posi-
tively impacts the export concentration index. These findings imply that the ICT index’s
effect on export diversification depends on the level of human capital development. In
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Table 14. Coefficients of significant variables in the equations of indexes of concentration and diversification of
exports in the long term.

Export concentration index Export diversification index

Variable Coefficient  p-value Variable Coefficient  p-value
ICT Index —0.1638 0.006  ICT Index —0.3424 0.000
Total natural resources rents 0.0102 0.000  Population —0.00015 0.004
Domestic credit to private sector ~ —0.0012 0.001  Total natural resources rents 0.0025 0.007

Source: Authors.

the same way, the relationship between human capital and export diversification is influ-
enced by the level of ICT development. Higher human capital development can enhance
the potential benefits of ICT, leading to higher levels of export diversification.

Finally, the coefficients of the significant variables in the resulting equations in the
long term are calculated. The results are presented in Table 14. In equations with the
export concentration index as the dependent variable, all relevant regressors are signif-
icant at the 1% significance level. The coefficient of the ICT index in the long term is
about 5 times higher than the coefficient in the short term. All other things being equal,
an increase in the ICT index by one unit is associated with a decrease in the export con-
centration index by 0.1638, which is a noticeable effect in the long term. Similarly, the
ICT index has a more pronounced effect on reducing the export diversification index
in the long term. All other things being equal, an increase in the ICT index by one unit
decreases the export diversification index by 0.3424 in the long term. Among the control-
ling variables, the export concentration and diversification indexes are more influenced
by total natural resources rents. This result is accordant with the findings of Jetter and
Ramirez Hassan (2015), where the authors found a significant negative impact of the
share of natural resources in GDP on export diversification in the long run, using the
instrumental variable BMA method. The coefficients of the remaining control variables
do not differ significantly in various specifications of the equations.

7. Conclusions and policy implications
7.1. Concluding remarks

This study explored the dynamic relationship between ICT development and export
diversification by analyzing panel data from 110 countries from 1995 to 2019; after esti-
mating the results using the one- and two-step GMM models, the findings have some
policy implications.

Firstly, the advancement of ICTs in developing countries has significantly contributed
to the diversification of exports and brought their structure closer to the global structure.
The results are reliable since the study used both the constructed ICT index and UNC-
TAD’s ICT index, and similar positive effects of ICT development on export diversifi-
cation were obtained. This paper’s results are consistent with Dahmani, Mabrouki, and
Ben Youssef (2022) study, which confirms that ICT has positively affected value-added
and increased economic growth in Tunisia.

Secondly, the level of human capital development influences the relationship between
ICT and export concentration. Similarly, the level of ICT development influences the
relationship between human capital and export diversification. Studies reveal that the
development of ICT infrastructure positively affects human capital, which increases
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and enables school attendance, improves educational outcomes, and increases labor
productivity (Batalla-Busquets and Myrthianos 2015; Ferndndez-Gutiérrez, Gimenez,
and Calero 2020; Oluwatobi, Olurinola, and Taiwo 2016). Cadot et al. (2011b) empha-
size the importance of human capital for export diversification. This paper investigated
this factor by incorporating the interaction term of the ICT index and primary school
enrollment in the estimation. The results indicate that interaction term positively and
significantly influences developing countries’ export concentration, implying that at high
levels of human capital, increased ICT contributes to a more diverse export portfolio.
Therefore, investments in both ICT and human capital are essential for accelerating
export diversification. Overall, ICT development enhances human capital, which leads
to a more skilled, knowledgeable, and adaptable workforce. This empowers develop-
ing countries to enter new export markets, develop higher-value products, and compete
effectively globally, which leads to more sustainable and diversified export growth.

Lastly, the results suggest that the volume of domestic credit to the private sector (as
a % of GDP) reduces the degree of export concentration in developing countries. In
contrast, an increase in the value of total rents from natural resources leads to a rise in
the export concentration of developing countries.

7.2. Policy implications

Recently, developing countries have taken necessary steps toward export diversifica-
tion to increase and stabilize export earnings and ensure economic growth in the long
run (Agosin 2008). Since this paper’s results suggest that ICT positively impacts export
diversification, several reccommendations can be made. First, governments of developing
economies should ensure adequate provision of ICT quantity and quality by investing in
ICT infrastructure and improving access to internet and telecommunication services
for individuals. Second, policymakers should promote digitalization and the compre-
hensive application of ICTs in different sectors of the economy. To boost international
trade, governments should actively adopt digital technologies in customs body activities
to increase their effectiveness and transparency. Third, firms in developing countries
should be supported in building an online presence to participate in e-commerce, con-
nect with customers, and optimize supply chains. Last, governments of developing
countries should promote greater literacy rates in terms of ICT instrument utilization
and human capital development to enhance export diversification.

Developing countries must prioritize strategic investments in infrastructure, digital
literacy programs, and policies encouraging digitalization to take advantage of ICT’s
full potential for export diversification and sustainable growth. This targeted approach
will empower nations to navigate the unique challenges and maximize the opportunities
digital transformation presents.

7.3. Future recommendations

While there are some research limitations and gaps, this study can contribute signifi-
cantly to the literature examining the relationship between ICT and export diversifica-
tion. Some recommendations to further enhance this research include conducting an
in-depth analysis of the other channels through which ICT expansion influences export
diversification in developing nations and how they can adopt various strategies for boost-
ing export diversification to ensure economic growth. Also, it is recommended that
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indicators reflecting the quality of ICT services and infrastructure be included in the
model to assess their impact on developing countries’ export diversification.
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Appendices
Appendix 1

The principal component analysis (PCA) is typically considered a data reduction statistical approach. It
lessens the number of variables in an analysis by describing a set of uncorrelated linear combinations of
the variables that interpret the majority of the variance. Aside from data reduction, the eigenvectors of
a PCA are frequently examined to understand more about the underlying structure of the data. PCA is
implemented in the case of substantial correlation among the original variables.

PCA aims to find components z = [z1, 22, ... , Zp] which are a linear combination u = [uy, up, ...,
up]/ of the original variables x = [x1, x2, ..., xp] that accomplish greatest variance. The first compo-
nent, zi, is given by a linear combination of original variables x and accounts for maximum possible
variance. The second component that is not correlated with the first component captures information
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Table A1. Pairwise correlations of the variables used for the construction of ICT index.

Variables M ) 3) 4
(1) fixed-broadband subscriptions 1.000

(2) individuals using the Internet 0.818* 1.000

(3) fixed-telephone subscriptions 0.614* 0.519* 1.000

(4) mobile-cellular telephone subscriptions 0.593* 0.807* 0.356* 1.000

Note: The results of correlation analysis indicate relatively strong correlations between all variables
(above 0.5) except the correlation between mobile-cellular telephone subscriptions and fixed-
telephone subscriptions (0.356).

xp < 0.1.

Table A2. Principal components, eigenvalues, and proportion of variance
explained.

Component Eigenvalue Difference Proportion Cumulative

Comp1 2.7134 2.0121 0.7099 0.7099
Comp2 0.7013 0.4242 0.1835 0.8934
Comp3 0.2771 0.1466 0.0725 0.9659
Comp4 0.1305 0.0341 1.0000
Note: The first component has an eigenvalue above one and explains 72%
variation.
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Figure A3. Scree plot of eigenvalues after PCA. The first component has an eigenvalue above one, i.e. this
component explains at least as much of the variation as the original variables.

not captured by the first component. The last principal component has the smallest variance among all
unit-length linear combinations of the variables. PCA maximizes the variance of elements of z = xy,
such that w'u = 1.

In the equation (R - AI)*u = 0, R is the sample correlation matrix of the original variables x, 4 is
eigenvalue (variances of associated components z), and u is eigenvector. Factor loadings are the corre-
lations between the original variables x and the components z, represented as F = cor (x, z) = uD'/2.
The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy assigns values between 0 and 1, with
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small values suggesting that the variables have little in common to support a PCA and values above 0.5
indicating that the variables have enough in common to warrant a PCA.

Table A3. Component loadings.

Comp1
Fixed-broadband subscriptions 0.5395
Individuals using the Internet 0.5747
Fixed-telephone subscriptions 0.4298
Mobile-cellular telephone subscriptions 0.4404

Note: The first component loadings (correlation between
original variables and the components) are above 0.3.

Table A4. Principal components (eigenvectors).

Comp1 Unexplained variation
Fixed-broadband subscriptions 0.5395 0.1591
Individuals using the Internet 0.5747 0.1318
Fixed-telephone subscriptions 0.4298 0.5021
Mobile-cellular telephone subscriptions 0.4404 0.3159

Note: The unexplained variation of fixed-telephone subscriptions and mobile-cellular telephone
subscriptions is 0.50 and 0.31, respectively.

Table A5. Kaiser-Meyer-Olkin (KMO) measure of sampling

adequacy.

Variable KMO
Fixed-broadband subscriptions 0.7093
Individuals using the Internet 0.6516
Fixed-telephone subscriptions 0.8007
Mobile-cellular telephone subscriptions 0.6897
Overall 0.6974

Note: The values of KMO are more than 0.5, which is consid-
ered satisfactory for a principal component analysis.
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Appendix 2
Table B1. List of countries in the sample.
1. Albania 56. Liberia
2. Algeria 57. Madagascar
3.Angola 58. Malaysia
4. Azerbaijan 59. Maldives
5. Argentina 60. Mali
6. Bahrain 61. Mauritania
7.Bangladesh 62. Mauritius
8. Armenia 63. Mexico
9. Barbados 64. Mongolia
10. Bhutan 65. Moldova (the Republic of)
11. Bolivia (Plurinational State of) 66. Morocco
12. Botswana 67. Mozambique
13. Brazil 68. Oman
14. Bulgaria 69. Namibia
15. Myanmar 70. Nepal
16. Burundi 71. Nicaragua
17. Belarus 72. Niger (the)
18. Cambodia 73. Nigeria
19. Cameroon 74. Pakistan
20. Central African Republic (the) 75.Panama
21. Sri Lanka 76. Paraguay
22. Chad 77.Peru
23. Chile 78. Philippines (the)
24. China 79. Poland
25. Colombia 80. Guinea-Bissau
26. Congo (the) 81. Qatar
27. Congo (the Democratic Republic of the) 82. Romania
28. Costa Rica 83. Russian Federation (the)
29. Benin 84. Rwanda
30. Dominican Republic (the) 85. Saudi Arabia
31. Ecuador 86. Senegal
32. El Salvador 87.Sierra Leone
33, Ethiopia 88. Viet Nam
34. Fiji 89. South Africa
35. Gabon 90. Suriname
36. Georgia 91. Eswatini
37. Gambia (the) 92. Syrian Arab Republic (the)
38.Ghana 93. Tajikistan
39. Guatemala 94. Thailand
40. Guinea 95.Togo
41. Guyana 96. Trinidad and Tobago
42.Honduras 97. United Arab Emirates (the)
43.Hungary 98. Tunisia
44.India 99. Turkey
45. Indonesia 100. Uganda
46. Iran (Islamic Republic of) 101. Ukraine
47.1raq 102. North Macedonia
48. Cote d'lvoire 103. Egypt
49, Jamaica 104. Tanzania, the United Republic of
50. Kazakhstan 105. Burkina Faso
51.Jordan 106. Uruguay
52. Kenya 107. Uzbekistan
53. Kyrgyzstan 108. Venezuela (Bolivarian Republic of)
54. Lao People’s Democratic Republic (the) 109. Yemen

55. Lesotho 110. Zambia
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