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i Summary: This study aims to measure the impact of digital transformation on the volume of

i international trade for Brazil, Mexico, South Africa, Egypt, Morocco, India, Malaysia, Indonesia,
Turkey, and Vietnam during the period (2010-2024), using the panel-corrected standard error
method (PCSE), where the study used the international trade volume index as a dependent variable,
and the indicators of the digital economy and technology as independent variables that express :
digital transformation, as well as digital infrastructure variables and other structural variables. The :
results of the PCSE model indicate that digital goods trade, internet use, and human capital are the ;
essential factors driving trade openness in the emerging countries under study, while technical
readiness and infrastructure alone remain insufficient without an institutional environment and i
strong human capital investment, and protectionist policies continue to be a clear constraint on i
trade expansion.
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The Impact of Digital Transformation on International Trade (PP. 57-72)

I- Introduction :

In the last two decades, the global economy has undergone a radical transformation due to the
digital revolution and the development of information and communication technology (ICT), as
international trade is no longer solely dependent on the exchange of physical goods and services,
but has become increasingly dependent on digital platforms, electronically deliverable services, and
online commerce. This transformation has contributed to the reshaping of production and
consumption patterns and global value chains, making digital transformation a pivotal factor in
enhancing the competitiveness and trade openness of countries.

In this context, the ability of countries to employ new technologies and develop their digital
infrastructure has become one of the key determinants of their level of integration into the global
economy, and emerging economies such as Brazil, India, and South Africa are emerging as a living
laboratory for studying these transformations.

Accordingly, this study seeks to analyze the impact of digital transformation on the volume of
international trade in a group of emerging markets with divergent digital experiences during the
period (2010-2024), based on the methodology of economic measurement of the panel's data

1. The Problem of the Study:

Despite the efforts of emerging economies to expand their share of international trade and increase
their integration into global value chains, there is a noticeable disparity in the volume of trade and
the degrees of engagement in value chains, and it is assumed that this disparity is not only due to
trade policies and the institutional environment, but also to the disparity in the capabilities of these
economies in employing the digital economy and technology and linking them to human capital
development policies.

Accordingly, the following research problem can be formulated :

To what extent will digital transformation affect the volume of international trade in a sample
of emerging economies during the period of rapid technological transformation (2010-2024)

2. Sub-questions

1. What is the nature of the relationship between the development of digital goods and services
trade and the volume of international trade?

2. Does the volume of digital services affect the volume of international trade?

3. What is the impact of the country's readiness for modern technologies on international
trade?

4. To what extent does digital infrastructure influence:
o Percentage of Internet users

o Fixed broadband subscriptions on trade volume growth?
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5. How does GDP per capita explain the differences in trade volume between countries?

6. How does investing in human capital affect the volume of international trade in the sample
countries?

7. Do traditional trade barriers still be a barrier to the forces of digitalization and the volume of
international trade?

Based on the problem and sub-questions, the following hypotheses can be formulated to test
the relationship between digital transformation and the volume of international trade:

1. There is a direct relationship between the proportion of trade in ICT goods and the volume
of international trade.

2. The increasing volume of digitally deliverable services is leading to an increase in the
volume of international trade.

3. The high level of technological readiness leads to an increase in the volume of international
trade.

4. Improved digital infrastructure — represented by high proportions of internet users and fixed
broadband subscriptions — is positively impacting the volume of international trade.

5. High tariff rate leads to a decrease in the volume of international trade

6. Improving the level of human capital is positively correlated with the volume of
international trade

7. The rise in GDP per capita contributes to boosting the volume of international trade as an
indicator of a country's economic strength.

3. Study Methodology:

In order to answer the problem of the study and validate the hypotheses, we will adopt the
analytical method and the standard experimental method to measure the relationship between the
variables using various statistical tests.

II— Literature Review:

1. Dahdouh Selim Study 2025: Future Trends of Foreign Trade in Egypt in Light of
Digital Transformation

This study aims to analyze the impact of digital transformation on the future of Egyptian foreign
trade, and to anticipate future trends in light of the rapid technological developments, especially in
the fields of digitalization. The study was based on the analysis of temporal data during the period
(2005-2023), with the prediction of Egyptian exports and imports until 2030 using a model ARIMA

Roa Iktissadia REVIEW, University of Echahid Hamma Lakhdar, Eloued, Algeria, 15, 02, 2025 —



The Impact of Digital Transformation on International Trade (PP. 57-72)

The impact of digital transformation on Egypt's foreign trade was measured using simple
regression, correlation coefficient, and slope tests, the results showed that there is a strong direct
relationship with statistical significance between digital transformation and exports, especially
through the percentage of Internet users and the network readiness index. The forecasting model
also showed that Egyptian exports will reach 104.3§ billion by 2030, thus achieving the declared
national goal. Imports have also been shown to be positively affected by digitization, but to a lesser
extent. The study also concluded that digital transformation has led to: significant growth in
exports, enhanced efficiency of customs procedures through applications such as the Nafza
platform, and enabling SMEs to access African and Asian markets. The study recommends the need
to develop the digital legislative framework, raise the efficiency of technological infrastructure,
increase spending on research and innovation, support small businesses in digital trade, and enhance
institutional integration for the success of digital transformation in supporting foreign trade.
(Dahdouh, 2025)

2. Fathi El-Sayed and Bahi Mohamed Yassin 2025 Study: Measuring the Impact of
Digital Transformation on BRICS* Exports

The study of the impact of digital transformation on exports in the BRICS+ countries is of
particular importance in light of the global economic and digital transformations." To achieve this
goal, the study examined the impact of digital transformation, as well as a set of other governing
variables (GDP, exchange rate, foreign direct investment, trade openness, and inflation) on exports
of goods and services using the Generalized Momentum Method GMM During the reference period
of the study. The study concluded that the digital transformation showed a limited impact, as some
of its indicators were not statistically significant, on the exports of goods and services to the
BRICS+ bloc during the reference period of the study, as macroeconomic variables were the
influential variables. The results of the study showed that the variables of exports slowed by one
delay, GDP, exchange rate, and trade openness have a positive impact on the bloc's exports. The
study recommends that the countries of the bloc should continue to work on improving
macroeconomic indicators, in addition to exerting more efforts to improve digital infrastructure,
promote innovation, and bridge the digital divides between them in order to optimally exploit
digital potential to achieve a significant increase in exports. (Fathi Al-Sayed Youssef Abdel-
Majeed, 2025)

3. Study (Sina Mirzaye, Muhammud mohuiddin 2025): Digital Transformation in
International Trade: Opportunities, Challenges and Policy Implications:

The study aimed to answer the following problem: Do digital tools affect the volume and
composition of cross-border trade? How do these effects differ according to the level of
development of countries and the size of the company? The researchers conducted a systematic
review of the literature that was consistent with PRISMA Covering the period 2010 to 2024, the
results reveal three dominant technology clusters: (1) e-commerce platforms and cloud services, (2)
IoT-powered supply chain solutions, and (3) emerging Al analytics. E-commerce and cloud
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adoption are constantly increasing export intensity — doubling it for digitally mature SMEs — while
Al applications are the fastest-growing branches of research, particularly in Eastern Asia and
Northern Europe. However, the benefits are mixed: businesses in low-infrastructure environments
face higher fixed digital costs, and cybersecurity and regulatory fragmentation remain widespread
obstacles. By integrating the economics of trade with studies of development and the
internationalization of SMEs, this review provides the first comprehensive framework linking
national digital infrastructure and policy support to export performance at the company level. It
explains that the effects of trade-enhancing digitalization depend on a strong broadband penetration,
affordable cloud access, and harmonized data governance systems. (Sina Mirzaye, 2025)

4. Study (Zheng Ye, Yongjia Tong 2022): The Impact of Digital Transformation of
Foreign Trade Enterprises on Their Trade performance

This study aimed to collect data from 27 foreign trade enterprises listed on the Shanghai and
Shenzhen Stock Exchange (A) during the period from 2010 to 2020, and adopt the method of
determining the full text of comprehensive financial reports of enterprises to measure the intensity
of digital transformation. The result shows that the digital transformation of foreign trade
enterprises has an important role to play in enhancing their key trade performance. In terms of how
it works, digital transformation promotes the overall improvement of the core trade performance of
organizations by improving the internal management of organizations and enhancing the mediating
role of the innovation capacity of organizations. Finally, from the point of view of the government
and institutions, some suggestions were made for foreign trade institutions to choose the path of
digital transformation development. (Zheng Ye, 2022)

5. Ahmedov (2020) Study: The Impact of the Digital Economy on International Trade:

This study aimed to explore the role of digitalization and related technologies in international trade
and the impact of changes in the structure and form of international trade, the researcher concluded
that international trade is about to enter a new phase in the development of its organization and
liberalization. This process requires the establishment of general rules for working in a digital
environment and the use of digital technology. After the abolition of border barriers (border
regimes), the reduction and abolition of tariffs, as well as the easing of many non-tariff restrictions
on market activity related to the development of international production (border regimes), a host of
new sciences emerged as a result of the regulation of trade relations in the transboundary virtual
space (transboundary systems). The main areas of this regulation are the standards for combating
cyberattacks, violations of intellectual property rights, certain rules aimed at preventing fraud on the
Internet and e-commerce, and the freedom of movement, storage and use of data (Ahmedov, 2020)

III— Methods and Materials:

1. Study sample:
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This study includes a group of emerging economies: Brazil, Mexico, South Africa, Egypt, Morocco,
India, Malaysia, Indonesia, Turkey, and Vietnam, and represents a mix of Asia, Africa, and Latin
America, and is classified as emerging markets according to the World Bank and the IMF. In
addition, it is witnessing a boom in digital transformation (internet, e-commerce, innovation)

2. Study variables:

This study includes the dependent variable represented by the volume of international trade and
eight explanatory variables, namely: the wvariables that express the digital transformation,
represented by the percentage of digital goods trade in the total trade, international trade in digitally
deliverable services, the readiness index for modern technologies, in addition to the variables that
represent the digital infrastructure, represented by broadband internet subscriptions, the percentage
of Internet users in the population, in addition to other structural variables represented in the
customs tariff rate and the human capital index. and GDP per capita.

e Share of ICT goods as % of total trade: This indicator reflects the extent of the country's
integration into the digital economy through the production and export of goods with high
technological content, as through this approach, countries can increase their integration in
global production chains, especially through backlinks, due to the high added value provided
by the production of these goods.

e International Trade in Digitally Deliverable Services: The world has witnessed a
significant expansion of cross-border services such as software, cloud services... This
indicator reflects the extent to which the digital economy in the services sector contributes to
the overall business activity of countries.

e Frontier Technology Readiness Index: This index reflects the country's ability to adopt
advanced technological technologies such as artificial intelligence, the Internet of Things,
Blockchain, nanotechnology, robotics, big data, and cloud computing, which are a key pillar
in building the competitiveness of digital exports and improving production efficiency.

e The proportion of the population of Internet users and the number of broadband Internet
subscriptions These indicators reflect the actual level of penetration of digital infrastructure
and the extent to which societies use technology, as well as the extent to which national
economies benefit from e-commerce opportunities and digital integration in international
markets.

e Human Capital Index: Human capital consists of knowledge, skills, and health that people
invest and accumulate throughout their lives, enabling them to realize their potential as
productive members of society. Investing in people through nutrition, healthcare, quality
education, jobs and skills helps develop human capital, which is key to ending extreme
poverty and creating more inclusive societies. As noted in the World Development Report
(WDR, 2019): The changing nature of work, the boundaries of skills are moving rapidly,
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bringing opportunities and risks. There is growing evidence that unless countries strengthen
their human capital, they will not be able to achieve sustainable and inclusive economic
growth, will not have a workforce ready for the most skilled jobs of the future, and will not
compete effectively in the global economy. The human element is at the core of the digital
transformation process, because the educational competence and skills of workers are linked
to their ability to absorb modern technologies and invest them in raising productivity and
exports.

e GDP per capita: This indicator is related to national accounts, which are crucial for
understanding and managing a country's economy. National accounts are the basis for
estimating GDP and gross national income, which are the most commonly used indicators of
economic performance, as high levels of income are expected to contribute to enhancing the
technological and logistical capabilities that support trade (WDI, 2025).

e Tariff rate: This indicator reflects the degree of trade openness and protectionist policies, as
they have a direct impact on the flow of goods and services across borders, as high tariffs
usually constitute an obstacle to the expansion of foreign trade.

Table (Appendix 01) shows the definition of each indicator and its data source
3. Standard Methods and Tests:

STATA 17 software is relied on to perform standardized tests and select the appropriate
model

The model adopted in this study will be estimated according to the following equation:
Trd = f (ICTg, dds, Ftri, NETbbnd, NETuser, Trate, HCI, GDPP)

Since the study variables are panel data, (Panel data), which are panel data whose first
dimension is the cross-sections (10 countries), and the second dimension is the time series (the
period 2010-2024). Since both the number of cross-sections (countries) and the length of the time
series (years) are small, we will rely on the benchmark analysis of the panel, through Pooled
regression model the option of differentiating between the panel's data models in their main forms,
namely: Pooled Regression Model (PM) Fixed Effects Model (FEM), Random Effects Model
(REM). (Baltagi, 2013)

Standard tests: The literature on the econometric analysis of the panel's data requires several
tests and estimates, and they can be summarized as stated in this study as follows:

O Fisher's statistical test is used to compare the pooled model with the fixed effects model,
where the null hypothesis indicates that the pooled model is best;

O Hausman test for the trade-off between the fixed effects model and the random effects
model, where the null hypothesis suggests that the preferred model is random versus fixed
effects;
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O The Breusch and Pagan-Lagrangian test is a test for the trade-off between the random
and pooled model, where the null hypothesis indicates that the aggregate model is
better versus the random model;

o Wald Modified test for heteroskedasticity of fixed effects regression models, where the

null hypothesis indicates the homogeneity of the variances of the fixed effects model;

O Born and Breitung (2016) HR-test for Autocorrelation

O The LM Pagan-Breusch test for residual independence of cross-sections, where the null

hypothesis of residual independence indicates cross-sections of the panel model,

O Winsten—Prais estimation which is based on calculating the Corrected Panel Standard

Error (PCSE) estimates for time series models of linear cross-sections where the

parameters are estimated by either the OLS or Winsten—Prais regression. When calculating

standard errors and contrast-heterogeneity estimates, it is assumed that the interference is,
by default, heterogeneous and associated with synchronization across the panel;

O Kraay and Driscoll's estimation where it produces standard errors for coefficients

estimated by pooled WLS/OLS effects regression, fixed effects, or random GLS

regression. The error structure is also assumed to be heterogeneous, linked to each other
with some slowdown, and even inter-group (panel);

O The FGLS estimation is suitable for linear models of panel data using feasible

generalized least squares (FGLS). It allows estimation in the presence of an AR (1) within

the panel, cross-sectional correlation and heterogeneity of variances across the panel. ;

O The Robust standard errors is commonly used to ensure correct statistical inference

when some assumptions of the underlying regression model are violated. Provided that the

residuals are distributed independently, the standard errors obtained by this estimator are
consistent even if the residues are heterogeneous.
IV- Results and discussion :

1. Descriptive statistics of the model:

Appendix 2 shows, the table reflects clear differences between countries in terms of their
ability to exploit digital transformation to support their international trade, where high levels of
digitalization and technological readiness are associated with high trade volume and openness,
while economies with high tariffs and weak digital connectivity suffer from limited trade
performance.

While the descriptive statistics in Table 3 (Appendix 3) show that the selected sample is
characterized by a wide variation in the variables of digitalization, trade openness and human
development, which is suitable for conducting a panel analysis that measures the impact of digital
transformation on international trade, as the table shows a difference between countries in the
degree of their integration in global trade, where the values ranged between 22.77 and 186.67, while
the descriptive statistics from the table showed that there is a significant difference in the level of
digitization of the sector. Services between the countries under study, while the technological
readiness index showed a relative convergence in the level of readiness to adopt modern technology
among the sample countries, while the percentage of digital goods trade in the total trade reached
about 8.64% as a general average, with a clear difference between countries (deviation = 11.55),
which indicates the difference in the extent of the contribution of digital commerce to the national
economy. The data also showed that the average fixed broadband subscriptions and internet users
are a relative expansion in digital infrastructure despite the gaps between countries in terms of the
tariff rate, which reached 7.95%, which is an average indicator that reflects relative trade openness
in the sample. The Human Capital Index recorded an average of 0.56, which is an acceptable level
for emerging countries, while the average GDP per capita reached about 6488$% With a wide
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variation between countries (1347$ to 154738), reflecting the diversity of economic structures and
development levels within the sample.

2. Model estimation:

To determine the most appropriate model, two tests are relied upon, the first test to choose
between the pooled model and the fixed effects model, which is the Fisher statistical test if. (F) the
Fisher statistical test indicates the suitability of the pooled model of the data, it stops at this stage
and the pooled model is considered the most appropriate, while if the Fisher statistic indicates the
suitability of the fixed effects model over the pooled model, then the second test of the Hausman
test is performed to determine the preference between the fixed effects model and the random
effects model.(Hausman, 1978)

Estimating the Fixed Effects Model: We estimate the Fixed Effects model, and the results
of the assessment are as follows:

It is clear from the outputs of Appendix 4 that the trade-off between the pooled model and the
fixed effects model is based on the restricted Fisher statistical test (F), which indicates the rejection
of the null hypothesis and the acceptance of the alternative hypothesis, i.e., the fixed effects model
is the best. The next step is to estimate the random effects model

Estimation of the Random Effects Model:

After obtaining the results of the random-effects model, a Hausman test is required to
compare the fixed effects model with the random-effects model. The next step is to make a trade-off
between the random-effects model and the pooled model.

It is clear from the outputs of Table (5) that the null hypothesis is rejected and the alternative
hypothesis is accepted, i.e., the random model is the best. The next step is to differentiate between
the fixed effects model and the random effects model using the Hausman test.

Hausman test for the trade-off between the fixed effects model and the random effects
model:

It is clear from the outputs of Appendix 6 that the null hypothesis is rejected and the
alternative hypothesis is accepted, i.e., the fixed effects model is the best.

To ensure the quality of the fixed effects model, we perform diagnostic tests.

Model Diagnostic Tests: We will test the Born and Breitung (2016) HR-test for
Autocorrelation, the Breusch-Pagan LM test of independence for cross-sectional independence, and
the Modified Wald test for heterogeneity.

We note through the Appendix Table (7) The model does not suffer from the problem of self-
correlation (autocorrelation) according to the results of the Born and Breitung (2016) HR-test. But it
suffers from the problem of heterogeneity of the variances (heteroskedasticity) according to the test
results Modified Wald test (Greene , 2000) , Appendix (8) The model also suffers from the lack
of residual independence of the cross-sections (cross-sectional correlation) as shown by the test
results Breusch-Pagan LM test of independence Appendix (9) This requires addressing standard
problems in the model, and this is done using a number of standard approaches: estimation.
(Driscoll & A. C. Kraay, 1998) feasible generalized least squares (FGLS) (Beck, Katz,
1995)estimate fe _robust, and Panel-corrected standard error (PCSE)It is an alternative to possible
generalized least squares (FGLS)

Estimating the model according to the method PCSE and fe robust and FGLS
Fe_dris_kr ~y: We note that the best model is PCSE (Appendix 11) It contains more significant
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parameters, in addition to containing much fewer standard errors than other models, which is the
standard he referred to (Beck, Katz, 1995) Appendix (10):

We can see from the outputs of the previous evaluation results:

O There is a direct significant relationship between the share of digital goods trade in the
total trade and the international trade volume index, as the increase by one unit in the
variable of the share of digital goods trade in the total trade increases in the volume of
international trade by 2.77 units

O There is an inverse significant relationship between trade in deliverable digital services
and the international trade volume index, as an increase of one unit in the index of
trade in deliverable digital services reduces the volume of international trade by
0.0000856 units.

O The technological readiness index appeared positive but insignificant
O Broadband subscriptions index showed a positive but insignificant signal

O There is a direct significant relationship between the percentage of Internet users and the
International Trade Volume Index, as the increase by one unit in the percentage of
Internet users increases in the International Trade Volume Index by approximately
0.23 units.

O There is an inverse significant relationship between the tariff rate and the international
trade volume index, as the increase by one unit in the tariff rate index decreases the
trade volume index by 1.11 units

O There is a direct significant relationship between the Human Capital Index and the
International Trade Volume Index, as the increase by one unit in the Human Capital
Index increases the volume of international trade by 31,304 units.

O There is an inverse significant relationship between GDP per capita index and the trade
volume index. The increase by one unit in GDP per capita index decreases in the trade
volume index by 0.00327 units.

3. Analysis and interpretation of results:

The results showed a positive significant effect

between the trade of digital goods and the volume of international trade, and this suits the economic
nature of these countries, especially Malaysia, India, Mexico and Vietnam, which have become
major centers of assembly and manufacturing for electronics and information technology
components, so increasing their exports and imports of these goods will lead to an increase in the
volume of their trade, this result shows the success of their strategies in competing in global value
chains, and this was proven by the study of production integration through backlinks, i.e. the
inclusion of imported (foreign) intermediate products in local exports. It leads to a rise in its
technological technology, especially if these parts or components are high-tech such as
semiconductors that are used in high-tech devices and are difficult to produce at the local level, so
the import of components from abroad increases the rise of local export technology. (Bahi, O., &
Bahi, A. M. (2022))The Digital Services Trade Index (DDS) has a negative impact, suggesting that
the growth of trade in digital services has not yet turned into a strong driver of overall trade in these
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countries, and may parallel a transition from trade in goods to services rather than a general
expansion of trade.

The Technology Readiness Index (FTRI), despite the positive trend, suggests that preparedness
alone is not enough; it should translate into actual adoption of advanced technologies in the
industrial and trade sectors. It may mean that technological readiness does not yet translate into
actual business gains without supportive policies (infrastructure, investment, institutions).

As for the Internet Users Index, the results showed that it has a positive and significant impact,
which indicates that the increase in the percentage of Internet users enhances trade, as every 1%
increase in users increases the volume of trade by about 0.23 units, this reflects the impact of digital
transformation in facilitating exchange, information and e-commerce, while the expansion of
broadband subscriptions has not yet clearly affected trade, perhaps because the actual commercial
use of the Internet is low despite the availability of infrastructure.

As for the tariff rate, as expected, every increase in the tariff rate by 1% leads to a decrease in the
volume of trade by 1.11 units, and this explains that despite the attempts at digital transformation,
the traditional trade policy is still dominant because many of the sample countries have protected
sectors and regional trade agreements such as (USMCA for Mexico and ASEAN agreements for
Malaysia and Indonesia) because the reduction of tariffs within these agreements is considered a
key driver to increase trade exchange between them.

Human capital has a positive and strong impact (31,30), which explains why the sample countries
over the past decade have focused on improving education and health, such as Turkey, India,
Indonesia, Malaysia. It has invested in creating a more skilled workforce, which has enabled it to
move from exporting raw materials to exporting higher value-added goods and services (upgrading
in the links of global value chains, as a study has proved), which reflects positively on trade (Bahi,
0., Makhzoumi, L., & Abdellaoui, A. (2021) )The slight negative impact on GDP is consistent with
the idea that countries with higher income levels may rely more on domestic production and
services.

IIV- Conclusions and Policy Recommendations:

1. Conclusions:

The study aimed to measure the impact of digital transformation on international trade in a
group of emerging economies, represented by (Brazil, India, Indonesia, Egypt, Morocco, Mexico,
Malaysia, Turkey, South Africa, and Vietnam) during 2010-2024 The study relied on a model
Regression Using Panel-Corrected Standard Errors of Panel Data (PCSE) This is to address the
problems of residual association of cross-sections and heteroskedasticity, as the results showed:

e The existence of a positive significant effect between the trade of digital goods and the
volume of international trade, which indicates that the increase in the exchange of digital
goods has a positive effect on trade openness and integration into the global economy, thus
increasing the volume of trade, and this proves the validity of the first hypothesis.
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There is a negative significant impact between trade in digitally deliverable services and the
volume of international trade, which is contrary to theoretical expectations, and this result
may be explained by the weak organizational and technical structure in the digital services
sector in some countries, and perhaps to the transition from the trade of goods to the trade of
services, and not to the expansion of the volume of trade as a whole, and this indicates that
the second hypothesis did not receive empirical support in the case of the sample countries.

The insignificance of the technological readiness index explains that technical readiness is
not necessarily reflected in the actual trade performance, which indicates that the third
hypothesis also did not receive empirical support in the sample countries.

As for digital infrastructure, the Internet users index had a positive and significant impact,
reflecting the positive role of Internet penetration in increasing the volume of trade
exchange, while the fixed broadband subscriptions index was not of specialized
significance, which partially proves the correctness of the fourth hypothesis.

The existence of a negative and significant effect between the customs tariff index and the
volume of international trade, and this is in line with economic theories, as customs
restrictions constitute an obstacle to the flow of goods and services, whether physical or
digital, and this proves the validity of the fifth hypothesis.

The existence of a positive and strong significant impact between human capital and the
volume of international trade, which explains that investing in the human element through
education and skills development enhances the competitiveness of the economy and
contributes to improving the efficiency of trade performance, and this proves the validity of
the sixth hypothesis.

There is a negative and significant effect between GDP per capita and the volume of
international trade, which can be explained by the fact that some of the countries with higher
incomes in the sample may depend on their domestic production and services, and this
indicates that the seventh hypothesis has not received empirical support.

Based on these results, it is clear that the positive impact of digital transformation on

international trade is not automatic, but depends on the level of technology employment in the
economy and the type of indicator.

2. Recommendations:

From the results obtained, the following recommendations can be formulated for decision-

makers in emerging countries:

Invest in infrastructure to address the digital divide by investing in high-speed broadband
networks and ensuring their access at affordable prices especially in remote areas.

Develop human capital by reforming vocational education and training systems to keep pace
with the requirements of the digital economy and the global labor market.

Trade liberalization through the negotiation of regional and bilateral trade agreements that
lower non-tariff barriers and facilitate the cross-border flow of digital goods and data.
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- Appendices:

Appendix (01) Study Variables and Data Sources

Variable Definition source

symbol

Dependent variable

Trd Trade volume: It is the sum of exports and imports of goods and services. This World
indicator is expressed as a percentage of gross domestic product (GDP) which is the | Development
total income earned from the production of goods and services in an economic zone Indicators
during an accounting period. DataBank

Independent variables
ICTg Percentage of digital goods trade in total trade Trade in ICT goods is one of the IctGoodsShare
((ITU) L. T., 2025) Key Indicators developed by the Partnership in Measuring ICT
for Development through a consultation process involving national statistical offices
around the world. ((ITU), Partnership in Measuring ICT for Development, 2025)

dds International trade in digitally deliverable services Digitally deliverable services DigitallyDeliverabl
include those services that can be delivered remotely via computer networks. It is eServices

important to note that a digitally deliverable product does not mean that it is always
delivered digitally when traded internationally. Thus, digitally deliverable trade will
be greater than trade that is actually delivered digitally.

Ftri Readiness for new technologies: It includes technological capabilities related to FTRI
physical investment, human capital, and technological effort, and covers national
capacities for the use, adoption and adaptation of these technologies:

* Use - technological knowledge. ¢ Adoption * Adaptation -

NETbbnd Fixed broadband subscriptions refer to fixed subscriptions for high-speed public World
Internet access (TCP/IP connection), with downstream speeds equal to or greater Development
than 256 kbit/s. This includes cable modems, fibre to the home/building and other Indicators
fixed (wired) broadband, satellite broadband and fixed terrestrial wireless DataBank=
broadband.

NETuser Internet users: They are individuals who have used the internet (from anywhere) in World
the last 3 months. The internet can be used via a computer, mobile phone, PDA, Development
game machine, digital TV, etc. Indicators
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DataBank=
Trate Simple Tariff Average: The unweighted average of the rates effectively applied for | World
all products subject to tariffs calculated for all traded goods Development
Indicators
DataBank
HCI Human Capital: The Capital Index calculates the contributions of health and World
education to worker productivity. The final index score ranges from zero to one and Development
measures productivity as a future factor for the child born today relative to the Indicators
standard of total health and full education. DataBank
Gross Domestic Product (GDP): The total income earned from the production of World
GDPP goods and services in an economic zone during an accounting period. Development
Indicators
DataBank
Source: Prepared by the researcher based on databases.
Appendix 02: Descriptive Statistics1
!VII‘!IDI. Mean Std. dev. Min Max Observations
T overall 71.0225 40.35265 22.77218  186.6758 N = 150
between A41.13627 an.92251 1%0.25%11 n= 1e
within 9.754045  34,74905  107.4472 Tw 15
dds overall | 22347.22  47947.29 1654 202429 N = 150
between 4580426 2465,2 151953 n e 10
within 19951 -50243.78 162823.2 Te 18
"tr‘i overall L619333% On7237 .4 . N = 150
‘ between 0773289  ,5066667  .7133333 now 10
b) within LOAGR23  .4793333  .7126667 Ta 15 t
|
1cTE overall 8.6484  11,55046 .12 37,17 N = 150
betwean 11.67799 424 30.31133 n o= 10
within 3.138721 -11,79293  17.56707 T w 15
NETbbnd overall | 8.660074 6.382241 .883809 23.885 N = 150
betwesn 5.850725 1.5%976n% 1%.5%1708 na 10
within 3.117409  .9819403  17.58726 T - 15
[NETuser overall 56.584  22.56249 7.5 98 N = 150
between 14,.88148 28.88 78.58667 n = 10
within 17.56177 23.057338 96.104 Te= 15
Trate overall 7.95225 5.296026 2,395 38.73 N= 150
between 4.013466  4.405333 16.202 ns 1e
within 3.667898 -.72975  30.48025 T= 15
HCI overall 5647898  .0990671 L1264293 6971657 Ns= 150
between L0933111  .3833864 675324 n= 10
within «B438797 3078327  .6923444 T» 15
S0PP overall 6488.667 3780.383 1347.519 15473.29 Ne 150
between 3814,1 1878.614 11167.7 ns 1@
within 1053.948 3347.863 10794.26 T= 15
Source: STATA 17 Outputs
Appendix 03: Descriptive Statistics 2:
Summary statistics: Mean
Group variable: code (coden)
code Trd dds Feerd ICTre NETbbnd NETuser Trate HCY Gsore
NRA 28.922%1 19037.92 LTO666GLT +A24 14.95781 65.74667 13.568 LS50167 19215
EGY 39.01161 2465.2 .5066667 2.055333 5,970491 48,48 16,202 .4884369 3132,544
ION | 43.00992 9548 .5066667 3.318 2.769209 37.36667 5.817333 .5275333 3962,335
IND 46.17532 151953 .6733333 2.036 1.597685 28.88 9.85 (3833864 1878.614
MAR 78.08184 303%.4 50 2.64 4,.2499%1 69.17333 G6G.BO%333 LAYTB04A4 3414 .4062
MEX 72.69638 9805.5%21 ,GAGKGG7 15.13867 14.57402 GR.86 A4,442167 .GOS3O99 10767.32
MYS 136.8915 10856.33 .7133333 30.31133 9,939332 78.58667 5.680667 ,6017736 10540,59
TUR S8.38694 7679.467 .6666667 1.292 15.51708 64.18667 4.405333 642838 11167.7
VM 15%0.2511 2540 .5733333 28.25133 14.57403 S57.03333 5.7106333 6789324 3072.242
IAF S6G.79781  S651.33) L64 1.017333  2.A51127 S7.5%26G67 7.03%323 LG75324 G79%.062
Total 71,0225 22347.22 .6193333 8.6484 B8,660074 56,584 7.95225 .5647898 6488.667
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Appendix 04 Estimation of the Fixed Effects Model:

Fisad @mffacts (within) regression Number of obs - A e
G oup vearieble code Mumbesr of grouse - 1o
Hemaumred: CbE per group:
WA A - @ .asan Ay - am
Datiwaman = O, 063 60 e - AL
Overalil - ®.olex . - am
L e ) - A A
WG A, Xa) = @ .aANIT L L - © . oooo
Tk Comtriotlmnt Bwed . e . melwd [OB% coane L L i |
TCeT. 1. Aeonen .ArmaaTe -.me - . oo .maamIel
Adw R LR e - s “w. s B T
reed 7. Aewana 1. 2mive = - . oor -2 mmLTm
T b bk F.AamamER N L e - . oa - . rever ALAaaTaeT
MY S —LABFIBAW it ~z.aw .o - . BOOBSs LS S LeAAGHAA
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Appendix 05 Breusch and Pagan Lagrangian test for the trade-off between random and aggregate model:
Breusch and Fagen Lagrenglen multiplier test fYor rendom effeacts
Trdlcode,t] = Xb 4+ ulfcode] + wslcodwe,t]

Fetimated reculte:

Ve B - sgrudvar)
Tero LG22 .. 3306 QA . IB205
- 57 .2915G 7.562119
- A7 .on0Nn% G.92G6a2212
Test Vardu) = @
Cchibar2(eL) - A46 .89
Frap » cehibere - © . oo

Appendix 06: Hausman test for the trade-off between the fixed effects model and the random effects model:

Coefficients

(e) n) (b-8) sart(diag(V_b-v_8))

fe re Difference Sed. err.

IcTg 1.260800 Z2.420118 ~<R72315% 096694

dds B L g “ L O000sS JOV00saN L BVOB2S9

recd 7.3G9304 ~A.0273%1 11.39674 .

NETBbNa Z2.45258% 1.46559 ~HREVG29 .
NETuser ~«A877519 cL0892062 CLO98sa8s

Trate =+ 3G53044 -~ .44910023 «OB38039 .

HCT ~23. 54456 12.05358 ~A6G.59814 V. ATREOS

aoprr .0 7en” 0017931 «B010234 S OB02349

b =« Coansistent under HO and Ha; obtalined from xtreg.
B = Inconsistent under Ha, efflclient under HB. obtained from wtreg.

Teast of HO: Difference in coesfficients not systematic
chi2(7) = (b-0)'((V_ b-V_B)"(-1)]1(b-B)
- MA2.48

Frob » chil = 0.0000
(V_b«V_B i3 not positive deafinite)

Appendix 07: Born and Breitung (2016) HR-test for Autocorrelation

Heteroskedasticity.robust Born and Breitung (2016) HR-test as postestimation
Panelvar: code
Timevar: year
Variable HR-stat p-value N maxT balance?
Post Estimation 1.%4 0.181 10 1% balanced
Notes: Under HO, HR ~ N(©,1)

HO: No first-order serial correlation,
Ha: Some first order serial correlation,

Appendix 08: Wald Modified Test for Heteroskedasticity:

Modified Wald test for groupwise heteroskedasticity
in fFfixed effect regression model

HO: migmadi)~2 = sigma~2 for all i

chi2 (1e) - 220.74a
Prob > chi2 = ©.0000

Appendix 09: LM Pagan-Breusch Test for Residual Independence Across Cross-Sections

Breusch-Pagan LM test of independence: chi2(45) = 185,381, Pr = ©.0000
Based on 15 complete observations over panel units
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Appendix 10: PCSE Model Estimation:

Linear regression, correlated panels corrected standard errors (PCSEs)

Group variable: code Number of obs - 150

|Time variable: ywar Number of groups = 10
|Panels: correlated (balanced) Obs per group!

Autocorrelation: no autocorrelation min = 15

avg = 15

max = s

(Eatimated covarieances - £3 Nesquared - O.8781

|Estimated autocorrelations = L) Wald chi2(s) - 7125.28

Estimated coefficients - 9 Prob > chi2 - 0. 0000

Fanel-corrected

Trd Coefficient std, err, z Pz [95% conf, interval]

ICTy 2.775312 .1130131 24 .56 0.000 2.553811 2.996014

dds - .O000sse «O00027 -3.17 0.002 - . 0001385 - . 0000328

Frri 36.85968 23.66387 1.56 8.119 «9,.520651 83, 24001

NETbbNnd « 2527391 1863452 1.40 a.161 - . 100731 6062002

NETuser < 2209107 ~OR77881 2.62 0.009 V5HR4A02 4029722

Trate ~1.110%27 «2062113 ~%.39 0.000 ~1.%140694 ~. 7063000

HCX 31.304a24 7.162302 a4.37 0.000 17.26639 45,3421

GOPP 9032784 +9005213 6,29 0,000 0043002 0022566

cons 20.27444 12.96904 1.79 Q.073 ~2.,144402 A8.6G9329

Appendix 11 Estimation of the model according to the fe_robust, PCSE, FGLS and Fe_dris_kr~y methods

1) <2) (s) 4)
Trd Trd Trd Trd

IcTg 1.262%" 2.776==~ 2.161%%~ 1.261%%"
(3.%1) (24.%6) (14.060) (6.79)
dds 0. 0000257 -0.0000856"~ -0. 0000670 " ©.0000257
(0.57) (-3,17) (~7.59) (0,.57)
Frerd 7,369 26, 86 5,236 7. 369
(0.70) (1.%6G) (1.41) (o.cn)

NETbbnd 2.153%" e.252 @.GaL"-" 2.1853%""
(3.37) (1.46) (a.38) (a.18)
NETuser S ©.231%~ ©.05a9 ‘@188
(-1.07) (2.63) (3.aR) (-1.a8)
Trate -0, 2GS -1.3233%"" -@.2387 -0.AGS
(-2.24) (-%.39) (-2.71) (-1.98)
HCX -23.54 31.350%"" 39.51%%e -23.%4
(-1.28) (a.a37) (6.84) (-1.%2)
GOPP -9, 000776 ~0 . 00328~ -0, 00206 -9 . 000776
(-1.07) (-6.29) (-10.17) (-1.47)
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