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MODELLING THE IMPACT OF DIGITALIZATION 
DETERMINANTS ON THE TRANSFORMATION 

OF MERCHANDISE AND SERVICES TRADE
Digital technologies have become an important driver of international trade, yet empirical

evidence on their impact on merchandise and services trade remains limited. This study aims to
identify and quantify the effects of key digitalization indicators on international trade using econo-
metric modelling. The analysis is based on cross-country data and ten digitalization indicators
defined by the International Telecommunication Union. Four multiple regression models were esti-
mated for merchandise exports, merchandise imports, services exports, and services imports.
Descriptive statistics, correlation analysis, multicollinearity diagnostics, and regression validation
tests were performed, while the final models were obtained using backward elimination. The results
show that digitalization affects merchandise and services trade through different mechanisms.
Merchandise exports are primarily driven by household Internet access and active mobile broad-
band subscriptions, whereas merchandise imports are positively influenced by mobile broadband
penetration but negatively affected by higher mobile Internet costs. For services trade, Internet
affordability plays a much stronger role. Service exports increase with broader Internet use but
decline as mobile Internet costs rise, while service imports are constrained by both mobile and fixed
broadband prices. Active mobile broadband subscriptions were identified as the only indicator that
remained statistically significant across most estimated models, highlighting their role as a univer-
sal driver of international trade. The findings confirm that digital infrastructure is particularly
important for merchandise trade, whereas Internet affordability is a key determinant of services
trade. The results provide empirical evidence that can support the development of digital policies
aimed at enhancing countries’ international trade competitiveness and reducing digital barriers.
Keywords: digitalization; international trade; exports of goods; imports of goods; exports of servic-
es; imports of services; regression analysis.
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Ганна М. Яровенко, Чжан Хен

МОДЕЛЮВАННЯ ВПЛИВУ ДЕТЕРМІНАНТ ЦИФРОВІЗАЦІЇ 
НА ТРАНСФОРМАЦІЮ ТОРГІВЛІ ТОВАРАМИ ТА ПОСЛУГАМИ

Цифрові технології стали важливим рушієм міжнародної торгівлі, проте емпіричні
дані щодо їхнього впливу на торгівлю товарами та послугами залишаються обмеженими.
Це дослідження має на меті визначити та кількісно оцінити вплив ключових показників
цифровізації на міжнародну торгівлю за допомогою економетричного моделювання. Аналіз
базується на міжкраїнних даних та десяти показниках цифровізації, визначених
Міжнародним союзом електрозв'язку. Було оцінено чотири моделі множинної регресії для
експорту товарів, імпорту товарів, експорту послуг та імпорту послуг. Було реалізовано
описову статистику, кореляційний аналіз, діагностику мультиколінеарності та
валідаційні тести регресій, а остаточні моделі були отримані за допомогою зворотного
виключення. Результати показують, що цифровізація впливає на торгівлю товарами та
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послугами через різні механізми. Експорт товарів в основному зумовлений доступом до
Інтернету для домогосподарств та активними підписками на мобільний широкосмуговий
доступ, тоді як імпорт товарів позитивно залежить від проникнення мобільного
широкосмугового доступу, але негативно – від значних витрат на мобільний Інтернет. У
торгівлі послугами доступність Інтернету відіграє набагато більшу роль. Експорт послуг
зростає з ширшим використанням Інтернету, але скорочується зі зростанням вартості
мобільного Інтернету. З іншого боку, імпорт послуг обмежується цінами як на мобільний,
так і на фіксований широкосмуговий доступ. Активні підписки на мобільний
широкосмуговий доступ були визначені як єдиний показник, який залишався статистично
значущим у більшості оціночних моделей, що підкреслює їхню роль як універсального
рушійного фактору міжнародної торгівлі. Результати підтверджують, що цифрова
інфраструктура особливо важлива для торгівлі товарами, тоді як доступність
Інтернету є ключовим фактором торгівлі послугами. Дослідження надає емпіричні
докази, які можуть підтримати розробку цифрової політики, спрямованої на підвищення
конкурентоспроможності країн у міжнародній торгівлі та зменшення цифрових бар'єрів.
Ключові слова: цифровізація; міжнародна торгівля; експорт товарів; імпорт товарів;
експорт послуг; імпорт послуг; регресійний аналіз.

Problem statement. The rapid development of digital technologies has funda-
mentally transformed the nature of international trade by changing the way goods and
services are produced, marketed, and exchanged across borders. The expansion of
digital infrastructure, increasing Internet accessibility, and the widespread adoption
of mobile broadband have created new opportunities for firms to participate in glob-
al markets while simultaneously reducing transaction costs and information barriers.
At the same time, significant disparities in the level of digital development across
countries have intensified the digital divide, limiting the participation of less digitally
advanced economies in international trade.

Despite the growing importance of digitalization, its quantitative impact on dif-
ferent components of international trade remains insufficiently explored. Existing
trade theories largely emphasize traditional determinants, while the role of digital
infrastructure, Internet accessibility, and the affordability of digital services has
received comparatively limited empirical attention. This creates a need for compre-
hensive econometric assessment of how specific digitalization indicators influence
merchandise and services exports and imports.

Addressing this research problem is important not only from a scientific per-
spective but also for practical policymaking. Identifying the digital factors that stim-
ulate or constrain international trade can support governments in designing effective
digital transformation strategies, prioritizing investments in information and com-
munication technologies, and reducing barriers to digital connectivity. Such evidence
is particularly relevant for countries seeking to strengthen their international compet-
itiveness and accelerate integration into the global digital economy.

Analysis of recent publications on the problem. Analysis of modern scientific
research confirms that digitalization is a key driver of the transformation of interna-
tional trade in goods and services, influencing both trade volumes and their structure.
Particular attention is paid to digital infrastructure, digital regulation, information
and communication technologies, human capital, e-commerce, and the institution-
al environment.
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A substantial body of research focuses on international trade in services. Ma J.,
Lin G. & Zhan J. demonstrated that digital infrastructure, human capital, and effi-
cient public administration strengthen the international competitiveness of trade in
services, particularly in economically developed and open regions [1]. Bose S. &
Chakraborty D. showed that digital connectivity promotes trade in digitally supplied
services, while regulatory differences across countries weaken this effect [2]. Yin Z.
H. & Choi C. H. found that digitalization has a stronger positive impact on service
exports than on goods exports, especially in high-income economies [3].

Another research stream examines institutional and technological factors shap-
ing international trade. Zhang W., Tawiah D., Fumey M. P., Asongu S. A. & Adam
A. G. found that digitalization enhances export growth only under conditions of a
well-developed institutional environment [4]. Regarding merchandise trade, Huang
F., Li J., Shen J. & Wang H. showed that the digital economy strengthens countries’
positions in global intermediate goods trade through technological innovation and
trade openness [5]. Ma S., Shen Y. & Fang C. highlighted the role of ICT trade liber-
alization in accelerating digitalization by reducing trade barriers and expanding
cross-border digital investment, while Aydin B. & Aydin R. emphasized the impor-
tance of Industry 4.0 technologies and high-tech products for international trade and
economic integration [6–7].

Research also demonstrates the growing importance of advanced digital tech-
nologies for trade development. Criveanu M. M. showed that artificial intelligence,
big data, the Internet of Things, and cloud computing significantly stimulate the
development of e-commerce, although their effects depend on countries’ levels of
digital maturity [8].

Despite these advances, existing studies mainly examine individual dimensions
of digitalization or specific trade segments, such as goods, services, e-commerce, or
digital regulation. Comprehensive evidence on the combined effects of digitalization
determinants on both merchandise and services trade, as well as on the strength and
direction of these relationships, remains limited. Therefore, this study aims to devel-
op econometric models to evaluate the impact of key digitalization determinants on
international merchandise and services trade.

Research objectives. The objective of this study is to model the impact of digital-
ization determinants on international merchandise and services trade and to evaluate
the strength and direction of these relationships.

Main results and their justification. To achieve the research objective, the study
follows a six-stage research algorithm. First, the dataset is compiled by defining the
study period, selecting the sample of countries, and collecting the required indicators.
Second, the dependent and independent variables are specified. Third, descriptive
statistics and normality tests are performed. Fourth, multicollinearity is assessed
using correlation analysis and the Variance Inflation Factor (VIF). Fifth, multiple
regression models are estimated, and finally, their validity is evaluated through statis-
tical significance tests and diagnostic procedures, including heteroscedasticity and
residual normality tests.

In accordance with the proposed algorithm, the first stage involves compiling the
dataset. The independent variables comprise ten digitalization indicators defined by
the International Telecommunication Union [9]: dig1 – Individuals using the
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Internet; dig2 – Households with Internet access at home; dig3 – Active mobile-
broadband subscriptions per 100 inhabitants; dig4 – Population covered by at least a
3G mobile network; dig5 – Population covered by at least a 4G/LTE mobile network;
dig6 – Mobile broadband Internet traffic per subscription; dig7 – Fixed broadband
Internet traffic per subscription; dig8 – Mobile data and voice high-consumption
basket price; dig9 – Fixed-broadband Internet basket price; and dig10 – Individuals
who own a mobile phone. The dependent variables are exports of goods for 2023
(ExportProduct), imports of goods for 2023 (ImportProduct), exports of services for
2024 (ExportServices), and imports of services for 2024 (ImportServices) [10-11].

Descriptive statistics revealed substantial cross-country heterogeneity in the dig-
italization indicators. While several variables exhibited pronounced skewness, high
kurtosis, and outliers, others were approximately normally distributed, confirming
significant differences in digital development and the need for further diagnostic test-
ing before regression analysis. Correlation analysis showed generally weak relation-
ships between digitalization indicators and merchandise trade variables, indicating
that their effects cannot be explained by pairwise associations alone. At the same
time, strong intercorrelations among several explanatory variables suggested potential
multicollinearity. Therefore, dig1, dig4, and dig10 were excluded, while the remain-
ing seven indicators were retained for multicollinearity diagnostics and regression
estimation.

Two regression models were then estimated using the selected indicators, with
the logarithms of ExportProduct and ImportProduct specified as the dependent vari-
ables. The estimation results are presented in Tables 1–2.

Table 1. Initial regression (ExportProduct model), calculated by the authors

The regression results indicate that the log_ExportProduct model has satisfacto-
ry explanatory power and is statistically significant overall. Among the explanatory
variables, dig2 and dig3 have positive and statistically significant effects, indicating
that improvements in these digitalization indicators are associated with higher mer-
chandise exports. In contrast, dig6 has a weak negative effect and is significant only
at the 10% level. 
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Tables 2. Initial regression (ImportProduct model), calculated by the authors

The remaining variables (dig5, dig7, dig8, and dig9) are not statistically signifi-
cant, nor is the intercept. Overall, dig2 and dig3 make the strongest positive contri-
bution to explaining the variation in merchandise exports, whereas the other digital-
ization indicators do not exhibit a significant individual effect.

The log_ImportProduct model is also statistically significant and demonstrates
satisfactory explanatory power. Among the explanatory variables, only dig3 and dig6
are statistically significant. The dig3 variable has a positive effect on merchandise
imports, while dig6 exerts a weak negative influence. The remaining variables (dig2,
dig5, dig7, dig8, and dig9) are not statistically significant. Thus, although the model
is statistically significant overall, only dig3 and dig6 emerge as significant determi-
nants of merchandise imports.

Given the regression results, the obtained VIF values ranged from 1.291 to 3.456,
with a mean VIF of 2.222, indicating a low level of multicollinearity and confirming
the suitability of the explanatory variables for regression modelling.

To improve the explanatory power and parsimony of the models, stepwise vari-
able selection was applied. Since the initial models included all explanatory variables,
the backward elimination procedure was selected. This approach sequentially
removes statistically insignificant predictors while retaining those that contribute sig-
nificantly to the model. The refined regression models obtained using backward elim-
ination are presented in Tables 3-4.

Table 3. Final regression (ExportProduct model), calculated by the authors
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Table 4. Final regression (ImportProduct model), calculated by the authors

Before interpreting the final regression models, diagnostic tests were performed
to verify the main assumptions of regression analysis. Heteroscedasticity was assessed
using the Breusch–Pagan test, while the normality of residuals was examined using
the Shapiro–Wilk test. The Breusch–Pagan test indicated no evidence of het-
eroscedasticity, with c2=4.04 (p=0.054) for the export model and c2=1.54 (p=0.214)
for the import model. The Shapiro–Wilk test also confirmed that the residuals were
normally distributed (W=0.995, p=0.930 for exports; W=0.993, p=0.767 for
imports). These results confirm that the estimated regression models satisfy the key
assumptions of linear regression and are statistically reliable. The diagnostic findings
are further supported by the residual plots presented in Figures 1–2.

Fig. 1. Residual normality (ExportProduct model), constructed by the authors

According to the regression results for the ExportProduct model (Table 3), dig2
is statistically significant at the 1% level. A one-percentage-point increase in the share
of households with Internet access is associated with a 0.041 increase in the logarithm
of merchandise exports, corresponding to an approximate 4.1% increase, ceteris
paribus. The dig3 variable is significant at the 5% level: an additional active mobile
broadband subscription per 100 inhabitants increases the logarithm of merchandise
exports by 0.015, or approximately 1.5%.

These findings indicate that, among the considered digitalization indicators,
household Internet access and active mobile broadband subscriptions have the
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strongest positive effect on merchandise exports. Household Internet access reflects
digital inclusion and firms' capacity to participate in global digital markets, while
mobile broadband improves business connectivity and access to international market
information. In contrast, Internet cost and traffic indicators are not statistically sig-
nificant, suggesting that the availability of digital infrastructure is more important
than its intensity of use.

Fig. 2. Residual normality (ImportProduct model), constructed by the authors

For the ImportProduct model (Table 4), dig8 is statistically significant at the 1%
level and has a negative coefficient. A one-unit increase in mobile Internet cost (as a
percentage of GNI per capita) reduces the logarithm of merchandise imports by
0.099, equivalent to an approximate 9.9% decline. This finding suggests that higher
Internet costs restrict businesses' access to digital platforms and foreign suppliers. The
dig3 variable is also significant at the 1% level: one additional active mobile broad-
band subscription per 100 inhabitants increases the logarithm of merchandise imports
by 0.014 (approximately 1.4%). Its significance in both export and import models
highlights the pivotal role of mobile broadband in facilitating international merchan-
dise trade.

Overall, the results confirm that digitalization is a significant determinant of
international merchandise trade, although its effects differ by trade flow. Merchandise
exports depend primarily on household Internet access, which supports producers'
integration into global value chains and digital marketplaces, whereas merchandise
imports are driven mainly by the affordability of mobile Internet, enabling firms to
search for, compare, and purchase foreign goods through digital channels.

The next stage of the analysis extends the proposed methodological approach to
international trade in services by estimating regression models with ExportServices
and ImportServices as the dependent variables. Descriptive statistics for the 2024 data
reveal substantial cross-country heterogeneity in digitalization indicators. While sev-

TradeTrade 255

aCTUaL PrOBLeMS OF eCONOMICS, # 7 (301), 2026

 



eral variables are approximately normally distributed, most exhibit pronounced skew-
ness and kurtosis, reflecting differences in digital development and confirming the
need for further econometric diagnostics.

Correlation analysis identified significant relationships between several digitali-
zation indicators and international trade in services. Positive correlations were found
for dig2, dig3, and dig5, whereas dig8 and dig9, representing Internet access costs,
were negatively associated with both service exports and imports. As in the merchan-
dise trade analysis, strong pairwise correlations among some explanatory variables
suggested potential multicollinearity. Therefore, dig1, dig4, and dig10 were excluded,
while the remaining seven indicators were retained for multicollinearity diagnostics
and regression estimation.

The resulting regression models, estimated with the logarithms of
ExportServices and ImportServices as the dependent variables, are presented in
Tables 5–6.

Table 5. Initial regression (ExportServices model), calculated by the authors

Table 6. Initial regression (ImportServices model), calculated by the authors
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The regression results for the log_ExportServices model indicate satisfactory
explanatory power and overall statistical significance. Among the explanatory vari-
ables, three regressors are statistically significant. The dig5 variable has a positive
effect, indicating that higher Internet usage contributes to increased service exports.
In contrast, dig6 and dig8 have negative coefficients, suggesting that higher values of
these indicators are associated with lower service exports. The remaining variables
(dig2, dig3, dig7, and dig9) are not statistically significant, nor is the intercept.
Overall, dig5 is the main positive determinant of service exports, whereas dig6 and
dig8 represent the principal factors constraining their growth.

The log_ImportServices model is also statistically significant and demonstrates
satisfactory explanatory power. Among the explanatory variables, only dig8 and dig9
are statistically significant, both exerting a negative effect on service imports. The
strongest influence is observed for dig8, indicating that higher mobile Internet costs
substantially reduce service imports, while dig9 also negatively affects imports,
although to a lesser extent. The remaining variables (dig2, dig3, dig5, dig6, and dig7)
do not exhibit statistically significant individual effects. Overall, the findings suggest
that Internet affordability is a key determinant of international trade in services, par-
ticularly on the import side.

Given the regression results, the VIF values for all explanatory variables range
from 1.462 to 3.474, with a mean VIF of 2.281. These values indicate a low level of
multicollinearity and confirm the suitability of the selected explanatory variables for
further regression modelling.

To improve the explanatory power and parsimony of the models, backward elim-
ination was applied to remove statistically insignificant predictors. The estimation
results for the refined regression models are presented in Tables 7–8.

Table 7. Final regression (ExportServices model), calculated by the authors

Table 8. Final regression (ImportServices model), calculated by the authors

The adequacy of the regression models was further verified by testing the assump-
tions of homoscedasticity and residual normality. The Breusch–Pagan test confirmed
homoscedastic residuals for both models (c2=0.03, p=0.863 for ExportServices;
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c
2=0.04, p=0.848 for ImportServices). The Shapiro–Wilk test likewise indicated no sig-

nificant departures from normality, with W=0.981 (p=0.076) for the export model and
W=0.989 (p=0.470) for the import model. These findings support the robustness of the
estimated models and are consistent with the residual plots presented in Figures 3–4.

According to the regression results for the ExportServices model (Table 7), dig8 is
statistically significant at the 5% level and has a negative coefficient. A one-unit increase
in the cost of mobile Internet (as a percentage of GNI per capita) reduces the logarithm
of service exports by 0.148, corresponding to an approximate 14.8% decline. This is the
largest negative coefficient in the model, indicating that expensive mobile Internet sub-
stantially reduces the international competitiveness of digitally delivered services.

Fig. 3. Residual normality (ExportServices model), constructed by the authors

Fig. 4. Residual normality (ImportServices model), constructed by the authors
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The dig3 variable is also significant at the 5% level: an additional active mobile
broadband subscription per 100 inhabitants increases the logarithm of service exports
by 0.013 (approximately 1.3%). Notably, dig3 is significant across all estimated trade
models, confirming its role as a universal driver of international trade. The dig5 vari-
able is statistically significant at the 1% level and has the strongest positive effect: a
one-percentage-point increase in Internet use raises the logarithm of service exports
by 0.066, or approximately 6.6%, highlighting the importance of widespread Internet
adoption for internationally traded services.

For the ImportServices model (Table 8), dig9 is statistically significant at the 1%
level, with a one-unit increase in fixed broadband Internet cost reducing the loga-
rithm of service imports by 0.088 (approximately 8.8%). The dig8 variable is signifi-
cant at the 0.1% level and has the largest absolute coefficient among all estimated
models: a one-unit increase in mobile Internet cost decreases the logarithm of serv-
ice imports by 0.275, equivalent to a 27.5% decline. This indicates that mobile
Internet affordability is the strongest constraint on international trade in services.

Unlike the previous models, the ImportServices model retains only Internet
price variables, while infrastructure and access indicators are not statistically signifi-
cant. This suggests that international trade in services is more sensitive to Internet
affordability than merchandise trade, with service imports exhibiting the highest price
sensitivity among all analyzed trade flows.

Conclusions and prospects for further research. This study examined the impact
of digitalization on international merchandise and services trade using multiple
regression models estimated for a cross-country dataset. The empirical results con-
firm that digitalization is an important determinant of international trade, although
its effects differ across merchandise and services and between exports and imports.
For merchandise exports, household Internet access and mobile broadband subscrip-
tions were identified as the main positive drivers, while merchandise imports were pri-
marily influenced by mobile broadband penetration and the affordability of mobile
Internet. In the case of services, Internet use and mobile broadband subscriptions
positively affected exports, whereas the cost of mobile and fixed broadband Internet
emerged as the main factors constraining service trade, particularly imports. The
diagnostic tests confirmed the validity of the estimated models, indicating no serious
multicollinearity, heteroscedasticity, or deviations from the normality of residuals.

The findings highlight that both the availability and affordability of digital infra-
structure play a crucial role in shaping international trade patterns. At the same time,
the importance of specific digitalization indicators varies depending on the type of
trade flow, suggesting that digital transformation affects merchandise and services
through different mechanisms. Further research may extend the analysis by employ-
ing panel data covering a longer time period, incorporating additional institutional
and macroeconomic determinants, and exploring potential nonlinear or country-
specific effects of digitalization on international trade.
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