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THE IMPACT OF DIGITAL LITERACY ON LABOR
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Abstract. This study investigates the impact of digital literacy on labor productivity in Uzbekistan’s service
sector during 2017-2024. Using balanced panel data from four service industries, a Fixed Effects regression
model was employed. The results reveal a structural wage elasticity of 3.55, indicating that employment
expansion is concentrated in sectors actively utilizing digital technologies. Based on the findings, the study
recommends targeted modernization and improvement of enterprises to transform surplus labor into highly
productive employment opportunities.

Keywords: labor productivity, digital literacy, fixed effects model, service sector, average wages,
information and communication technologies, digitalization, Uzbekistan, employment, regression analysis,
empirical analysis, industry analysis, elasticity.

Annotatsiya. Ushbu tadgigotda 2017-2024-yillar davomida O‘zbekiston xizmatlar sohasida raqgamli
savodxonlikning mehnat unumdorligiga ta’siri o‘rganilgan. Tahlil jarayonida xizmatlar sektorining 4 ta tarmogd'i
bo‘yicha muvozanatlashgan panel ma’lumotlardan foydalanilib, gat’iy ta’sirlar (Fixed Effects) regressiya modeli
go‘llanilgan. Olingan natijalar 3,55 ga teng bo‘lgan tarkibiy ish haqi elastikligi mavjudligini ko‘rsatdi. Ushbu holat
ragamli texnologiyalardan faol foydalanadigan tarmoglarda bandlikning kengayishi bilan izohlanadi. Tadgiqot
natijalariga ko‘ra, korxonalarni magsadli modernizatsiya qilish va takomillashtirish orqali ortigcha ishchi kuchini
yuqori unumdor bandlikka yo‘naltirish tavsiya etiladi.

Kalit so‘zlar: mehnat unumdorligi, ragamli savodxonlik, gat’iy ta’sirlar modeli, xizmatlar sohasi, o‘rtacha
ish hagi, axborot-kommunikatsiya texnologiyalari, ragamlashtirish, O‘zbekiston, bandlik, regressiya tahlili,
empirik tahlil, tarmoq tahlili, elastiklik.

AHHOTaumsa. B paHHOM uccrnegoBaHUM paccMaTpuBaEeTCd BRUSHUE LMAPOBON PaMOTHOCTU Ha
NpoM3BOAUTENBHOCTL TpyAa B cdepe ycnyr Y3bekuctaHa 3a 2017-2024 rogbl. [Ans aHanv3a Mcrnosib30BaHbl
cbanaHcupoBaHHble NaHernbHble AaHHble Mo 4 oTpacnsaM cdepbl YCyr U NPUMEHeHa perpeccuoHHas Moaesb
¢ dmkcmpoBaHHbIMK adhdpekTamm (Fixed Effects). [NonyyeHHble pesynbTaTthbl Nokasanu Hanuime CTpyKTypHOU
3MacTUYHOCTM 3apaboTHOM nnatbl Ha ypoBHe 3,55. [laHHbIN pe3ynbTaTt CBsA3aH C paclUMpeHneM 3aHSATOCTU B
oTpacnsx, akTMBHO UCMOMb3YLLMX LMdPOBble TEXHOMOrMWU. Ha ocHoBe NpoBEeAEHHOIO aHann3a peKoMeHayeTcs
Lernesas MOAEpPHU3aUMsl U COBEPLUEHCTBOBaHWE MPeanpuaTuin Ans TpaHcdopmaumn nsbbITo4HON paboyen
CuUInbl B BbICOKONPON3BOAUTENBHYIO 3aHATOCTb.

KnioyeBble cnoBa: Npov3BOAMTENBHOCTb Tpyda, UMEPOBas rpamoOTHOCTb, MoAenb (PUKCUPOBAHHbIX
achdekToB, cdepa ycnyr, cpegHsis 3apabotHasd nnata, MHPOPMALMOHHO-KOMMYHUKaLNOHHbIE TEXHONOMN,
umdpoBm3aLmsi, Y30EKUCTaH, 3aHATOCTb, PErpecCUMOHHbIA aHanmua, 3MMUPUYECKUI aHanu3, OTpacreBon
aHanu3, anacTUYHOCTb.
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INTRODUCTION

The rapid transition towards a digital economy has become a crucial catalyst of modern economic growth,
which cannot occur without workforce transformation and structural modernization, taking Uzbekistan as a
prominent example [1]. As various digital technologies are penetrating deeper into the national industry, the
fundamental understanding of operational effectiveness is undergoing dramatic transformation. Such systemic
shifts require a highly qualified workforce that possesses advanced professional expertise in digital literacy.
The development of such digital competencies, first of all, starts with modernization, followed by the digital
transformation of the educational environment. This lays a foundation for the future development of human
capital [2].

In Uzbekistan, the government bodies are aiming at targeted national strategies. They are focused on
multifaceted digitalization, which can significantly raise living standards as well as overall labor productivity.
Such achievements can be possible if informal economic activities are reduced, fostering the proliferation of
technology-based employment arrangements [1]. Yet, the precise causal impact of a digitally skilled workforce
in the context of a dynamically expanding service sector requires meticulous assessment, even though the
macroeconomic imperatives of the digital landscape are already accepted. Therefore, this study uses regression
analysis to examine how the digital literacy of the workforce affects the average wages in the service sectors
in Uzbekistan.

LITERATURE REVIEW

The theoretical foundation connecting digital literacy with labor productivity is deeply rooted in conventional
theories of human capital, which state that the targeted acquisition of new skills improves a worker’s marginal
productivity, further increasing the opportunity to earn more income [6]. In the modern digital age, this concept
is often explained through skill-biased technological change. This paradigm suggests that the integration of
cutting-edge information technologies disproportionately increases wage premiums for workers who possess
digital literacy while simultaneously reducing routine tasks [7, 8]. In the service industry, which is intrinsically
characterized by high information saturation, empirical literature systematically demonstrates that digital
competencies play a crucial role in operational effectiveness, reducing costs and improving organizational
performance [9].

In countries with transition economies, the macroeconomic benefits of digital literacy are closely connected
with structural modernization and the formalization of the labor market. Pioneering empirical studies in
developing nations indicate that the systemic integration of Information and Communication Technologies leads
to substantial productivity gains as well as network externalities, especially in skill-intensive subsectors such
as logistics, finance, and telecommunications [10, 11]. However, the true scale of such productivity growth
is constrained by institutional bottlenecks, inadequate training programs, and regional disparities in digital
infrastructure, which can inadvertently increase the national “digital divide” [12].

Even after extensive global research on Skill-Biased Technological Change (SBTC), significant empirical
gaps remain regarding the quantitative estimation of sectoral wage elasticity in the context of digital transition in
Central Asian economies. Most existing local research is primarily conceptual or descriptive in nature rather than
econometric in orientation [13]. Therefore, this study focuses on addressing this structural gap by conducting
a comprehensive panel regression analysis to identify the marginal impact of employment expansion across
conventional and technologically driven sectors in Uzbekistan.

RESEARCH METHODOLOGY

This study utilizes quantitative panel data analysis to examine the empirical elasticity of labor productivity
in relation to employment in the service sector in  Uzbekistan. For this reason, a balanced dataset, which
encompasses observations from 2017-2024, was created. This includes information about four distinct sectors:
Accommodation and Food, Wholesale and Retail, Information and Communication, and Finance and Insurance
[3].

Taking into account the macroeconomic scale, the average nominal salary indicator was used as a metric
for marginal labor productivity, while the baseline shortcomings in digital expertise were defined using survey
data at the company level [4]. To isolate the influence of workforce expansion while controlling for time-invariant
factors, a Least Squares Dummy Variable (LSDV) fixed-effects regression model was estimated using a Log-
Log transformation [5]. After the detection of structural heteroskedasticity, which was found using the Breusch—
Pagan test, heteroskedasticity-consistent (HC1) robust standard errors were used for all parameters in order to
ensure valid statistical inference.

https://yashil-iqtisodiyot-taraqqiyot.uz @

IQTISODIYOT 9KOHOMHUKA ECONOMY



IQTISODIYOT 9OKOHOMHUKA ECONOMY

fi\l/i' YASHIL IQTISODIYOT VA TARAQQIYOT 2026-yil, iyun. 6-son, I-gism

ANALYSIS AND RESULTS

Exploratory Statistics and Dynamics by Sector

In order to investigate the impact of digital literacy and technological integration on labor productivity, this
study uses balanced panel data encompassing four distinct sectors in Uzbekistan from 2017-2024 (N = 32)
[3]. There are certain constraints related to analyzing individual digital literacy at the macroeconomic level.
Therefore, this econometric analysis assumes that the average level of wages can serve as a reliable metric for
marginal labor productivity according to neoclassical economic principles. In addition, sectors such as Finance
and Insurance, along with Information and Communication, play an important role in reflecting the demand for
digital literacy, which mirrors the rapidly developing fintech and digital economy environment of Uzbekistan.

Initial calculations revealed substantial differences in wages that can be explained by the integration

of technologies. Looking at the eight-year period, the highest growth in average wages (484.7%) was observed
in the Finance and Insurance sector, followed by the Information and Communication sector (441.9%) [3].
In contrast, traditional sectors such as Accommodation and Food and Wholesale and Retail demonstrated
comparatively lower rates of productivity (wage) growth, with the former reaching 362.7% and the latter
295.6%, respectively [3]. According to the World Bank Enterprise Survey (2019), 16.7% of regional companies
reported critical bottlenecks associated with an insufficiently educated workforce [4], emphasizing the need for
specialized digital skills that can enhance labor productivity in Uzbekistan’s developing economy(Graph 1).

Graph 1. Average wage growth by 4 fields in Uzbekistan.
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Based on Graph 1, the dynamics of average labor wages over time clearly illustrate this distinction. The
rapid growth of the Finance and Insurance sector after 2020 corresponds with the accelerated digitalization of
Uzbekistan’s financial ecosystem, which has expanded access to financial services. This serves as a prime
example of the macroeconomic benefits made possible through digital literacy.

Digital Literacy

Before estimating the regression parameters, a correlation matrix was constructed in order to examine
the fundamental linear relationships between the variables. The results showed a strong positive correlation
between time (Year) and the Natural Logarithm of Average Wages (r = 0.76), providing evidence of the
continuous long-term growth of wages in the service sector.

Interestingly, the Natural Logarithm of Wages and the Natural Logarithm of Employment exhibited a negative
correlation (r = -0.44). Nevertheless, this unadjusted indicator is heavily distorted by sectoral heterogeneity. In
the Wholesale and Retail sector, a large number of individuals are employed at relatively lower average wages
compared to the highly specialized workforce in sectors such as Finance and Information Technology, where
the share of digitally literate employees is considerably higher [3]( Graph 2).
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Graph 2. Correlation matrix of numerical variables.
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Based on Graph 2, the correlation heatmap highlights the need to take into account sector-specific fixed
effects. If sectoral differences are neglected, this can lead to omitted variable bias, further hiding the true
marginal impact of labor expansion in the context of productivity in the digital landscape.

Regression Findings

For a rigorous quantitative estimation of labor productivity in relation to employment volume, a panel
data fixed-effects model was utilized, namely the Least Squares Dummy Variable (LSDV) model. This model
is represented as:

k=1

Ln(Wage, ) = By + B, Ln(Emploved,,) +Z ¥; Industry;;, + €,
=1

Starting from Ln(Wage_it), this variable represents the natural logarithm of the average wage, where i
denotes an industry and t denotes a year. Ln(Employed_it), on the other hand, represents the scale of
employment. In addition, the model includes a dummy variable that captures unobserved time-invariant
industry-specific effects. Finally, €_it represents the stochastic error term.

According to the results of the Ordinary Least Squares (OLS) estimation, R* = 0.6635 (with adjusted R? =
0.6136), indicating that approximately 66.4% of the variation in labor productivity can be explained by sector
classification and employment scale. In addition, the overall F-statistic is highly significant, with F = 13.31 and
p < 0.001.

The main variable of interest is the estimated elasticity of average wages with respect to
employment. The calculated coefficient B = 3.5467 indicates the presence of structural elasticity, as
both variables are expressed in logarithmic form. In other words, a 1% increase in employment volume
is associated with an approximately 3.55% increase in average wages, holding industry-specific effects
constant(Graph 3).
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Graph 3. Regression analysis.

Employment and avergae wage in Uzbekistan

—_
o
Ln

—_
(=)

—_
Lh
Ln

145

Average Wage (Log)

—_
=

—
[ 7]
in

3.5 4 45 5 5.5 6 6.5 7 7.5
Employment Volume (Log)

Based on Graph 3, there is a scatterplot with its corresponding regression line, which graphically
demonstrates the above-mentioned points. The positive slope within industry clusters indicates that, in certain
fields in Uzbekistan, the increase in the number of workers can be explained by the increase in wage levels.
This directly reflects underlying productivity growth. This is true evidence of the tendency toward structural shift
and formalization toward higher-value, technology-driven activities.

4.4 Econometric Diagnostics

To make sure that the statistical findings are correct, several diagnostic tests were used. First of all,
the Breusch—Pagan test for heteroscedasticity gave a Lagrange Multiplier statistic of 10.55 (p = 0.032). The
presence of heteroscedasticity is confirmed, as the null hypothesis was rejected, which means that the error
variance is not constant across all observations. Subsequently, Heteroscedasticity-Consistent (HC1) robust
standard errors were applied to all output statistics. Even after applying these adjustments, the main metric
remains highly significant, with robust p < 0.001, consequently generating a robust F-statistic with p = 2.41 x
10°°.

Moreover, in order to test for multicollinearity, the Variance Inflation Factor (VIF) was utilized. It is
significantly high for Ln(Employed), at 163.5, with industry dummies having VIF = 45—-46. Although it indicates
substantial multicollinearity between employment scale and industry structure, for this particular dataset it is
a mathematically expected artifact. Across all four analyzed industries, there are different initial employment
scales. For example, while IT employs 72,000 workers, Wholesale accounts for nearly 1.48 million individuals
[3]. Due to structural multicollinearity, fixed-effects estimation remains unbiased; however, it requires meticulous
interpretation of the standard errors.

The empirical findings provide evidence that Uzbekistan’s labor market dynamics are changing and that
the concept of a “digital premium” is evident. Even though there is a robust positive statistical connection (B:
= 3.5467), it should be interpreted as elasticity within a small balanced group rather than as a general policy
indicator.

According to the wage comparison between sectors, workers in traditional sectors earn comparatively
lower wages. However, in Information and Communication, as well as Finance and Insurance, individuals
earn relatively higher wages, which can be related to higher labor productivity in these sectors. In
developing economies like Uzbekistan, with increasing digital economy initiatives, expanding the share of
the population possessing digital literacy will be of paramount importance. Employment expansion in these
fields, in the short term, will not cause diminishing marginal returns; rather, the positive elasticity implies
network effects, which means increasing returns as the digital landscape expands. Consequently, policy
initiatives should focus on addressing excessive employment in less productive sectors and facilitating the
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movement of labor from traditional fields to highly productive sectors closely connected with the digital
economy [4].

CONCLUSION AND RECOMMENDATIONS

This study, through empirical calculations, proves the importance of developing human capital in the
context of technological change. Especially within the context of Uzbekistan’s emerging technologies, the
Skill-Biased Technological Change (SBTC) framework gains considerable importance. The panel regression
with fixed effects shows structural elasticity (8 = 3.55), which means that the expansion of the labor force in
technology-driven sectors yields substantial wage premiums compared to traditional fields. There is an obvious
increase in demand for digital technologies, as a sharp discrepancy exists between traditional and technology-
driven sectors, which plays a crucial role as a modern catalyst of macroeconomic development.

Based on the empirical findings, the following recommendations are proposed to further optimize national
policy:

Specialized professionals were identified as a critical need during international business diagnostics.
Therefore, governmental as well as private educational institutions should systematically integrate modern
data analytics and information technology competencies into higher education curricula.

Strategic Infrastructure Development: Government bodies should promote the large-scale integration
of digital technologies into sectors that remain labor-intensive yet relatively inefficient, such as Retail and
Hospitality. Overcoming digital constraints can facilitate the formalization of employment relationships, generate
positive network externalities, and ensure sustainable long-term economic growth across the entire sector.

Targeted Enterprise Modernization: Financial institutions should encourage micro, small, and medium-
sized enterprises (MSMEs), particularly in adopting cloud computing solutions and digital transaction systems.
Such measures can contribute to the effective transformation of labor surplus into highly productive, knowledge-
intensive forms of employment.

REFERENCES

[11 M. M. Muminovna and U. A. Narmanov, “Ensuring Economic Growth through the Development of Digital
Technologies in Uzbekistan,” Indonesian Journal of Innovation and Applied Sciences, vol. 1, no. 1, pp. 77-81,
2021.

[2] A. Muhamad, M. K. N. A. Aziz, and Y. A. Abdurakhmonovich, “Model for Economical Digital Smart
Classes in Indonesian Islamic Primary Schools (Madrasah Ibtidaiyah) in the 21st Century,” Child Education
Journal, vol. 5, no. 1, pp. 11-23, 2023.

[3] Stat.uz, “National Statistics Committee of the Republic of Uzbekistan,” 2024. [Online]. Available: https://
stat.uz/en/. [Accessed: 31 May 2026].

[4] The World Bank, Enterprise Surveys: What Businesses Experience — Uzbekistan 2019 Country Profile.
Washington, DC: The World Bank Group, 2019.

[5] J. M. Wooldridge, Introductory Econometrics: A Modern Approach, 6th ed. Cengage Learning, 2015.

[6] G. S. Becker, Human Capital: A Theoretical and Empirical Analysis, with Special Reference to Education.
New York: Columbia University Press, 1964.

[7]1D. H. Autor, F. Levy, and R. J. Murnane, “The Skill Content of Recent Technological Change: An Empirical
Exploration,” The Quarterly Journal of Economics, vol. 118, no. 4, pp. 1279-1333, 2003.

[8] D. Acemoglu and P. Restrepo, “The Race Between Man and Machine: Implications of Technology for
Growth, Factor Shares, and Employment,” American Economic Review, vol. 108, no. 6, pp. 1488-1542, 2018.

[9] D. W. Jorgenson and K. M. Vu, “The ICT Revolution, World Economic Growth, and Policy Issues,”
Telecommunications Policy, vol. 40, no. 5, pp. 383-397, 2016.

[10] H. Galperin and M. F. Viecens, “Connected for Growth? The Impact of Broadband Logistics on Internet
Use and Economy-Wide Productivity in Latin America,” Telecommunications Policy, vol. 41, no. 4, pp. 254-268,
2017.

[11] T. Niebel, “ICT and Economic Growth in Developing, Emerging and Developed Countries,” International
Journal of Forecasting, vol. 34, no. 4, pp. 1372—-1392, 2018.

[12] The World Bank, World Development Report 2016: Digital Dividends, 2016. [Online]. Available: https://
www.worldbank.org/en/publication/wdr2016. [Accessed: 30 May 2026].

[13] M. M. Mirzakarimova and U. A. Narmanov, “Ensuring Economic Growth through the Development of
Digital Technologies in Uzbekistan,” Indonesian Journal of Innovation and Applied Sciences (IJIAS), vol. 1, no.
1, pp. 77-81, 2021.

https://yashil-iqtisodiyot-taraqqiyot.uz o

IQTISODIYOT 9KOHOMHUKA ECONOMY



Ijtimoiy, iqtisodiy, texnologik, ilmiy, ommabop jurnal

Ingliz tili muharriri: Feruz HAKIMOV
Musahhih: Zokir ALIBEKOV
Sahifalovchi va dizayner: Hasan MAQSUDOV

2026. Ne 6/1

© Materiallar ko‘chirib bosilganda ““Yashil” igtisodiyot va taraqqgiyot” jurnali manba sifatida
ko‘rsatilishi shart. Jurnalda bosilgan material va reklamalardagi dalillarning anigligiga mualliflar
ma’sul. Tahririyat fikri har vagt ham mualliflar fikriga mos kelamasligi mumkin. Tahririyatga
yuborilgan materiallar qaytarilmaydi.

Mazkur jurnalda magqolalar chop etish uchun quyidagi havolalarga
magqola, reklama, hikoya va boshqa ijodiy materiallar yuborishingiz mumkin.
Materiallar va reklamalar pullik asosda chop etiladi.

El.Pochta: sq143235@gmail.com
Bot: @iqtisodiyot_77
Tel.: 93 718 40 07

Jurnalga istalgan payt quyidagi rekvizitlar orgali obuna bo'lishingiz mumkin. Obuna bo‘lgach,
@iqtisodiyot_77 telegram sahifamizga to‘lov hagidagi ma’lumotni skrinshot yoki foto shaklida
jo‘natishingizni so‘raymiz. Shu asosda har oygi jurnal yangi sonini manzilingizga jo‘natamiz.

115

Yashil” igtisodiyot va taraqqiyot” jurnali 03.11.2022-yildan
O‘zbekiston Respublikasi Prezidenti Adminstratsiyasi huzuridagi
Axborot va ommaviy kommunikatsiyalar agentligi tomonidan
Ne566955 reyestr ragami tartibi bo‘yicha ro‘yxatdan o‘tkazilgan.
Litsenziya ragami: Ne046523. PNFL: 30407832680027

Manzilimiz: Toshkent shahar, Mirzo Ulug‘bek tumani
Kumushkon ko‘chasi, 26-uy.

Rl [ f
EE-T- B Je Jurnal sayti: https://yashil-igtisodiyot-taraqqiyot.uz



