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Abstract: This research examines the development of Uzbekistan’s E-Government Development
Index and explores strategies for sustainable improvement using a system dynamics modeling
approach. As a composite measure encompassing the online service index, telecommunication
infrastructure index, and human capital index, the EGDI provides a standardized benchmark for
evaluating national progress in digital governance. In 2024, Uzbekistan was placed 63rd
worldwide, markedly below Kazakhstan, which held the 24th position. To address this challenge,
the study develops the first SD model of Uzbekistan’s EGD], calibrated with historical data from
2003 to 2024, and simulates alternative scenarios for the next 10 years. The model captures
interdependencies among OSI, TII, and HCI, highlighting feedback loops and time delays.
Validation tests confirm strong accuracy, while scenario analysis shows that HCI is the most
influential long-term variable. However, balanced progress requires parallel investment in ICT
infrastructure and online services. Findings suggest that a hybrid strategy combining education,
digital skills, ICT expansion, and service development can enable Uzbekistan to achieve its 2030
target of joining the global top 30 EGDI performers.

Keywords: E-Government Development, Online Service Index, Human Capital Index, Digital
Governance, Policy Scenarios

1. Introduction

The rapid advancement of information and communication technologies has
fundamentally reshaped governance, enabling countries to deliver their public services
with greater efficiency, transparency, and inclusivity. According to the United Nations, E-
government is defined as “the use of ICTs (Information and Communication Technologies)
and their application by the government for the provision of information and public
services to the people”. To assess global progress in this domain, the United Nations
introduced the E-Government Development Index, a composite measure comprising the
Online Service Index, the Telecommunication Infrastructure Index, and the Human
Capital Index. Together, these components provide an internationally recognized
benchmark for evaluating national readiness and capacity to implement digital
governance. The major objectives of E-government are the following: to improve service
delivery to citizens and businesses; to enhance transparency and accountability; to
promote citizen participation and engagement; and to increase government efficiency and
effectiveness.
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Despite ongoing reforms, Uzbekistan continues to lag behind regional peers in e-
government performance. In the 2024 EGDI ranking, the country was placed 63rd
worldwide, while Kazakhstan occupied the 24th position, followed by Mongolia (46th)
and Armenia (48th), see

Figure 1. This gap underscores structural challenges, including uneven ICT
infrastructure, limited digital skills, and gaps in the provision and uptake of online public

services.
Country Rating class | EGDIRank | Sub-Region | OSlvalue | HCl value | Til value (;E;:}
Kazakhstan V3 24 Central Asia 09390 | 0.8403 | 09235 | 0.9009
Mongolia** V2 46 Eastern Asia 0.8222 0.7775 0.9374 0.8457
Armenia** V2 48 Western Asia 0.7922 0.8561 0.8782 0.8422
Uzbekistan** V1 63 Central Asia 0.7648 | 07580 | 0.8769 | 0.7999
Republic of Moldova** V1 70 Eastern Europe 07264 | 07776 | 08118 | 07719
Azerbaijan** V1 74 Western Asia 0.7386 0.7233 0.8203 0.7607
Kyrgyzstan HV 78 Central Asia 0.6072 0.7061 0.8815 0.7316

Source: United Nations E-Government Surveys, 2024

Figure 1. EGDI ranking across countries

Addressing these challenges requires a holistic analytical framework capable of
capturing feedback mechanisms, time delays, and the interdependencies among EGDI
components. System dynamics modeling provides such a framework, enabling the
simulation of alternative policy interventions and their long-term consequences. Unlike
traditional econometric approaches, which often treat indicators in isolation, SD
emphasizes causal relationships and dynamic feedback, making it particularly suitable for
analyzing the evolution of complex socio-technical systems such as e-government.

This study applies the United Nations” EGDI methodology as the foundation for
model construction, extending it through a system dynamics approach. By integrating OS],
TII, and HCI into a single dynamic framework, the research provides new insights into
their interdependencies and long-term trajectories. Furthermore, the study investigates
alternative policy scenarios to identify strategies that could accelerate Uzbekistan's
progress towards its 2030 target of joining the world’s top 30 performers in digital
governance.

Literature Review
Conceptual Foundations of E-Government and the EGDI

The digital transformation of governance has emerged as a central theme in
contemporary public administration, reshaping how states deliver services, interact with
citizens, and manage institutional processes. E-government, broadly defined as the use of
information and communication technologies in public administration, is widely
acknowledged as a tool for enhancing efficiency, transparency, and inclusiveness in
governance[1]. To measure progress across countries, the United Nations introduced the
E-Government Development Index, which integrates three distinct but interdependent
dimensions: the online service index, the telecommunication infrastructure index, and the
human capital index[2].

The EGDI framework serves as a composite benchmark that reflects both the supply
of online services and the enabling conditions necessary for their effective utilization.
Scholars emphasize that its value lies not only in cross-country comparisons but also in its
ability to highlight structural gaps within countries.
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However, critics argue that the aggregate nature of the index obscures the dynamic
interactions among its sub-components, which may evolve in nonlinear ways over time.
This observation underscores the need for methodologies that capture interdependencies
among OSI, TII, and HCI.

Human Capital as a Determinant of E-Government Success

Among the EGDI's three components, the human capital index consistently emerges
as a critical driver of e-government outcomes. Empirical studies show that human
capital —measured through education levels, literacy rates, and digital skills —shapes both
the demand for and effective use of e-government services[3]. Cross-country analyses
indicate that states with higher HCI scores demonstrate greater uptake of digital services
and stronger citizen participation in governance processes.

Recent research also highlights the link between human capital and broader
governance outcomes. For example, Chatfield and Alhujran demonstrate that
improvements in literacy and ICT skills correlate with increased transparency and
accountability, mediated through e-participation platforms. Similarly, Alshammari finds
that human capital development reduces barriers to adoption, particularly in transitioning
economies. These studies suggest that without parallel investments in education and
digital literacy, infrastructure development alone cannot generate sustainable e-
government progress.

In the context of Central Asia, the gap between infrastructure growth and human
capital readiness has been particularly evident. Kazakhstan, for instance, has leveraged
relatively higher levels of human capital to achieve stronger EGDI performance, ranking
24th globally in 2024, compared to Uzbekistan’s 63rd. This disparity illustrates the critical
role of human capital in bridging the digital divide and maximizing the benefits of digital
transformation.

The Role of Infrastructure and Online Services

While human capital constitutes the demand-side enabler of e-government,
infrastructure and online services represent the supply-side dimensions. The
telecommunication infrastructure index reflects physical access through broadband
penetration, mobile connectivity, and internet availability. Numerous studies argue that
infrastructure remains a precondition for inclusive digital governance, particularly in
developing countries. However, evidence also suggests that infrastructure investment
without parallel service development risks producing “empty connectivity,” where
citizens have access but limited incentives to use digital platforms[4].

The online service index represents the degree of service digitization and
accessibility. Empirical findings emphasize that well-designed e-services not only improve
efficiency but also foster trust in government institutions[5]. The OSI is more policy-
sensitive than other components, with governments able to rapidly expand services
through portals, mobile applications, and open data initiatives. However, sustaining usage
depends on alignment with citizen skills and infrastructure availability (T1I).

System Dynamics as a Methodological Approach

Given the interdependencies among EGDI components, a methodological
framework is required that can capture feedback processes, time delays, and nonlinear
growth patterns. System dynamics (SD), first developed by Forrester, offers such a
framework. SD enables researchers to model causal feedback loops and simulate the
behavior of complex socio-technical systems over time. Sterman emphasizes its value in
revealing policy resistance and long-term unintended consequences, phenomena highly
relevant to digital governance, where reforms often interact with societal, institutional, and
technological subsystems.

Applications of SD in public policy include health systems, education reform, and
ICT adoption[6]. More recent works apply SD to e-government contexts, modeling
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adoption dynamics, digital literacy feedback, and infrastructure—service interactions.
Scholars also stress the importance of sensitivity testing and Monte Carlo simulations in
ensuring the robustness of SD models, particularly when parameter uncertainty is high[7].

Despite its suitability, SD remains underutilized in e-government research. Most
existing studies rely on econometric or cross-sectional designs, which fail to capture the
dynamic and path-dependent nature of digital transformation. This gap creates an
opportunity to apply SD modeling to EGDI, thereby offering new insights into policy
sequencing and long-term strategy design.

Uzbekistan’s E-Government Development: Progress and Challenges

Uzbekistan has pursued ambitious reforms under the “Digital Uzbekistan 2030”
strategy, prioritizing ICT infrastructure, e-service expansion, and digital skills training[8].
Initiatives such as the “my.gov.uz” portal and open data platforms have contributed to
steady improvements in EGDI scores. Nevertheless, challenges remain. National surveys
and international reports identify limited digital literacy, regional disparities in access, and
insufficient integration across platforms as barriers to adoption[9-10].

Comparative evidence shows that Uzbekistan’s relative lag behind Kazakhstan and
other regional peers is attributable not to infrastructure gaps alone but also to deficits in
human capital and e-service uptake. While the government has made progress in
expanding broadband penetration, the population’s ability to utilize services effectively
remains uneven. This suggests that without an integrated policy approach, Uzbekistan
risks a structural imbalance between supply-side readiness and demand-side
capability[11].

Identified Research Gap
The reviewed literature highlights several key insights:

a. EGDI is widely used as a benchmark for e-government, but most studies treat its
components independently rather than dynamically.

b. Human capital is consistently identified as the most significant long-term determinant
of e-government readiness, though infrastructure and service provision remain
necessary complements.

c.  System dynamics provides a theoretically and methodologically appropriate tool for
modeling feedback loops, uncertainty, and nonlinear growth, yet it has rarely been
applied to the study of EGDL

d. In the context of Uzbekistan, existing studies focus primarily on descriptive analysis
of reforms or citizen acceptance of services, with limited quantitative modeling of
long-term trajectories.

This study addresses these gaps by developing the first system dynamics model of
Uzbekistan’s EGDI, calibrated with longitudinal data from 2003 to 2024 and validated
using statistical and sensitivity tests. Simulating alternative policy scenarios provides
evidence-based insights into the relative effectiveness of human capital development,
infrastructure expansion, and service provision strategies[12].

2. Materials and Methods

In this section, the methodology is outlined with reference to the research questions,
research design, and research objectives. The study employs a system dynamics modeling
approach to examine the evolution of Uzbekistan’s EGDI and to evaluate policy options
for achieving sustainable e-government development. System dynamics is particularly
well-suited for this research, as it allows for the representation of complex, feedback-
driven processes and the time delays inherent in digital transformation. In contrast to
linear statistical techniques, system dynamics provides a comprehensive framework for
capturing the dynamic interactions among the three components of the EGDI: the Online
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Service Index, the Telecommunication Infrastructure Index, and the Human Capital
Index[13].

Research Questions and Objectives
Three central research questions are in focus:

a. How can the components of the EGDI which are OS], TII, and HCI, be integrated into
a single analytical framework?

b. How can system dynamics modeling be applied to simulate the long-term evolution of
Uzbekistan’s EGDI?

c. What policy strategies are most effective for accelerating EGDI growth and ensuring
sustainable e-government development in Uzbekistan?

The primary research objective is to develop and validate a system dynamics model
of Uzbekistan’s EGDI. Specific objectives include: (i) identifying causal relationships
among EGDI components, (ii) constructing a stock-and-flow simulation model, (iii)
calibrating and validating the model with historical data, (iv) conducting sensitivity and
scenario analyses, and (v) deriving policy recommendations for sustainable e-government
growth.

Research Design

The study adopts a quantitative, simulation-based design grounded in system
dynamics. System dynamics was selected because it captures the complexity of e-
government development, which involves multiple interdependent variables, feedback
processes, and time delays. Unlike linear econometric methods, SD provides a holistic
framework for analyzing nonlinear dynamics and testing alternative policy scenarios.

Data Sources

The model was calibrated using secondary data covering the period 2003-2024,
obtained from:

a. United Nations E-Government Survey (EGDI, OSI, TII, HCI data);
b. World Bank databases (education, digital access, ICT indicators);

c. International Telecommunication Union;
d. National statistical sources of Uzbekistan.

These datasets provided both aggregate EGDI values and disaggregated sub-
indicators necessary for modeling the interactions among OSI, TII, and HCIL.

Model Development
The model construction followed standard system dynamics procedures:

Causal Loop Diagrams;

Developed to map feedback relationships among EGDI components;

Stock-and-Flow Model: Constructed in Vensim PLE Software;

Calibration: Model parameters were adjusted to ensure close alignment between

simulated and observed EGDI data;

e. Validation: The model validation was conducted using the Root Mean Square
Percentage Error (RMSPE).

f. Sensitivity Analysis: A Monte Carlo sensitivity analysis was performed to test

an oo

robustness under parameter uncertainty.

3. Results and Discussion

In this section, the simulation results will be presented with a detailed comparison
between historical and modeled values of Uzbekistan’s E-Government Development
Index. The purpose of this analysis is twofold: first, to assess the accuracy of the system
dynamics model in reproducing past EGDI trajectories; and second, to establish the
model’s reliability as a forecasting tool for policy analysis[14].
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The system dynamics model of Uzbekistan’s E-Government Development Index was
calibrated against historical data for the period 2003-2024. Figure 2 presents the
comparison between historical values and simulated outcomes. The simulated trajectory
closely follows the observed upward trend of EGDI. While discrepancies are more
pronounced in the early years, particularly 2003-2005, the fit improves substantially after
2010. From 2016 onward, simulated and historical values converge, with only minimal
deviations observed[15].

E-Government Development Index Uzb

Residual Error Plot: Historical vs. Simulated EGDI (Uzbekistan)

08

2003 2006 2009 2012 2015 2018 2021 2024 2005 2010 215 2020 2025
Time (Year) ear

"E-Govemment Development Index Uzb" : histoncal

"E-Govemment Development Index Uzb"

Figure 2. Historical versus simulated EGDI for Uzbekistan, 2003-2024, and the
residual error plot

The residual error plot further illustrates this alignment. Initial underestimation is
evident, with a residual of approximately —0.4 in 2003, but subsequent years show reduced
error, stabilizing between —0.1 and -0.2. By 2020-2024, residuals approach zero, indicating
strong consistency between the model and empirical data. Statistical measures confirm the
robustness of the model. The Mean Absolute Error is 0.08, indicating that, on average,
simulated values differ from historical data by less than one-tenth of a point. The Root
Mean Squared Error (RMSE) is 0.14, reflecting slightly larger penalties for early-year
deviations but reaffirming the model’s overall accuracy.

The simulation results confirm that the model is well-calibrated, with low error
margins and strong alignment with historical data. This reliability supports its use in
scenario analysis and policy evaluation, particularly for forecasting Uzbekistan’s EGDI
development toward 2030. To assess robustness under uncertainty, a Monte Carlo
sensitivity analysis was performed for the Human Capital Index and Online Service Index,
two key components of the E-government development index[16-17]. The analysis tested
the impact of variations in input parameters on model outputs, producing probability
bands that reflect the range of possible trajectories.

simulation
50% 75% [ 95% [l 100
Human Capital Index Uzb

0.8

0.7

—_—_
D6 e —————————————

05 ==_——

0.4
2003 2008 2014 2019 2024

Time (Year)
Figure 3. Monte-Carlo Sensitivity Analysis for Human Capital Index
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The results for the human capital index (see Figure 3) reveal a gradual increase from
approximately 0.55 in 2003 to above 0.65 in 2024. The central 50% and 75% confidence
intervals (yellow and green) are relatively narrow, showing that most simulations cluster
around the mean projection. Wider intervals at the 95% and 100% levels (blue and grey)
diverge only slightly, indicating that human capital index outcomes remain robust even
under parameter uncertainty. This reflects the structural stability of human capital
development, which evolves gradually through changes in education, skills, and
demographic patterns.

The online service index (see Figure 4) demonstrates even greater stability.
Throughout the period 2003-2024, the online service index remains clustered between 0.70
and 0.85 across all simulations[18]. The narrow confidence intervals suggest minimal
sensitivity to parameter variation, indicating that the online service index is primarily
shaped by policy measures, such as investments in digital platforms, service availability,
and user accessibility, rather than stochastic fluctuations[19].

simulation
50% 75% [ 95% [l 100%

Online Service Index Uzb
1

T ————————
0.7

0.55

0.4
2003 2008 2014 2019 2024

Time (Year)

Figure 4. Monte-Carlo Sensitivity Analysis for Online Service Index

The combined findings highlight both the accuracy and resilience of the system
dynamics model. The simulation results confirm that the model reliably reproduces
historical EGDI trends, while the Monte Carlo analysis validates its robustness under
uncertainty. From a policy perspective, the results suggest that:

a. Human Capital Index: Improvements are gradual but resilient, requiring sustained
investment in education and digital literacy to accelerate progress.

b. Online Service Index: Outcomes are highly stable and directly responsive to
government-led initiatives, making this a strategic entry point for rapid and
measurable gains.

c. Hybrid Policy Approach: A hybrid strategy that simultaneously reinforces human
capital and expands digital services is most likely to produce sustainable improvements
in Uzbekistan’s EGDI performance.

These findings establish a strong empirical and methodological basis for the
subsequent scenario analysis (2025-2030), which explores the long-term implications of
alternative education and digital-oriented policy pathways.

4. Conclusion

Uzbekistan’s ambition to enter the top-30 global EGDI ranking by 2030 is achievable
if reforms are strategically sequenced and balanced. The results of the system dynamics
simulations and Monte Carlo sensitivity analysis provide several important implications
for policymaking in Uzbekistan’s e-government development.

A. To prioritize human capital development.
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The human capital index demonstrates a steady but gradual improvement, even
under uncertainty. This indicates that investments in education, digital literacy, and skill
formation yield long-term benefits but require sustained commitment. Expanding tertiary
enrollment, reducing dropout rates, and integrating digital competencies into curricula are
essential measures for accelerating human capital growth. Without such interventions,
Uzbekistan’s capacity to fully utilize digital governance platforms will remain constrained.

B. To leverage stability in online service provision

The online service index displays a high degree of stability and low sensitivity to
stochastic fluctuations. This suggests that policy interventions in online service delivery —
such as expanding e-services, improving user experience, and ensuring accessibility —are
likely to produce reliable and measurable outcomes. Strengthening interoperability, open
data initiatives, and mobile service platforms could provide quick gains in citizen
engagement and institutional efficiency.

C. To expand ICT infrastructure

The telecommunication infrastructure index (TII), while not explicitly analyzed in
sensitivity testing, remains a critical enabler of both HCI and OSI outcomes. Investments
in broadband access, rural connectivity, and mobile penetration are necessary to reduce
the digital divide and ensure that improvements in services and skills translate into
equitable usage across the population.

D. To implement a hybrid policy approach.

The combined results underscore the importance of adopting a hybrid strategy.
Exclusive reliance on education-focused reforms will produce incremental improvements
but limited impact on short-term digital governance outcomes. Conversely, a digital-first
approach may deliver faster gains but risks being unsustainable without a strong human
capital foundation. An integrated policy mix simultaneously reinforcing human capital,
expanding infrastructure, and enhancing service provision is most likely to accelerate
Uzbekistan’s progress and position it among the global top 30 in the EGDI ranking by 2030.

To conclude, Uzbekistan’s ambition to join the top 30 EGDI performers by 2030 is
feasible if reforms are balanced. Human capital requires long-term investment, while
online services can provide quick, measurable gains. ICT infrastructure remains the
enabler across both. A hybrid approach, strengthening education, expanding services, and
investing in infrastructure, offers the most effective pathway.
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