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ABSTRACT

This article examines the role of digital transformation and
Government Technology (GovTech) in enhancing public
sector efficiency, transparency, and citizen engagement.
Drawing on a systematic literature review and quantitative
analysis of the United Nations e-Government Index (EGI)
data for 155 countries from 2008 to 2024, the study employs
an ARIMA(1,1,1) model to forecast future trends in digital
transformation over the next five years. The findings reveal
that digital transformation significantly improves service
delivery and participatory governance, with GovTech acting
as a pivotal enabler through technologies such as artificial
intelligence, big data, and blockchain. However, challenges
including infrastructure deficits, digital literacy gaps, and
data security concerns persist, particularly in developing
nations. The analysis forecasts a steady rise in global EGI
scores, underscoring a persistent digital divide. This study
contributes to the literature by integrating qualitative
insights with predictive modeling and, offering policy
recommendations to address identified barriers and enhance
digital governance.

oz

Bu makale, dijital doniisiim ve Devlet Teknolojisi
(GovTech)'in kamu sektoriinde verimlilik, seffaflik ve
vatandas katiliminin artirilmasindaki roliinii incelemektedir.
Sistematik bir literatiir taramas1 ve 2008-2024 yillart
arasinda 155 iilkenin Birlesmis Milletler e-Devlet Endeksi
(EGI) verilerinin nicel analizine dayanan ¢alisma,
oniimiizdeki bes yildaki dijital doniisiim egilimlerini
tahmin etmek i¢in ARIMA(1,1,1) modelini kullanmaktadir.
Bulgular, dijital doniisiimiin hizmet sunumu ve katilimel
yOnetisimi 6nemli 6l¢iide iyilestirdigini, GovTech'in ise
yapay zeka, biiyiik veri ve blockchain gibi teknolojilerle
kilit bir etken oldugunu gostermektedir. Bununla birlikte,
altyapi eksiklikleri, dijital okuryazarlik ag1g1 ve veri
giivenligi endiseleri gibi zorluklar 6zellikle gelismekte

olan tilkelerde devam etmektedir. Analiz, kiiresel EGI
degerlerinde istikrarlt bir artis ongérmekte ve siiregelen bir
dijital uguruma isaret etmektedir. Bu ¢alisma, nitel bulgular:
tahmine dayali modelleme ile birlestirerek literatiire katki
saglamakta ve belirlenen engelleri agmaya yonelik politika
onerileri sunmaktadir.



INTRODUCTION

Digital transformation is bringing about significant

changes in public administration, altering how services

are delivered, how institutions operate, and how citizens
engage with their government (Janowski, 2015; Margetts &
Dunleavy, 2013). In this evolving landscape, Government
Technology (GovTech) has stepped up as a crucial player,
using cutting-edge digital tools to enhance efficiency,
transparency, and inclusivity in governance (Mergel,
Porumbescu, & Hong, 2019).

The findings show that digital transformation plays a
crucial role in enhancing service delivery and participatory
governance, with GovTech serving as a key enabler
through technologies like artificial intelligence (Al),

big data, blockchain, and the Internet of Things (IoT).
These technologies go beyond just automating tasks; they
fundamentally reshape how governments engage with
citizens, provide services, and make decisions (Gong &
Yang, 2024). For example, Al-driven chatbots have cut
down response times to citizen inquiries by more than
30% (OECD, 2021), and blockchain initiatives, such as
Georgia’s land registry, have bolstered data integrity and
trust in public systems.

The United Nations E-Government Index (EGI) offers a
solid framework for assessing digital governance readiness.
By integrating indicators related to online services,
telecommunications infrastructure, and human capital, the
EGI captures the necessary infrastructural and institutional
capacity for digital transformation (Westerman, Bonnet, &
Ferraris, 2014). Countries like Estonia, Singapore, India,
and Brazil have shown how tailored digital strategies

can lead to significant improvements in public sector
performance.

What sets GovTech apart from traditional e-government is
its focus on innovation, modularity, and putting citizens at
the center, rather than just digitizing existing bureaucratic
processes (Mergel, Edelmann, & Haug, 2019). Successful
GovTech systems emphasize interoperability, adaptive
leadership, and collaboration among governments, private
sector players, and civil society (Idzi & Gomes, 2022;
OECD, 2020).

However, despite its promise, digital transformation still
encounters ongoing challenges like infrastructure gaps,
digital literacy issues, and cybersecurity risks (Carter &
Belanger, 2005). These obstacles highlight the importance
of developing governance models that align digital tools
with institutional goals, capabilities, and local contexts
(UN, 2022).

Even though GovTech is becoming more popular, the
existing literature is still quite scattered. There's not much
integration of quantitative forecasting with qualitative
case studies to really understand global trends and local
applications (Liva et al., 2020). This study aims to fill
that gap by merging a systematic literature review with a
quantitative analysis of the United Nations e-Government
Index (EGI) data for 155 countries, covering the years from
2008 to 2024. Using an ARIMA(1,1,1) model to predict
digital transformation trends all the way through 2029.
The goal of this research is to offer practical insights for
policymakers by exploring how digital transformation,
GovTech, and public sector performance interact with
one another. The research aims to tackle some important
questions:

How does digital transformation enhance the performance
of the public sector?

What role does GovTech play in facilitating this
transformation?

What are the main challenges and potential pathways for
digital governance moving forward?

By exploring these questions, this research adds valuable
insights to both theoretical and practical understandings
of digital governance, providing recommendations for
governments as they navigate the complexities of the
digital age.

LITERATURE REVIEW

Digital transformation and Government Technology
(GovTech) represent a paradigm shift in public
administration, leveraging advanced technologies to
enhance service delivery, transparency, and citizen
engagement. This literature review synthesizes existing
research to explore the definitions, significance,



applications, benefits, and challenges of digital
transformation and GovTech, drawing on global exemplars
and Turkey’s evolving landscape. The analysis highlights
critical success factors and persistent barriers, offering
insights for future policy and research.

Key Themes and Applications

The literature identifies several recurring themes

that illustrate the transformative potential of digital
transformation and GovTech: To enhance conceptual
clarity, this section summarizes the key themes associated
with digital transformation and the GovTech framework,
along with their conceptual explanations and application
examples. The table 1 brings together the main themes of
digital transformation and GovTech, tackling the research
question about how these processes boost efficiency,
transparency, and citizen engagement in the public

sector. For example, Estonia’s X-Road, which focuses on

citizen-centric services, and Singapore’s Smart Nation,
which emphasizes data-driven governance, showcase
real-world applications of these themes, as highlighted

in the literature (Kalvet, 2012; Tan et al., 2017). The

table illustrates how these themes are interconnected,
demonstrating that emerging technologies like blockchain
can enhance transparency—take Georgia’s land registry as
a case in point (World Bank, 2022). This insight can help
policymakers craft comprehensive digital strategies.

As table 1 shows, these themes are not entirely independent
of each other; they often refer to overlapping processes.
For example, citizen-centered designs are often supported
by new technologies, while data-driven governance
approaches encourage participation. Understanding these
intersections is critical to building holistic and sustainable
digital transformation strategies.

Table 1. Comparative Analysis of Digital Transformation and GovTech Themes

Relation to Digital

Theme Transformation

Core Concept

Relation to

GovTech Evidence Source

Example

Kalvet (2012); T.C.

Citizen-Centric Red@mgmng Imprm@s service Enables direct Estonia’s X-Road, = Cumbhurbaskanlig:
. services around user accessibility and engagement through , v
Services . . Turkey’s e-Devlet Dijital Doniistim
needs satisfaction Al and chatbots .
Ofisi (2021a)
. Using big data Facilitates real-time, Implements Singapore’s Smart Tal} etal. (2017);
Data-Driven . . .. ; . Dréze & Khera
and analytics for evidence-based predictive models Nation, India’s
Governance .. . . (2017); OECD
decision-making policy and smart platforms Aadhaar (2021)
- Involving citizens in Enhances Prov@eg . Brazil’s L1nder§ (2012);
Participatory e-participation . ,  Sampaio et al.
governance through transparency and e-Democracia, UK’s
Democracy digital tools civic trust platforms and open open government (2018); Bates
& data portals pen g (2012)

. Al, blockchain, IoT  Transforms Drives innovation in Georgia S World Bank (2.022);
Emerging integration in public bureaucratic service delivery and blockehain land Sun & Medaglia
Technologies & p oy registry, OECD (2019); Mergel et al.

Services processes trust mechanisms .
pilots (2019)




Figure 1. Digital Transformation-GovTech Interaction Framework

Figure 1 shows the interconnectedness of large-scale digital transformation (on the left) and smaller-scale GovTech solutions (in the
center), all influenced by the performance metrics of the e-Government Index (on the right). The impact domains highlight how these
relationships play out in public sector results, with examples from different countries illustrating various levels of maturity.

Figure 2. GovTech Implementation Success Framework

Figure 2 illustrates the hierarchical connection between representative look at digital transformation and GovTech
key success factors at the top, their practical applications in  applications. These criteria include: (1) Technological

the middle, and the governance outcomes that result at the  Infrastructure Maturity, which helps us understand
bottom. This model highlights how effective collaboration  the differences in digital readiness; (2) Governance

among leadership, technology, and literacy areas can lead Stability, to evaluate how institutional frameworks impact
to significant improvements in e-government performance.  outcomes; (3) Citizen Engagement Levels, to measure
Global Case Studies how part.1c1p;'1t0ry. governance is; and (fl) Geographic and

Economic Diversity, to ensure the findings are relevant
The countries examined in this study were carefully globally.

chosen based on specific criteria to ensure a thorough and



Although some of these countries were not included in
the United Nations e-Government Index (EGI) time series
analysis due to data incompatibility, their qualitative
examples of practice add to the conceptual depth of the
study and provide guidance for policymakers.

The case studies presented below are not only descriptive,
but also focus on analyzing the strategic dimension of each
implementation, the challenges faced, and the impact it
had.

Estonia has moved public services almost entirely online
and developed innovative projects such as “e-Residency”
with the digitalization strategy it has launched since the
1990s. Thanks to the X-Road infrastructure, data sharing
between institutions is transparent and secure. This
success was made possible by high digital literacy, early
infrastructure investments and strong legal regulations
(Kalvet, 2012).

Singapore's “Smart Nation” initiative integrates
technologies such as artificial intelligence, big data and loT
into areas such as city management and health. Supported
by public-private partnerships, this model has led to
significant increases in citizen satisfaction while improving
service quality (Tan et al., 2017). Digital identity systems
and open data platforms strengthen both participation and
efficiency.

The Aadhaar system has reached 1.3 billion people in

India through digital identity supported by biometric data,
enabling more equitable and traceable distribution of social
assistance. However, data security and privacy issues
remain on the agenda (Dreze & Khera, 2017).

Brazil's “e-Democracia” initiative provides open platforms
for citizens to participate online in lawmaking processes.
While this model supports the principles of transparency
and accountability, it faces challenges such as low digital
literacy and regional inequalities (Sampaio et al., 2018).

The UK encourages the development of innovative
solutions to public problems through its “GovTech
Catalyst” program and open data strategies. In particular,
projects developed at the municipal level provide success
in the areas of data-driven decision-making and interaction
with citizens (Bates, 2012).

Georgia has managed to reduce fraud in property
transactions by 90% by integrating blockchain technology
into land registry transactions. This demonstrates the
transformative potential of GovTech for transparency and
trust-based governance (World Bank, 2022).

Meyerhoff Nielsen and Jordanoski (2020) focused on the
different strengths of three countries in their comparative
study of governance models that influence success in
digital transformation. In Denmark, citizen-centered service
design ensures that public policies are aligned with societal
needs. In South Korea, centralized data management
systems ensure consistency and speed in digital services,
while in Australia, setting digital service standards ensures
consistency in service quality.

Furthermore, Meyerhoff Nielsen (2019) illustrates how
strong institutional coordination structures (e.g. digital
leadership offices) support digital transformation processes
in Denmark. In particular, such a governance architecture
facilitates inter-organizational cooperation and enables the
realization of the strategic vision.

These cases provide a robust framework for analyzing the
strategic dimensions, challenges, and impacts of GovTech,
offering lessons for policymakers across diverse contexts.

Benefits and Challenges
Benefits

Digital transformation and GovTech initiatives bring a
wealth of benefits to public administration. To start, these
technologies boost institutional efficiency by automating
mundane tasks, streamlining workflows, and cutting down
on bureaucratic delays. This not only speeds up service
delivery but also makes better use of resources, leading to
significant cost savings for governments (Wirtz & Miiller,
2019).

At the same time, transparency and accountability get a
major boost through open data platforms and traceable
digital processes. When citizens can track service progress,
access budget information, or share their feedback

online, it builds trust in government institutions (Janssen
et al., 2020). Just look at Estonia's digital government
infrastructure and the UK's open government data
portals—they're perfect examples of how transparency can



strengthen public legitimacy (Kalvet, 2012; Bates, 2012).

Additionally, citizen empowerment is a key outcome of
digital transformation. With mobile apps, Al chatbots,
and e-participation platforms, citizens transition from
being mere recipients of services to active participants
in governance. GovTech paves the way for a more
participatory and user-centered approach to government
(Linders, 2012; Margetts & Dunleavy, 2013).

Challenges

However, the digital transformation of the public

sector faces several hurdles, both structural and socio-
technical. One major issue is the digital infrastructure gap,
particularly in developing countries or rural areas. Limited
broadband access, outdated hardware, and a lack of data
centers can really undermine the effectiveness and reach
of GovTech tools (Carter & Belanger, 2005; World Bank,
2022).

The main obstacles encountered in the implementation
process as bureaucratic resistance, data integrity issues and
low digital literacy. It recommends gradual implementation
and stakeholder-based evaluation as solutions (Pedersen,
2018). The use of big data makes governance in public
agencies more transparent and data-driven, but security
and ethical concerns need to be taken into account (Sarker
et al., 2018). The implementation challenges and strategic
approaches focus on risk analysis, change management
and feedback loops for digital government projects by
developing a six-stage methodology (Huang & Karduck,
2017).

This brings us to a larger issue of digital inequality. Many
groups, especially the elderly, those living in rural areas, or
people facing economic hardships, struggle with low digital
literacy, which makes it tough for them to access digital
services fairly. Instead of closing the gap, poorly thought-
out solutions might actually make things worse (Friederici
et al., 2020).

Security and privacy are also significant concerns. As
governments gather huge amounts of data on their citizens,
the chances of data breaches, misuse of surveillance,

and failure to comply with global privacy standards (like
GDPR) rise. If strong cybersecurity measures aren’t put

in place and kept up, public trust could take a hit (Sun &
Medaglia, 2019; EU GDPR, 2018).

Lastly, the slow pace of change within organizations and
resistance from bureaucratic structures can hinder the
adoption of digital tools. This pushback often comes from
fears of job loss, a lack of digital skills among public sector
workers, or a reluctance to move away from outdated
systems (Cordella & Tempini, 2015).

Success Factors

The literature emphasizes leadership, technological
infrastructure, and digital skills as prerequisites for success
(Dwivedi et al., 2020). Estonia’s sustained investment

and Singapore’s strategic vision illustrate how these
factors converge to drive impactful outcomes. In contrast,
Turkey’s efforts reveal the need for broader rural inclusion
and enhanced cybersecurity (T.C. Ulastirma ve Altyapi
Bakanligi, 2021).

Global Exemplars of GovTech and Digital
Transformation

This chapter focuses on the concept of digital government,
which addresses digitalization processes in the public sector
in the context of institutional reforms. Digital government
refers not only to the adoption of new technologies but

also to the restructuring of public administration, service
delivery and interaction with citizens. Unlike GovTech,
which is limited to outsourced technological solutions, this
concept emphasizes the internal transformation of public
institutions and integration at the policy level (Janowski,
2015; OECD, 2023).

In this context, the selected countries are analyzed as
examples that have successfully implemented digital
government reforms, despite having different governance
structures and levels of development. The reviews are
organized along four main axes: Service Integration, Data
Governance, Citizen Centered Design, Policy and Legal
Coherence.

Estonia has automated and secured inter-agency data
sharing through applications such as the X-Road system
and the e-Residency program, and provided citizens
with service access through an integrated digital identity.
This model was supported by high digital literacy and a



legislative infrastructure established from an early stage
(Kalvet, 2012). Estonia is an exemplary model where
the digital government is integrated into all layers of
governance.

Singapore's Smart Nation initiative is a strong example

of the digital government, especially in the data-driven
policy-making dimension. Thanks to artificial intelligence
and big data systems, predictive services are provided in
the fields of health, transportation and public safety (Tan et
al., 2017). Data integrity and centralized planning are key
components of this success.

The United Kingdom is implementing digital government
practices through open data strategies and regulatory
frameworks. The GovTech Catalyst Program supports
innovative projects, while open data policies encourage
public scrutiny and participation (Bates, 2012). This
structure has made citizen-official interaction more
transparent and measurable.

Meyerhoff Nielsen and Jordanoski (2020) comparatively
analyze these three countries and show how the digital
government is integrated with different governance
models. While citizen-oriented service design is
prominent in Denmark, South Korea stands out with its
strong data centralization. Australia provides stability by
institutionalizing digital service standards. Meyerhoff
Nielsen (2019) emphasizes that the coordination power of
digital leadership offices, especially in Denmark, plays a
key role in digital transformation.

India's Aadhaar system has delivered public services

more efficiently to billions of people by providing

digital authentication with biometric data. This system
demonstrates the scalability potential of the digital
government; however, debates continue on issues such as
data security and personal privacy (Dréze & Khera, 2017).

As part of its digital government strategy, Georgia has
made property processes transparent and reduced fraud by
using blockchain technology in land registry transactions.
This is an example of the digital government's capacity to
build transparency and trust (World Bank, 2022).

Turkey’s GovTech and Digital Transformation
Landscape

Turkey's digital government adventure gained visibility
with the launch of the e-Government Gateway (www.
turkiye.gov.tr) platform in 2008; however, it has its

roots in the information technology strategies in public
administration that started in the 1990s. In this process,
documents such as the Information Society Strategy
(2006-2010) and the Regulation on e-Government Service
Delivery were guiding documents (T.C. Cumhurbaskanlig1
Dijital Doniisiim Ofisi, 2021a).

After 2018, with the establishment of the Digital
Transformation Office of the Presidency, digital
government policies have gained a centralized structure
and themes such as data-driven governance, integrated
services and artificial intelligence strategy have been
brought to the agenda (T.C. Cumhurbaskanlig: Dijital
Dontistim Ofisi, 2020). The Digital Turkey Strategy and the
National Artificial Intelligence Strategy are the main policy
documents of this period (T.C. Cumhurbaskanlig1 Dijital
Dontistim Ofisi, 2021b).

Turkey's e-Government development has progressed in
parallel with the normative guidance of many international
organizations, particularly the United Nations (UNDESA),
OECD and the World Bank. Turkey's ranking in the UN
E-Government Index (EGI) has continuously increased
since 2014. This increase shows that both the service
delivery capacity and the digitalization of human capital
have improved (United Nations, 2022).

In particular, World Bank-supported Public Information
Systems Projects, European Union IPA funds, and technical
harmonization efforts within the framework of the OECD
GovTech Toolkit have facilitated the alignment of Turkey's
digital government architecture with global standards. In
this process, significant progress has been achieved in areas

such as “open data policies”, ‘interoperability’ and “digital
inclusion” (World Bank, 2022; OECD, 2023).

In Turkey, GovTech has become a more tangible field in
recent years, especially with examples such as Al-powered



public services, mobile-based citizen applications, and
blockchain-based title deed tests (Smart City Turkey,

n.d.). Applications such as e-Nabiz, e-School, Digital ID
Card, Mobile Signature, and HES Code reflect systems
where technology is directly integrated into public-citizen
interaction (Ministry of National Education, 2021; Ministry
of Transport and Infrastructure, 2021).

Furthermore, Technology Development Zones, TUBITAK-
supported GovTech projects and ICTA-coordinated
regulatory policies encourage innovation in digital public
services through public-private partnerships.

Turkey's e-Government experience is characterized by a
strong centralized coordination structure and high service
integration capacity, but there is potential for improvement
in open governance, data security and participatory

digital democracy. For GovTech to become a more
systematic policy area, stronger bridges need to be built
between regulation, the start-up ecosystem and corporate
innovation.

Comparative Insights and Implications

The examples of digital government examined in this
study reveal some common strategic trends, despite being
implemented in different contexts. These trends enable
not only technological adaptation, but also strengthening
infrastructure, enhancing citizen participation and
developing adaptive governance capacity. However, these
conclusions are not mere assumptions, but are based on
concrete practices observed in the case studies.

For example, Estonia's digital identity and X-Road
infrastructure standardized inter-agency data sharing,
enabling secure and faster service delivery. In Singapore,
the Smart Nation initiative has achieved digital integration
of centralized data management systems and city
infrastructure. These examples show that successful
digital government reforms include not only software but
also investments in enterprise architecture, data centers,
interoperability protocols, and digital security (Kalvet,
2012; Tan et al., 2017).

Brazil's e-Democracia platform and the UK's open data
practices demonstrate the use of technology not only in
service delivery but also as a tool for transparency and

participation in decision-making processes. Through
digital platforms, citizens can contribute to lawmaking,
monitor budgets and provide feedback on public services.
The success of these models relies on the systematic
integration of citizen-centered design principles and digital
participation mechanisms (Linders, 2012; Bates, 2012).

In India, the Aadhaar system has increased the resilience of
the digital government to crises by enabling identity-based
service access in a large and heterogeneous society. During
COVID-19, this system enabled the distribution of social
benefits in a short period of time. Similarly, in Georgia,
blockchain-based title deed systems have increased data
security and minimized inter-institutional trust issues
(Dréze & Khera, 2017; World Bank, 2022).

These applications demonstrate that the digital government
is not only “efficient” but also offers a governance model
that can adapt quickly in times of crisis. Especially in
multi-actor and decentralized systems, digital tools increase
governance capacity and strategic agility.

These comparative insights suggest that digital government
policies should not be solely technology-driven; they need
a holistic strategy based on institutional flexibility, citizen-
centricity and multi-level collaboration. The key takeaway
for policymakers is that these practices offer examples that
can be adapted to the local context, but can be learned from
at the global level.

DATA ANALYSIS AND FINDINGS

This study uses the e-Government Index (EGI) panel

data for the period 2008-2024 provided by the United
Nations Public Administration Network (UNPAN, 2025).
The dataset consists of 1,582 observations covering 155
countries, each of which includes the following indicators:
Online Services Index (0-1 scale), Telecommunications
Infrastructure Index (number of fixed broadband
subscribers per 100 people), and Human Capital Index
(average years of education and digital literacy rates). Data
are available for the years 2008, 2010, 2022 and 2024. A
time-series analysis using the ARIMA(1,1,1) model was
conducted to forecast EGI trends through 2029.

During the cleaning and preparation phase of the dataset,
missing values were completed using the Multiple



Imputation Method (MICE) and outliers were detected
using Tukey's Fence Method. In addition, the Augmented
Dickey-Fuller (ADF) unit root test was applied to
determine the time series properties of the data and it was
determined that the series was non-stationary (ADF =
-6.48, p = 1.33 x 10®). Therefore, first-order difference was
used to make the series stationary.

Methodology

In the study, general trends were analyzed using all country
data. Time series models such as ARIMA were run on

this data set. The ARIMA (Auto Regressive Integrated
Moving Average) model was preferred for time series
forecasts in the study. The reasons for this preference

are as follows: ARIMA is frequently preferred in social
sciences and public policy analysis due to its capacity to
deal with non-stationary data series and the model predicts
future values by taking into account both past observations
(autoregression) and previous forecast errors (moving
average).

The fact that GovTech adoption processes are shaped by
adaptive expectations over time and that public policies
have lagged effects supports the selection of the ARIMA
model.

Figure 3 visualizes the steps of the data analysis
methodology used in this study and the ARIMA(1,1,1)
model selection process. Each component in the figure is
explained in detail below:

Data Entry; Source: Official EGI database provided by the
United Nations Public Administration Network (UNPAN,
2025). Scope: Annual data for 155 countries for the period
2008-2024 (total number of observations: n=1,582)

Data Preprocessing Stage; Missing Data: Multiple
imputation method with chained equations (MICE) was
applied. Outliers: Detected and corrected using Tukey's
fence method (k=1.5).

Stationarity Analysis; Augmented Dickey-Fuller Test:

As a result of the test applied by selecting Lag=2, it was
determined that the series was not stationary (p<0.01).
Result: First-order difference operation was performed to
make the series stationary.

Model Definition; ACF/PACF Analysis: Autocorrelation
function (ACF) showed 1 significant lag, partial
autocorrelation function (PACF) showed MA(1)

component. Model Selection: ARIMA(1,1,1) model

was selected for the following reasons: Lowest Akaike
Information Criterion (AIC=342.1; AIC=345.3 for
SARIMA) and capacity to capture lagged effects of public
policies

Model Validation; Ljung-Box Test: It confirmed that there
is no autocorrelation in the residuals (p>0.05). Jarque-
Bera Test: It showed that the residuals are not normally
distributed (p=0.01), therefore, standard errors resistant to
heteroskedasticity were used.

Outputs and Estimations; 2029 Point Estimation: The
EGI index value is expected to be 0.673 (95% confidence
interval: [0.668, 0.678]). Annual Growth Rate: It is
projected as 0.7% for the period 2024-2029.

Figure 3. e-Government Index (EGI) Data Analysis Process
and Modeling Stages

The figure 3 provides a transparent presentation of the
analytical process on which the empirical findings of

the study are based. In particular, it provides a critical
contribution in terms of: Determining time series
characteristics with stationarity tests, demonstrating
methodological rigor with model selection criteria,
emphasizing the reliability of projections with forecast
intervals, and the steps presented by the scheme serve as a
methodological template for similar studies.
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Findings

In figure 4 visualizes the 2024 e-Government Development
Index (EGDI) scores for the top 30 countries, based on

the dataset (UNPAN, 2025). The bar chart format enables

a clear comparison of digital governance capabilities,

with Denmark leading at 0.98474, followed closely by
Estonia (0.97274) and Singapore (0.96912), which excel

in online services (e.g., Estonia’s X-Road, Singapore’s
Smart Nation) and telecommunications infrastructure. This
visualization addresses the research question on how digital
transformation enhances public sector performance by
showcasing countries with strong GovTech adoption and
institutional frameworks. The chart supports the study’s
ARIMA(1,1,1) forecast models to the time series of each
individual country. Checked for stationarity using the ADF
test, and then chose the best ARIMA model by minimizing
the AIC. Generated forecasts for the years 2025 to 2029,
focusing on countries that had complete time-series data for
modeling.

Figure 4. Top 30 Countries by E-Government Index

The figure 5 compares the actual e-Government
Development Index (EGDI) scores for the top 30 countries
in 2024, alongside their predicted values derived from

an ARIMA(1,1,1) model, based on the dataset (UNPAN,
2025). The scores, which range from Denmark's impressive
0.98474 to Ukraine's 0.88407, highlight the advanced
digital governance capabilities of these nations, fueled

by strong online services, solid telecommunications
infrastructure, and skilled human capital. Since the dataset
only includes 2024 data, created a synthetic historical

series for each country from 2020 to 2023, assuming a
linear trend that leads up to the actual 2024 score. The
ARIMA(1,1,1) model, which incorporates one lag for
autoregression (p=1), first-order differencing (d=1), and
one lag for moving average (q=1), was used to forecast the
2024 values. The predicted scores are slightly lower than
the actual ones (for instance, Denmark's predicted score

is 0.9648 compared to the actual 0.98474), reflecting the
model's tendency to smooth out short-term fluctuations, as
it’s designed to capture autocorrelations and lagged errors.

Figure 5. Actual vs. Predicted E-Government Index (2024)
ARIMA(,1,D

The telecommunications infrastructure index was chosen
for clustering because it plays a crucial role in enabling all
other aspects of digital transformation. Without a reliable
and widespread connectivity infrastructure, providing
online services and engaging in digital activities simply
isn't possible. Therefore, this indicator serves as a key
benchmark for evaluating how ready countries are for
digital advancements.

In this section, along with the accompanying cluster
figure 6, aims to pinpoint distinct groups of countries
that exhibit similar levels of infrastructure development.
These groupings shed light on the digital divides and the
policy requirements that exist among low-, middle-, and

Figure 6. Clustering of Countries by Digital Transformation
Indicators
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high-income nations. This figure illustrates the digital
divide across infrastructure levels. Countries in Cluster 1
are digitally mature, while Cluster 3 includes states with
structural constraints. This clustering supports tailored
GovTech strategies based on infrastructural readiness.
Figure 6 presents the cluster analysis of countries by
telecommunications infrastructure indicator. The figure
divides countries into three groups: those with high-
capacity infrastructure (e.g. Estonia), medium performers
(e.g. Turkey), and those with infrastructure deficiencies
(e.g. Sub-Saharan African countries). This clustering
provides an important guide for prioritizing GovTech
investments.

This clustering approach aids policymakers in prioritizing
investments and customizing national GovTech strategies
to meet the unique needs of each group. It also highlights
that while there may be ambitious goals for digital policy,
infrastructural challenges continue to pose significant
obstacles in many areas.

ARIMA Results: The moving average component (MA(1)
=-0.9564, p < 0.01) dominates, suggesting short-term
shocks significantly influence EGI trends. The following
values are forecasted for the next five years: 0.662579,
0.673922, 0.673276, 0.673313, and 0.673311. The forecast
predicts a gradual increase (0.662 in 2025 to 0.673 in
2029), stabilizing at a moderate growth rate (Figure 7).

Cluster analysis highlights ongoing disparities: high-
income countries (EGI > 0.85) are enjoying steady growth
at a rate of +1.2% each year, while regions with low
infrastructure (EGI < 0.50) are stuck in stagnation, showing
minimal change (A < 0.5%, p=0.21).

To tackle these inequalities, future GovTech investments
should focus on:

1. Targeted Infrastructure Development: Directing
funds to Sub-Saharan Africa and South Asia, where

telecommunications metrics fall 38% short of global
averages (UNPAN, 2025).

2. Digital Literacy Programs: Scalable initiatives inspired
by Turkey’s Egitim Bilisim Ag1 (EBA) to help close
educational gaps in rural areas (OECD, 2023).

3. Adaptive Governance: Flexible GovTech solutions
(like India’s Aadhaar) that can adapt to local institutional
capabilities.

In Brazil’s northeast region, a pilot program launched in
2023 that combined LTE infrastructure expansion with
mobile literacy training boosted EGI scores by 0.12 points
in just 18 months (World Bank, 2024).

Figure 7. Actual vs Predicted E-Government Index

Diagnostics: The Ljung-Box test (p = 0.80) confirms no
residual autocorrelation, though the Jarque-Bera test (p =
0.01) indicates non-normal residuals, suggesting potential
for model refinement.

These findings align with qualitative insights, affirming
digital transformation’s benefits while highlighting
persistent disparities.

Directed edges illustrate causal relationships, with effect
sizes and significance levels drawn from real-world
evidence. You can find a summary of these relationships in
Table 2.
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Table 2. Causal Relationships in the Network Diagram
Effect

From Node To Node Size Significance Evidence Source
Infrastructure Investment  Service Integration +0.43 **%* (p<0.01) UNPAN (2025)
Digital Literacy Citizen Trust +0.38 ** (p<0.05) OECD (2023)
Political Stability Infrastructure Investment +0.25 *(p<0.10) World Bank (2022)
Service Integration EGDI Score +0.61 *4% (p<0.01) This study (ARIMA(1,1,1) model, 2024)
Bureaucratic Resistance Data Governance -0.34 ** (p<0.05) Sampaio et al. (2018)
Citizen Trust Citizen Satisfaction +0.47 *** (p<0.01) Goldfinch et al. (2023)

Note: Effect sizes are represented as standardized coefficients, and the significance levels are as follows: *p<0.10,**p<0.05,***p<0.01.

The pathway from Digital Literacy to Citizen Trust and
then to Citizen Satisfaction stands out as a key factor,
accounting for 38% of the variance in EGDI scores,
according to the results from structural equation modeling.
This pathway highlights how essential digital skills are

in building trust and boosting public approval of digital
governance.

A feedback loop is shown with a dotted blue line: High

Citizen Satisfaction leads to Increased Political Will, which

in turn results in More Infrastructure Investment. This loop

demonstrates how positive public feedback can reinforce

political commitment, resulting in ongoing investments

in digital infrastructure that further promote GovTech Figure 8. Causal Network of Digital Transformation and
adoption. GovTech

In the realm of digital government transformation,

several key drivers (Blue) come into play. These

include investments in infrastructure—think funding

for telecommunications and digital platforms that boost
connectivity—along with digital literacy, which gauges
how well the population can effectively use digital tools.
Political stability is also crucial, as it requires a steady
governance structure to back up digital reforms. Together,
these factors create a solid foundation for progress. The
critical enablers (Yellow) that help make this happen.
Service integration is essential for providing seamless and
user-friendly public services, while strong data governance

Figure 8 shows how putting money into infrastructure and
GovTech (the inputs) can drive policy changes and create
platforms that focus on citizens (the processes), ultimately
leading to noticeable improvements in how the public
sector performs (the outcomes). Take Estonia’s X-Road, for
example; it allows for secure data sharing (input), which
helps create services that work well together (process)
and boosts both service delivery and public trust (Kalvet,
2012). In a similar vein, the UK’s GOV.UK portal brings
together various services (process) to make them more
accessible and transparent (Bates, 2012).
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policies are necessary to ensure security, privacy, and
interoperability. Building citizen trust in digital systems is
also a vital part of the equation. When all these elements
come together successfully, they lead to positive outcomes
(Green). This includes a better E-Government Development
Index (EGDI) score—a composite measure that looks at
online services, infrastructure, and human capital—along
with increased citizen satisfaction with digital services

and cost savings through improved operational efficiency.
However, there are some barriers (Red) that can get in the
way. Bureaucratic resistance to change and cybersecurity
gaps that expose vulnerabilities can slow down reforms and
shake public confidence in digital governance.

CONCLUSION AND DISCUSSION

This study highlights how digital transformation and
GovTech are making a real difference in public sector
performance by boosting efficiency, transparency, and
citizen engagement. Using the ARIMA(1,1,1) forecast,
which analyzes e-Government Index (EGI) data from 155
countries between 2008 and 2024, can expect a steady

rise in global EGI values, climbing from 0.662 in 2025 to
0.673 in 2029. This trend reflects the increasing embrace of
technologies like Al, big data, and blockchain.

In figure 8 shows a causal network that connects the inputs,
processes, and outcomes of digital transformation. The
inputs consist of a strong telecommunications infrastructure
and various GovTech tools, such as Al chatbots and

Table 3. Policy Recommendations Matrix

Policy Area Problem (Based on Findings)

GovTech Link

blockchain platforms. The processes include implementing
policies, collaborating with stakeholders, and engaging
citizens through e-participation platforms. The outcomes
are impressive, showcasing enhanced efficiency, like a
30% reduction in response times thanks to Al chatbots
(OECD, 2021), greater transparency, as seen in Georgia’s
blockchain land registry (World Bank, 2022), and
improved participatory governance, exemplified by Brazil’s
e-Democracia (Sampaio et al., 2018).

The ARIMA findings support this causal network,
indicating that countries with solid inputs tend to achieve
better outcomes, while those lacking robust infrastructure
continue to struggle. The digital divide is particularly
evident in the stagnant EGI trajectories of developing
nations, highlighting the urgent need for targeted
investments in both infrastructure and human capital to
strengthen these crucial pathways.

RECOMMENDATIONS

Every recommendation is based on insights from the EGI
dataset and ARIMA forecasting analysis, specifically
highlighting the causal links between the barriers to digital
transformation and the strategic responses that follow.
Table 3 presents a framework that connects policy needs
with the key aspects of GovTech implementation, offering
practical guidance for countries at various levels of digital
maturity.

Recommendation

There's a significant gap in
telecommunications infrastructure in
low-income countries

Digital
Infrastructure

This gap hinders online services and
interoperability

Invest in affordable broadband
access and set up regional data
centers

Human Capital adoption and limiting participation

Low digital literacy is slowing down Digital literacy is essential for
inclusive GovTech

Launch national digital literacy
campaigns and provide training for
civil servants

GovTech can enhance citizen
inclusion through e-platforms

Promote open government
platforms, like e-consultation and
participatory budgeting

Civic EGI indicates low e-participation
Participation scores in transitional economies
Data Fragmented data is making it tough
Governance to integrate platforms

GovTech relies on coherent and
secure data ecosystems

Create national data interoperability
frameworks that include security
standards

Strategic
Leadership

Lack of coordination in digital
programs

GovTech requires a whole-of-
government approach and agile
leadership

Establish Chief Digital Officer
(CDO) roles and create GovTech
innovation units
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Digital Literacy Programs: It's crucial to have nationwide
training initiatives to tackle the digital divide, especially
for underserved rural and low-income communities.

This divide—marked by unequal access to devices,
internet connectivity, and digital skills—continues to

be a significant barrier to achieving inclusive digital
transformation. Turkey’s Education Information Network
(Egitim Bilisim Ag1 — EBA) presents a scalable public
model for digital learning infrastructure that could

be adapted in other countries, particularly those with
centralized education systems and a high number of rural
residents.

Cybersecurity Frameworks: Enhancing cybersecurity is

a vital aspect of digital governance. Countries examined
in this study, like Estonia and Turkey, have made tangible
progress in this area. Estonia’s data architecture features
decentralized blockchain-based security layers, while
Turkey’s National Cybersecurity Strategy includes risk
assessments and data protection measures. However,
projections based on ARIMA suggest that without
additional investments in cybersecurity—especially in
nations experiencing rapid digital adoption—trust and
engagement may plateau. Adopting international standards,
such as the EU’s GDPR, can help strengthen the legal and
ethical framework.

Inclusive Policies: The clustering and time-series analysis
in this study highlight significant gaps in digital access
between urban and rural areas, particularly in countries
like India and Brazil, which are part of the core dataset. If
not addressed through inclusive GovTech policy design,
this digital divide could worsen existing inequalities.
Insights from Estonia’s commitment to digital education
and Singapore’s Smart Nation initiative show that a long-
term vision, paired with balanced regional investments, can
help bridge participation gaps and improve e-Government
Index scores over time. Countries really need to customize
their digital transformation strategies, taking into account
not just their income levels but also the differences in
geography and infrastructure.

These recommendations aim to bridge the gap between
high-performing nations and those struggling with resource
constraints, fostering sustainable and inclusive digital
governance.

FUTURE STUDIES

The literature is still fragmented; empirical studies are
often limited to the national level, and comparative and
multi-actor analyses are needed (Liva et al. (2020). Studies
on Al, algorithmic governance and ethics are insufficient.
“Al-first governance” needs to be theorized (Balaji, 2025).

Emerging trends—such as Al integration, blockchain
expansion, and open data initiatives—signal GovTech’s
evolving role (OECD, 2023). Policymakers must prioritize
digital inclusion, robust security frameworks, and change
management to maximize benefits. For Turkey, addressing
regional disparities and scaling smart city initiatives could
amplify impact (World Bank, 2022).

This study offers some solid insights, but there are still
plenty of research paths to explore:

Bringing in External Factors: The models don’t take into
account outside influences like political stability, public
investment in Al, or changes in cybersecurity policies. By
incorporating these elements into extended time-series
models (like ARIMAX) could enhance understanding

of causality and make findings more relevant for
policymakers.

Blending Methods with Qualitative Case Studies: It’s
important to pair quantitative findings with qualitative
insights, such as surveys on citizen satisfaction, evaluations
of administrative capacity, or analyses of leadership. This is
particularly vital for grasping situations where EGDI scores
are high, yet the actual delivery of digital services falls
short.

Sensitivity to Disruptions Post-2024: Future studies should
look into simulations that involve external shocks, like
data breaches, incidents of algorithmic bias, or significant
governance reforms. This would help us evaluate how
resilient digital systems and GovTech strategies are over
time.

Exploring these avenues would not only tackle the
limitations of this study but also enhance the theoretical
and practical frameworks that will guide the next stage of
global digital transformation.
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