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Abstract

The current research examines the issue of social inclusivity in the context of digitalization
of smart city governance and explores ways to overcome the digital divide, which impedes
equal access to online services for vulnerable population groups (elderly people, people
with disabilities, low-income individuals, and residents of remote areas). Based on a lit-
erature review, the study outlines three generations of the digital divide: access, digital
skills, and the ability to derive socio-economic benefits. A methodology is proposed that
combines cluster analysis of 27 European cities using 11 integrated indicators, aimed at
identifying typical development profiles while accounting for infrastructure, air quality,
and levels of digital literacy. The results revealed four clusters: “Digital Leaders with Envi-
ronmental Awareness”, “Mid-Level Cities with Development Potential”, “Opportunities
with Environmental Challenges”, and “Advanced Digital Hubs with High Quality of Life”.
The study confirms the hypothesis regarding the effectiveness of a comprehensive approach
that integrates infrastructure investment, educational programs, and inclusive planning.
The article’s conclusions emphasize the need to apply universal design principles, subsidize
internet access, and regularly monitor digital inclusion indices to achieve SDGs 11 and 16.

Keywords: digital divide; social inclusivity; smart city; digital literacy; cluster analysis;
sustainable urban development

1. Introduction
The rapid development of the smart city concept presents significant opportunities for

advancing urban areas and improving citizens’ quality of life through the digitalization of
municipal services, ensuring environmental sustainability, optimizing infrastructure, and
enhancing the management of urban resources. However, alongside technological progress,
the issue of the digital divide, meaning unequal access of different social groups to the
benefits offered by modern digital solutions, is becoming increasingly pressing. Particularly
vulnerable in this context are the elderly, people with disabilities, low-income citizens, and
residents of remote areas, for whom technological innovations may not become a tool for
integration, but an additional barrier.

Social inclusiveness is a defining principle of the ethical and sustainable development
of smart cities. Smart cities should aim to ensure benefits for all residents, regardless of
their origin, abilities, or socio-economic status. The relevance of researching social inclu-
sivity in the digitalized urban space stems from the accelerated pace of digital technology
implementation in all areas of urban life, which has become especially evident during
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the post-pandemic recovery period. The transition to online services, remote work, and
e-learning, which was initially seen as a temporary measure, has become a permanent
feature of modern urban life and has created new challenges for social cohesion.

“Social inclusiveness” is understood as the process of ensuring equal opportunities
for all citizens to participate fully in public life (access to quality education, social rights,
cultural preservation, economic development, and political engagement), regardless of
their socio-economic status, age, health condition, or other factors. Government policies
and programs aimed at promoting social inclusion seek to reduce inequality and foster
the effective participation of all citizens in society [1–3]. In the context of smart cities,
inclusivity is understood as improving the quality of life for all residents, regardless of
their background, abilities, and socio-economic status, by using emerging technologies and
data-driven solutions.

A significant barrier to achieving social inclusiveness in digitalized smart city gover-
nance is the digital divide. The digital divide is viewed as inequality in access to, use of, and
the impact of information and communication technologies among different population
groups [4–7]. More broadly, the digital divide should be considered as a consequence of
the realization of human rights and social justice, including access to key remote services in
a smart city (education, healthcare, transportation, job search, etc.) [8–12]. In smart cities,
the digital divide can manifest as a lack of digital skills among citizens or those living in
areas with insufficient internet connectivity. It is important to emphasize that the digital
divide reflects and exacerbates existing social, economic, and cultural inequalities and may
deepen as smart city innovations are implemented if they are not inclusive.

The aim of this study is to explore social inclusiveness and develop innovative so-
lutions to bridge the digital divide within the context of a smart urban environment.The
research is based on open data and focuses on the following questions:

• What factors most significantly influence the digital divide in modern European cities?
• What measures are most effective in overcoming digital inequality?
• How can the principles of social inclusiveness be integrated into smart city planning?

The research hypothesis is that in European cities with varying levels of digital matu-
rity, effective reduction of the digital divide is achieved through a targeted combination of
investments in digital infrastructure, digital skills development programs, and inclusive
governance practices tailored to the socio-economic profile of each specific city. Isolated
measures (e.g., providing internet access alone) are considered insufficient, and success
depends on the synergy of diverse strategies.

2. Literature Review
The conceptualization of social inclusivity in smart cities is multifaceted, encompassing

not only access to technology but also the ability to use it effectively and to participate in
the digital urban environment. Inclusivity in smart cities is understood as enhancing the
quality of life for all residents—regardless of their background, abilities, or socioeconomic
status—through technology and data-driven solutions. There is growing recognition that
smart cities are increasingly seen as processes of social innovation aimed at achieving
sustainable and urban development.

Inclusivity as a global priority is reflected in the Sustainable Development Goals,
particularly Goal 11, which focuses on creating inclusive, safe, and sustainable urban
environments. Currently, around 1.1 billion people live in slums or similar conditions, and
this number is expected to increase by another two billion over the next three decades.
However, many cities are unprepared for rapid urbanization, which outpaces the devel-
opment of housing infrastructure and services, leading to deteriorating living conditions.
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Uncontrolled urban sprawl, declining air quality, and a shortage of public spaces are also
being observed [13].

The issue of unequal access to public transportation and open urban spaces remains
critical in addressing the problem of digital inclusion, particularly in the context of the
broader urban divide. In many low- and middle-income countries, limited mobility in-
frastructure directly reduces citizens’ ability to access digital services, including education,
healthcare, and e-government platforms. Furthermore, insufficient access to public spaces
(essential for community building and informal digital learning environments) can further
deteriorate the quality of life for vulnerable populations. According to 2020 data from
1365 cities in 187 countries, only 44% of urban residents live within 400 m of public spaces,
with this figure rising to 60–70% in high-income countries. [14].

Studies [15,16] show that the digital divide reflects and amplifies existing social,
economic, and cultural inequalities based on factors such as gender, age, race, income,
and opportunity. There are growing concerns that smart city innovations may deepen the
digital divide if they are not implemented with inclusivity in mind.

The concept of the digital divide has evolved over recent decades, and contemporary
researchers identify three generations in the understanding of this phenomenon. The
first-generation divide, as noted by Ragnedda and Ruiu (2020), focuses on inequalities in
physical access to digital technologies and the internet [17]. This is the most visible form
of digital inequality, often measured by internet connectivity, availability of devices, and
infrastructure quality.

The second-generation digital divide concerns differences in digital skills and compe-
tencies. In Jan van Dijk’s study (2020), the concept is expanded by identifying operational,
informational, communicational, and strategic skills that determine how effectively indi-
viduals engage with digital technologies [18]. This level of divide can remain significant
even after access barriers have been addressed.

The third-generation digital divide, which has received increasing attention in recent
years, goes beyond access and skills and focuses on the ability to derive tangible socio-
economic benefits from the use of technology. Scholars emphasize that this aspect has the
most profound implications for social inequality, as it relates to opportunities for improving
quality of life through digital means [19–21].

Smart cities’ focus on maximizing profit through data accumulation may lead to the
exclusion of citizens with lower levels of digital literacy. Ineffective policies in techno-
logical urban governance may limit large segments of the population from accessing the
benefits of digital technologies. Technological barriers, such as the absence of accessibility
standards in procurement and integration processes, present serious challenges. Moreover,
concerns about data privacy, security, and potential misuse may disproportionately affect
vulnerable populations.

Research on social inclusivity in the context of smart cities has gained particular
relevance in recent years [22,23]. In many countries, smart cities are being developed to
ensure equal access to essential urban services such as education, healthcare, sanitation,
drinking water, and mobility. Local governments expect that the use of various smart ICTs
can significantly improve operational and managerial efficiency, citizen participation in
co-producing services, and quality of life [24,25].

In practice, however, smart governance is often characterized by a supply-driven,
technocratic approach to city management. According to some authors, such technocratic
“smart” governance obscures urban challenges, conflicts, and contradictions that cannot be
adequately represented through digital tools and data analytics [26,27]. Meijer and Bolívar
(2016) argue that smart governance should enable new forms of human collaboration
through the use of ICTs to achieve better outcomes and more transparent governance
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processes [28]. Researchers suggest that greater emphasis should be placed on social
inclusion, social capital, and sustainable development.

Smart urban governance represents a sociotechnical approach to city management in
the smart era, beginning with core urban problems, promoting demand-driven governance
models, and shaping technological intelligence in a more socially responsive manner
by taking local context into account [29–31]. A similar approach, which views smart
technologies as working in tandem with other urban interventions such as changes in social,
economic, and environmental policy, participatory planning, and community development,
is outlined in Kitchin (2021) and Sharma et al. (2023) [32,33].

Despite attempts to reframe the smart city as “citizen-oriented”, smart urbanism
remains rooted in pragmatic, instrumental, and paternalistic discourses and practices,
rather than in those of social rights, political citizenship, and the common good [34].

Social origin and cultural practices shape the foundation of how digital technologies
are perceived. The concept of social capital emphasizes that networks of trust, social norms,
and interpersonal connections influence citizens’ willingness to engage with digital initia-
tives. The importance of digital capital is highlighted, as it determines the extent to which
specific groups possess the experience and confidence necessary to master ICT [35]. When
analyzing the digital divide, it is appropriate to take into account cultural differences, biases
toward technology, and the specifics of local learning practices, particularly mentoring
models that have proven effective for vulnerable groups [36,37].

The quality of public institutions, transparency, and trust in government are key de-
terminants of the success of e-governance and other digital initiatives. Building a reliable
digital ecosystem requires not only technical infrastructure but also a high level of citizen
trust in public services, guaranteed data security, and the inclusion of citizens in service de-
sign processes. At the same time, in many EU countries, shortcomings in transparency and
weak institutional oversight may undermine the effectiveness of large-scale investments in
digital networks, especially when citizens lack confidence in the security and legitimacy
of the processes involved [38]. Therefore, quantitative analysis of digital inclusion should
be complemented by governance quality indices, trust indicators, and measures of citizen
engagement in collaborative processes in order to identify mechanisms of political support
or barriers to the implementation of digital initiatives.

Economic inequality and the level of material resources influence both access to
devices and internet connectivity, as well as the ability to invest time in developing digital
skills. The capability-based approach demonstrates that access to digital resources should
be viewed as a component of individuals’ “empowerment,” where material goods are
necessary but not sufficient; taking into account differences in the ability to realize potential
helps explain why, even with technical access, some groups do not use it effectively [39,40].
Models of digital inequality should include indicators of economic instability, as well as
indices of connection costs and the cost of devices, in order to adjust the outcomes of such
models. This will allow for a more accurate diagnosis of the economic conditions that
restrict citizens in the digital sphere and help identify where targeted support programs
should be directed.

The concept of inclusivity plays a central role in the structure of the Sustainable
Development Goals (SDGs), adopted by the United Nations [41,42]. This is clearly reflected
in the wording of several key SDGs: Goal 8 calls for “inclusive and sustainable economic
growth”, Goal 11 aims to make “cities and human settlements inclusive, safe, resilient
and sustainable”, while Goal 16 aspires to “promote peaceful and inclusive societies as a
foundation for sustainable development”.

An inclusive smart city should genuinely support all its residents with disabilities, not
only those with physical impairments. This involves not only the development of assistive
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technologies but also policy changes and societal shifts toward inclusivity. Smart city
planning must incorporate principles of universal design to create spaces, buildings, and
services accessible to everyone [43,44]. The research suggests rethinking the very essence
of the smart city by placing human needs—not technological capabilities—at its core.

Various methodologies for assessing digital accessibility in urban environments have
produced several conceptual models. According to studies [45], digital inclusion assessment
encompasses four fundamental aspects: access, skills development, usage characteristics,
and enabling environments. The first component entails universal access to fixed and
mobile internet networks as well as telecommunication services. The second focuses on
digital competencies that allow individuals to maximize the benefits of technology and
minimize the potential risks of digital interaction. Usage patterns represent the third
critical element of digital inclusion. While the presence of technological infrastructure
and its active application are undoubtedly important, without a conducive environment
for safe and effective ICT use, marginalized groups will remain excluded from the digital
space. It is the enabling environment that constitutes the fourth dimension, which requires
systematic measurement to form a comprehensive understanding of the situation in a given
region [46].

An alternative approach proposed by Thomas et al. (2021) views digital inclusion
through the lens of three parameters: availability, affordability, and digital ability [47]. In
contrast, the study by Jia et al. (2024) expands the concept to five dimensions: Access,
Skills, Use, Adoption, and Impact [48]. Access remains the priority dimension across all
digital inclusion indexes. Skills and Use are often underestimated due to methodological
limitations in measurement tools. The dimensions that receive the least attention in both
academic research and practical assessments are Adoption and Impact.

Conducting maturity assessments requires specific tools, mostly represented by matu-
rity models [49]. The study by Aragão et al. (2023) implements the multi-criteria TOPSIS
method (“Technique for Order of Preference by Similarity to Ideal Solution”), structured as
a mathematical tool for measuring “smartness” in the Smart City Maturity Model across
healthcare, environment, sustainability, technology, and urban planning domains [50].
The authors adapted TOPSIS to create a synthetic indicator called the smart index, which
determines a specific city’s maturity level [48]. In Topuz et al. (2022), a digital maturity
model based on the Best-Worst Method is proposed for municipalities to assess urban
“smartness” and adapt their development in line with the smart city concept [51].

Digital Government Maturity Models (DGMMs) are generally designed as stage-based
or measurable frameworks. At the same time, there is a growing need to develop inclusive
DGMMs that align digital transformation strategies with the actual needs of citizens [52].

An important criterion of a “smart city” is the ability to report urban maintenance
issues online, including platforms that allow for real-time complaint analysis and the
automation of tasks within municipal services [53]. The availability of free public Wi-Fi in
communal spaces is considered a condition for digital inclusion and is positively correlated
with increased citizen engagement in online services. At the same time, monitoring the
speed and reliability of internet connectivity is crucial: standardized indicators facilitate
the comparison of cities and help assess whether the infrastructure meets the minimum
requirements for stable e-services [54]. Mobile access to real-time traffic congestion infor-
mation through official applications or integration with navigation services is becoming a
key criterion for responsive traffic management and environmental monitoring [55]. Online
services for business registration streamline administrative procedures, stimulate economic
activity, and reduce the time required to start entrepreneurial operations [56].

Urban ecosystem indicators and air quality criteria are based on a network of urban
sensors and open data, which are integrated with mobile applications. Inclusive develop-
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ment and good governance help mitigate the negative impact of poor air quality [57]. Thus,
the theoretical framework emphasizes that the set of criteria must encompass both digital
services (such as online notifications, e-services for transportation and business) and infras-
tructural and environmental indicators (e.g., Wi-Fi availability, internet speed, transport
systems, ecosystem data), all integrated within a comprehensive “smart city” model.

The literature offers various strategies and policies aimed at bridging the digital divide
and fostering social inclusivity in smart cities. An analysis of international experiences
reveals a diversity of approaches to addressing the digital divide. If the digital divide is
understood as a multidimensional concept encompassing disparities in access, use, and
effective utilization of online services by citizens, then public policy must take into account
the different factors contributing to exclusion and inequality [58].

The European Commission has introduced a comprehensive set of strategic directions,
initiatives, and policy programs designed to accelerate digital transformation. The concept
of the “European Digital Decade: digital targets for 2030” reflects the Commission’s strategic
vision for Europe’s digital evolution over the current decade, which is elaborated in a series
of official publications issued between 2021 and 2023 [59]. To implement this vision, the EC
developed the “Digital Compass 2030” for the digitalization of the EU, encompassing four
key areas of impact: digital skills, digital infrastructure, digital transformation of businesses,
and digital public services. In the first area, which is directly linked to overcoming the
second and third levels of the digital divide, the EU has set an ambitious goal: by 2030, 80%
of the population should possess at least basic digital skills [60].

The New European Bauhaus (NEB) initiative, launched by the European Commission
in 2020, merges inclusivity with digital transformation, ecology, and aesthetics [61]. The
goal of the New European Bauhaus is to promote aesthetics, sustainable development,
and inclusivity within the policies of digital cities and beyond the built environment [61].
In accordance with the pioneering ideas and interdisciplinary initiatives of the original
Bauhaus, the creation of a sustainable, inclusive, and beautiful living environment is
achieved through the integration of design, culture, art, science, and technology. To realize
a sustainable and inclusive future within the NEB framework, investments and financial
flows must be redirected toward tangible projects and activities capable of supporting
societal transformation and delivering positive change [61].

A fundamental tool for evaluating digital transformation in the EU is the Digital
Economy and Society Index (DESI). The DESI indicator “Digital public services for citizens”
measures “the extent to which online services or information about services are accessible
to citizens through government portals”. The indicator “e-Government users” reflects “the
share of individuals who used the internet to interact with public authorities over the past
12 months” [62].

Despite a significant body of research dedicated to the digital divide in smart cities,
several critical gaps can be identified. First, most studies focus on individual aspects
of the issue (technological, social, or educational), while a comprehensive approach is
insufficiently represented. The study by Raihan et al. (2025) emphasizes that the interaction
of various factors creates the most complex barriers to digital inclusivity [63].

Furthermore, there is a lack of interdisciplinary research that integrates methodologi-
cal approaches from sociology, urban studies, computer science, and other fields. Studies
underscore the need to combine different perspectives to better understand the multidi-
mensional nature of the digital divide [64].

In light of the identified gaps, our research aims to develop a comprehensive, interdis-
ciplinary approach to ensuring social inclusivity in a digitalized urban environment, taking
into account local context and focusing on the long-term effects of proposed strategies.
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3. Research Methodology
The research methodology is based on a mixed approach, combining quantitative

data analysis with theoretical synthesis of literature sources. The study is grounded in
the principles of interdisciplinarity, integrating approaches from sociology, urban studies,
and information technologies to gain a comprehensive understanding of the issue. The
main focus was on identifying key factors contributing to the digital divide, assessing
the effectiveness of strategies for overcoming it, and developing recommendations for
integrating principles of inclusivity into smart city planning.

The analysis used open data collected from official sources, including the Inclusive
Internet Index [65], OECD data (2018) on inequality in metropolitan regions, EU statistics
on the digital economy and society [66], and indicators from the IMD Smart City Index [67].
Additional data on transport, urban ecosystems, and air quality were drawn from relevant
indices [68,69].

To identify typical urban development profiles, a clustering of 27 European cities
was conducted. Cities were selected based on criteria of geographic diversity, level of
economic development, and degree of digital infrastructure. The modern development of
smart cities is inseparable from both digital and environmental dimensions. The inclusion
of environmental indicators in the clustering reflects an expanded understanding of the
enabling environment for digital inclusion, as evidenced by the models of the Smart
City Maturity Index. The clustering utilized 11 composite indicators reflecting various
aspects of the smart urban environment, including: online reporting of city maintenance
problems, availability of free public Wi-Fi, ability to book medical appointments online,
online scheduling and ticketing for public transport, mobile access to traffic congestion
information, online services for business registration, internet speed and reliability, online
public access to city finances, and indicators on transportation, urban ecosystem, and air
quality. Aggregated data for the period 2023–2025 available in open-access sources were
used in the study [67,69].

These indicators were correlated with the three generations of the digital divide: the
first generation (access)—internet infrastructure and connection speed; the second genera-
tion (skills)—online services and digital literacy; and the third generation (benefits)—access
to economic, social, and environmental advantages.

To identify typical urban development profiles, the K-means algorithm was applied
with a predefined number of clusters (k = 4). The approach was based on data standardiza-
tion to eliminate scale effects, hierarchical cluster analysis to justify the optimal number of
clusters, and validation criteria. To assess the robustness of the findings with respect to the
time frame, a sensitivity analysis was conducted based on separate calculations for each
individual year.

The methodology is grounded in the concept of the three generations of the digital
divide [17] and the digital inclusion model, which considers four dimensions: access,
skills, usage, and enabling environment [45]. This allowed for the classification of cities
by their level of digital inclusion, systematic assessment of barriers for vulnerable groups
(the elderly, people with disabilities, low-income populations), and the development of
comprehensive solutions.

Thus, the methodology enabled a comprehensive understanding of the mechanisms
behind the digital divide and provided tools for shaping a more equitable and inclusive
smart city.

4. Results
The digital divide in modern cities is shaped by the interplay of several key factors,

which can be classified into three generations of the digital divide, as outlined in the
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literature review: access, skills, and the ability to benefit. Global indices such as the
Inclusive Internet Index [53] break these aspects down into four categories: availability,
affordability, relevance, and readiness. Availability encompasses the quality and breadth
of infrastructure, including internet speed and usage levels, which are critical for the first-
generation divide. Affordability assesses the cost of access relative to income, which also
affects physical access, especially for low-income groups.

In 2022, a comprehensive analysis of the Inclusive Internet Index (3i) was conducted,
measuring countries’ potential to leverage the global network for both individual and
collective development. Despite significant progress in making the internet more inclusive
across all studied countries, “digital inequality” remains a pressing issue, although its
nature has evolved. While limited network coverage previously posed the main barrier
to internet access in low- and lower-middle-income countries, since 2017, there has been
substantial expansion in coverage. However, the growth rate of internet users lags behind
the pace of network infrastructure expansion, leading to a gap in actual network usage [65].
Figure 1 presents the Inclusive Internet Index for the EU countries in which the cities used
in this study are located.

 

Figure 1. The Inclusive Internet Index for EU countries [65].

Urban centers offer substantial opportunities for the development of technology, edu-
cation, employment, and social engagement. However, their expansion is accompanied
by serious challenges: a shortage of affordable housing, transportation gridlock, and pro-
nounced social inequality, which becomes especially acute in megacities. The inability to
ensure inclusive economic growth undermines social cohesion, fuels conflict, and erodes
public trust in democratic institutions. Although major agglomerations typically demon-
strate higher development indicators compared to other regions, they are often marked
by the most severe social disparities. In three-quarters of the 24 OECD countries, capital
regions exhibit higher levels of inequality than national averages. Urban inequality is mul-
tifaceted and extends beyond income differences. Residents of deprived neighborhoods
typically face limited access to quality housing, employment opportunities, and public
services. According to the Gini index, capital regions exceed the national average in 18 out
of the 24 OECD countries studied [70] (Figure 2).
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Figure 2. Comparison of social inequality in metropolitan regions with the country [70].

The European Manifesto on Digital Freedoms and Principles of the Digital Era [71]
proclaimed “digitalization that will not exclude any social group. It should serve everyone,
ensuring gender equality and inclusiveness, including elderly citizens, rural populations,
people with disabilities, and marginalized groups...”. As of 2024, Denmark, Luxembourg,
the Netherlands, Ireland, Sweden, Belgium, Malta, and Germany demonstrated almost
identical levels of internet coverage in both rural and urban areas. The most significant gap
between urban and rural internet access was observed in Greece and Bulgaria, where the
difference reached 15 percentage points (p.p.) in 2024 [66] (Figure 3).
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Figure 3. Statistics of the digital economy and society, households, and individuals [66].

The level of digital skills corresponding to the second-generation divide is reflected
in the category of readiness, which includes skills, cultural acceptability, and supportive
policies. For example, data from the IMD Smart City Index [67] show that cities with low
levels of digital literacy among elderly people often have a higher digital divide, even if
the infrastructure is available. The relevance of content, related to the third-generation
divide, is an important factor, especially for migrants and people who speak non-dominant
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native languages. The IMD Smart City Index offers a balanced focus on the economic and
technological aspects of smart cities on one hand, and the ‘human dimensions’ of smart
cities (quality of life, environment, and inclusivity) on the other.

In this study, a clustering of 27 European cities was carried out according to 11 integral
indicators of sustainable urban development. The aim of the analysis was to identify typical
urban development profiles reflecting the advantages and challenges of specific urban
systems. The data were standardized and processed using the K-means algorithm with a
predetermined number of clusters (k = 4), justified by the dendrogram of hierarchical cluster
analysis. Feature standardization was used prior to clustering (Zero mean, unit variance)
to avoid the influence of measurement scales (Figure 4). The sensitivity-based assessment
of temporal robustness showed that the main conclusions remained statistically significant
across all annual subsamples. To determine the weights of the 11 selected indicators, one of
the most widely used approaches was applied—the entropy-based weighting method. The
results of the entropy analysis revealed a relatively uniform distribution of weights, which
justifies the use of average weights across indicators with a high degree of confidence. The
inclusion of the entropy method in the sensitivity analysis confirmed the robustness of the
main results to the choice of weighting technique, which further reinforces the rationality
of the selected approach.

Figure 4. Dendrogram of hierarchical cluster analysis.

Cluster analysis allowed for the identification of four groups of cities with similar char-
acteristics regarding the implementation of online services, development of transportation
infrastructure, state of the urban ecosystem, and air quality (Table 1). Cluster 0 represents
cities with a high level of development in various digital services and environmental aware-
ness. Cluster 1 shows cities with an average level of digital service development and some
issues with online access to finance and air quality. Cluster 2 stands out with high scores in
certain online services but has significant shortcomings in internet connection quality and
air quality. Cluster 3 combines cities with the most developed digital infrastructure and a
high quality of life based on the considered indicators.
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Table 1. General Characteristics of Clusters.

Cluster Example Cities Description (Average Values)

Cluster 0: “Digital Leaders
with Environmental
Awareness”

Amsterdam, Barcelona,
Brussels, Copenhagen,
Gothenburg, Helsinki,
Madrid, Oslo, Paris,
Stockholm, Vienna

Online reporting on urban service issues: 47.59
Free public Wi-Fi: 54.20
Online booking for medical appointments: 63.52
Online schedules and ticket sales for public transport:
67.10
Traffic congestion information via mobile phones: 54.68
Online services for starting a new business: 50.55
Satisfaction with internet speed and reliability: 68.68
Online access to municipal finances: 39.75
Transport: 99.75
Urban ecosystem: 81.76
Air quality: 76.36

Cluster 1: “Medium-Level
Cities with Development
Potential”

Berlin, Bratislava,
Bucharest, Budapest,
Dublin, Hamburg, Lisbon,
Marseille, Zagreb

Online reporting on urban service issues: 43.39
Free public Wi-Fi: 54.88
Online booking for medical appointments: 57.83
Online schedules and ticket sales for public transport:
64.99
Traffic congestion information via mobile phones: 50.05
Online services for starting a new business: 47.71
Satisfaction with internet speed and reliability: 65.86
Online access to municipal finances: 34.88
Transport: 98.34
Urban ecosystem: 85.18
Air quality: 70.55

Cluster 2: “Contrasting
Digital Opportunities with
Environmental
Challenges”

Athens, Bologna, Milan

Online reporting on urban service issues: 49.57
Free public Wi-Fi: 46.23
Online booking for medical appointments: 67.90
Online schedules and ticket sales for public transport:
64.83
Traffic congestion information via mobile phones: 50.73
Online services for starting a new business: 47.03
Satisfaction with internet speed and reliability: 54.93
Online access to municipal finances: 35.80
Transport: 99.53
Urban ecosystem: 82.91
Air quality: 54.28

Cluster 3: “Advanced
Digital Hubs with High
Quality of Life”

London, Tallinn, Vilnius,
Warsaw

Online reporting on urban service issues: 51.85
Free public Wi-Fi: 61.30
Online booking for medical appointments: 69.38
Online schedules and ticket sales for public transport:
73.35
Traffic congestion information via mobile phones: 51.50
Online services for starting a new business: 58.43
Satisfaction with internet speed and reliability: 71.68
Online access to municipal finances: 40.98
Transport: 98.79
Urban ecosystem: 83.07
Air quality: 77.47

According to the results, Cluster 0 reflects a high level of online service implementation
and relatively good environmental indicators. The cities in this cluster demonstrate quite
high levels of online service implementation, especially in the areas of public transport
and medical services. They also have a high level of satisfaction with internet connectivity
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and a very well-developed transport infrastructure. The indicators of the urban ecosystem
and air quality are also relatively high. It can be said that this is a group of cities with a
well-developed digital infrastructure and ecological awareness. However, online access to
city finances here is somewhat lower compared to other aspects.

Cluster 1 demonstrates average performance across multiple aspects, indicating po-
tential for improvement, particularly in online financial access and air quality. The cities in
this cluster have average indicators for the implementation of online services, somewhat
lower than Cluster 0, especially regarding online appointment scheduling for medical visits
and services for businesses. They also demonstrate a high level of development in the
transportation system and relatively good indicators for the urban ecosystem. However,
online access to city finances here is the lowest among all clusters. Air quality is also
somewhat lower than in Cluster 0.

Cluster 2 highlights a high level of certain online services but faces serious issues
regarding internet quality and air quality. This cluster shows an interesting combination
of characteristics. They have higher average values for online reporting of urban service
issues and online medical appointment booking. The development of online services for
public transport and businesses is at an average level. It is worth noting the significantly
lower satisfaction with internet speed and reliability, as well as the lowest air quality score
among all clusters. The transport infrastructure is well developed, and the urban ecosystem
is at a relatively high level.

Cluster 3 exhibits the highest level of digital service development and favorable quality
of life indicators. The cities in this cluster demonstrate the highest average indicators for the
implementation of many online services, including free public Wi-Fi, online appointments
for medical consultations, online timetables, and ticket sales for public transportation, as
well as online services for starting a new business. They also have the highest satisfaction
levels with internet speed and reliability, as well as one of the highest air quality indicators.
The development of transport infrastructure is also very high, and the urban ecosystem is at
a good level. Online access to municipal finances is also higher here than in other clusters.
It can be said that this is a group of cities with the most developed digital infrastructure
and a high quality of life based on the examined parameters.

The results of the conducted interviews demonstrate the necessity of overcoming
the digital divide among specific citizen groups (particularly by fostering essential skills
among low-income populations and enhancing inclusiveness) on civic participation web
platforms in Brussels [72]. Another sociological survey reveals considerable skepticism
and dissatisfaction with institutional systems for air quality monitoring in Dublin (46%
of respondents), as well as a significant lack of awareness about such monitoring in Turin
(31% of respondents) [73]. A large-scale survey conducted in 20 cities across 11 European
countries on transport usage highlights differences stemming from each city’s economic
profile, residents’ need for flexibility, and the growing availability and use of online health-
care and public services [74]. These cases illustrate that interviews with representatives of
different subgroups provide valuable explanations for varied responses to the implementa-
tion of online services, transport innovations, and environmental measures, and they partly
complement the findings revealed through regression analysis.

As an example, we consider Tallinn and Vilnius (cluster 3), justified by their high
levels of digital services and active adult learning policies. Additionally, Athens (cluster 2)
is included for comparison, demonstrating adequate infrastructure but significant gaps in
digital skills among the adult population, especially in older age groups, which limits the
effective use of these opportunities. The comparative analysis uses indicators defined in
the methodology (Figure 5), as well as studies on practices of digital inclusion for elderly
citizens [36–38] (UNECE, 2020; UNECE, 2021; FRA, 2023). The indicator of basic digital
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skills among the 65–74 age group is distributed as follows according to the countries where
the cities are located: Estonia—22.67%, Lithuania—15.15%, and Greece—12.84%, while
the level of above-basic digital skills is 5.87% in Estonia, 3.69% in Lithuania, and 2.04% in
Greece [75].

0.0
10.0
20.0
30.0
40.0
50.0
60.0
70.0
80.0

Online reporting of city
maintenance problems

provides a speedy
solution

Free public wifi has
improved access to city

services

Arranging medical
appointments online
has improved access

Online scheduling and
ticket sales has made
public transport easier

to use

The city provides
information on traffic
congestion through

mobile phones

Online services
provided by the city has
made it easier to start a

new business

The current internet
speed and reliability

meet connectivity needs

Online public access to
city finances has

reduced corruption

Athens Tallinn Vilnius

Figure 5. Comparison of indicators reflecting different aspects of the smart urban environment of
Athens, Tallinn, and Vilnius.

Tallinn and Vilnius actively integrate infrastructure investments with educational
initiatives. In Tallinn, within the framework of e-service policies, not only is extensive high-
speed internet coverage ensured, but also a digital literacy training program is provided
through municipal libraries, offering broad support to citizens. Vilnius implements regular
training sessions on basic digital skills and online security, targeting elderly populations,
in partnership with universities and civil society organizations. This approach facilitates
technology adoption and enhances trust in online services. Both cities are characterized
by a high level of citizen engagement in collaborative work on platforms and feature
real-time feedback mechanisms, enabling the adjustment of programs to meet specific user
needs [76].

In Athens, investments in network infrastructure and digital services exist; however,
the low level of digital skills among elderly and less motivated learning groups leads to an
underutilization of this potential. According to DESI, only a portion of the adult population
regularly uses e-services due to a lack of basic security skills and orientation in the online
environment. Specialized educational initiatives targeting older adults and people with
disabilities (such as the Digital Disability Card) are beginning to reduce the gap in adapting
to and safely using these services [76] (European Commission, 2023). This demonstrates
that infrastructure projects must be combined with targeted educational programs: without
a comprehensive approach, the effectiveness of investments remains limited.
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The dynamics of the Smart City Index over the 2023–2025 period show the following
trends. Vilnius rose from 65th to 34th position, Tallinn improved from 32nd to 22nd
place, while Athens dropped from 113th to 129th [67]. An analysis of the results of urban
digital space development policies in Vilnius and Tallinn reveals significant progress in
the following indicators over the period in question: online reporting of city maintenance
issues, availability of free public Wi-Fi, the option to book medical appointments online,
digital planning and ticketing for public transport, mobile access to traffic congestion
information, online business registration services, internet speed and reliability, and public
access to municipal financial data. In contrast, in Athens, the passive implementation of
political decisions resulted in a significantly slower development across these domains.

Comparative analysis shows that successful digital inclusion integrates infrastructure
with tailored educational initiatives, particularly for older age groups (e.g., Tallinn, Vilnius).
Athens can enhance the efficiency of IT service usage by implementing digital mentoring
programs, partnerships with universities, and volunteer initiatives that lower barriers to
entry. Such an approach improves not only individual skills but also general trust in digital
services, thereby increasing social cohesion and the resilience of urban systems.

Research indicates that a comprehensive approach, combining technological solutions,
educational programs, and urban planning, is the most effective for overcoming digital
inequality. Case analyses from high-ranking cities confirm this hypothesis.

The integration of social inclusivity principles into smart city planning requires con-
sidering the needs of all citizens from the outset. The IMD Smart City Index [67] highlights
that the combination of inclusivity and digitalization is a challenge for all cities, necessitat-
ing attention to talent strategies, education, and openness. This includes creating digital
services that are accessible to people with various abilities, such as through multilingual
interfaces and adaptations for individuals with disabilities.

The analysis provided can be used by city authorities to compare their perfor-
mance with other cities, identify strengths and weaknesses, and develop strategies for
further development.

5. Discussion
The digital divide significantly limits the ability of certain social groups to fully

participate in urban life, access necessary services, and benefit from digital transformation.
Insufficient attention to bridging the digital divide could lead to increased social inequality
and the marginalization of vulnerable groups in urban populations.

Research indicates that access to the internet and devices is a priority for the inclusivity
of smart cities. It is likely that digital literacy programs also receive significant support,
particularly for the elderly. Smart cities use technology to improve quality of life, but the
digital divide may exclude vulnerable groups, such as low-income individuals, the elderly,
and people with disabilities. Overcoming this divide is key to inclusivity, but priorities
may vary depending on the region and demographics.

It should be noted that there are limitations in the mentioned study. Data indicators
were collected over different years (2021–2024), which may have caused temporal dis-
crepancies. There is also varying detail in the statistical data, given that some indicators
were not disclosed by certain authorities. Secondary data may contain individual inac-
curacies, considering different methods of data collection. In the final composite index
analysis, average weights were chosen, ensuring simplicity in interpreting aggregated
scores, transparency and reproducibility of results for practical application (especially in
public administration), and reduced risk of bias associated with potential instability of
entropy-based weights when updating the dataset.
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The results of the study on social inclusivity in the digitized urban space are supported
by a range of scientific studies that analyze factors of the digital divide, the effectiveness of
strategies to overcome it, and the importance of integrating inclusivity principles in smart
city planning.

The Digital Future Society (2019) study identifies four key dimensions of digital inclu-
sion (access, skills, usage, supportive environment), which align fully with the methodology
of our research [46]. The authors emphasize that without considering all four dimensions,
the digital divide cannot be effectively addressed, especially among vulnerable population
groups. A similar approach is found in [48], where five dimensions of digital inclusion
(access, skills, usage, adoption, impact) are proposed, complementing our conclusions
about the multidimensional nature of the digital divide. The researchers note that ignoring
adoption and long-term impact of technology may lead to uneven development in cities.

The digital maturity model developed by [51] demonstrates that cities with a high level
of digital inclusion have synergy between technological solutions and social policies. This
supports our hypothesis about the importance of a comprehensive approach to overcoming
the digital divide. Research on inclusive models of digital governance highlights that
digital transformation strategies should meet the needs of citizens, particularly vulnerable
groups [52,77], which aligns with our recommendations for engaging communities in smart
city planning. Principles of universal design proposed by the authors [45] confirm the
need to create accessible urban services for all citizens, including people with disabilities.
This thesis supports our conclusions about the importance of adapting digital services to
different social groups.

At the same time, there are studies that question the generalizability of the findings
or methodological approaches. A systematic review found that different technological
interventions (e.g., ICT and video conferencing) can improve social connections and reduce
loneliness in elderly people. This suggests that certain technological tools may be effective
for achieving specific positive outcomes (improving social connections, reducing loneliness
in the elderly), challenging the assertion of their inherent insufficiency, at least in certain
contexts or for narrowly defined goals [78,79]. This contradicts some of our study’s con-
clusions, where it is stated that partial measures (e.g., merely providing internet access)
are insufficient.

This study presents digital inclusion and overcoming the digital divide as primar-
ily positive goals aimed at ensuring benefits for all residents. However, in Kacar and
De Luca (2024), an opposite viewpoint is proposed [80]. Achieving digital access and
literacy may also expose individuals and society to significant risks and negative conse-
quences (misinformation, social isolation), thus questioning the notion that digital inclusion
strategies inevitably lead to positive societal outcomes without careful consideration of
these drawbacks.

The results confirm that the digital divide is a multidimensional problem that can only
be overcome through the synergy of technological, educational, and planning initiatives.
However, the limitations related to the use of secondary data and generalizing the results
point to the need for further localized research. Thus, while our conclusions align with
most scientific studies, they need to be supplemented with analysis of long-term effects
and consideration of regional specifics.

Overall, the results show that the digital divide in cities is multidimensional and
overcoming it requires comprehensive strategies. Access, skills, and the relevance of content
are key factors, and their significance varies depending on the context. The effectiveness
of strategies such as infrastructure investments and educational programs is supported
by cases from leading cities, but further attention must be paid to long-term effects, as
noted in the literature review. Integrating inclusivity in planning requires a systematic
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approach, including community engagement and regular evaluation, which can ensure
sustainable changes.

The hypothesis of the study, which argued that a comprehensive approach can signifi-
cantly reduce the digital divide, was confirmed by the obtained results. Isolated measures,
such as merely ensuring internet connectivity, were found to be insufficient for achieving
true social inclusivity. Success depends on the synergy of technological, educational, and
planning initiatives that account for the diversity of citizens’ needs and promote their active
participation in the digital urban environment.

Based on the results obtained, potential ways to bridge the digital divide are identified:

- Ensuring accessibility of online public services and integrating inclusivity principles at
all stages of smart city development, involving vulnerable groups in decision-making
and the implementation of digital technologies;

- Implementing programs to subsidize internet access and supporting affordable digital
devices for low-income populations;

- Developing broadband internet infrastructure in all urban areas;
- Technology developers need to create digital services adapted to the needs of different

population groups and special solutions for people with disabilities;
- Educational institutions should develop targeted programs for enhancing digital skills,

aimed at vulnerable categories, to ensure their full participation in the digital society;
- Conducting informational campaigns to raise awareness of the benefits of digital

technologies and foster a positive attitude towards their use.

6. Conclusions
The study dedicated to social inclusivity in the digitized urban space emphasizes that

the digital divide is a complex, multi-dimensional issue arising from the interaction of key
factors such as internet access, digital skills, the relevance of digital content, and citizens’
socio-economic status. These factors particularly affect vulnerable population groups, such
as the elderly, people with disabilities, low-income individuals, and residents of remote
areas, for whom technological innovations can both serve as an opportunity for integration
and an additional barrier.

The study confirmed that the digital divide in smart cities is a multi-dimensional
phenomenon encompassing physical access (first generation), skills (second generation),
and the ability to derive socio-economic benefits from ICT (third generation). A cluster
analysis of 27 European cities identified four typical development profiles (“environmen-
tally conscious leaders”, “medium-level cities”, “contrasting digital environments”, and
“advanced digital centers”), which illustrate that even in cities with developed infrastruc-
ture, significant barriers may still exist for specific social groups, such as the elderly and
low-income populations.

The main hypothesis—the need for an integrated approach combining infrastructure
investments, educational programs, and inclusive planning—has been empirically con-
firmed. Leader cities (cluster 0 and 3) demonstrate the strongest social inclusivity where,
alongside the deployment of broadband internet, targeted programs for eco-monitoring
systems, electric transport, and universal urban design have been implemented. At the
same time, isolated measures, such as just providing physical access to networks, have
proven insufficient for achieving sustainable reduction of inequality.

The research revealed that the digital divide does not exist in isolation—it is closely
linked to socio-economic inequality. High-income cities (e.g., cluster 3) show better inclu-
sivity indicators, while in cities with medium or low development levels (clusters 1 and
2), inequality is exacerbated by insufficient investments in infrastructure and education.
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This underscores the role of government policy in ensuring the equitable distribution of
resources across regions and social groups.

A key conclusion is the need to integrate universal design principles into all stages
of smart urban service development. This involves not only the technical adaptation
of interfaces but also representatives from vulnerable groups in decision-making and
prototype testing. Policymakers must consider contextual differences, as the effectiveness
of educational initiatives or subsidies may vary depending on the social structure and trust
levels of the population.

Therefore, in order to overcome the digital divide and ensure social inclusivity in
smart cities, it is necessary to:

1. Combine the development of digital infrastructure with programs to enhance digital
skills and subsidize access to devices;

2. Implement digital maturity models that take into account four or five dimensions of
inclusion (access, skills, usage, enabling environment, impact);

3. Ensure a multidisciplinary approach in planning by involving sociologists, urban
planners, IT specialists, and community representatives;

4. Establish regular monitoring and comparative analysis of urban cluster indicators to
adjust policies in real time.

Thus, the outcome of the study confirms that only the synergy of technological,
educational, and planning initiatives can ensure equal participation of all citizens in the
digital urban space and achieve sustainable development for SDGs 11 and 16.

In future research, the sample size will be expanded, and the tracking of digital
inclusion indicators will be conducted using panel data models, which will enhance the
reliability and validity of the results. At the same time, it is important to incorporate an
interdisciplinary approach combining both qualitative and quantitative methods to deepen
the study of sociocultural, political, and economic factors of the digital divide and their
interactions. The development of personalized strategies for different types of cities should
be shaped as a comprehensive model for building “smart cities”, which will contribute to
achieving the global sustainable development goals.
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