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Urban digital transformation requires advanced frameworks for urban
sustainability assessment. This study develops a multidimensional model
for evaluating smart cities using integrated indicators across five key
domains: social, economic, environmental, technological, and governance.
Empirical data were gathered through a structured survey of 165 residents
in Almaty and Astana, Kazakhstan. The methodology incorporated data
normalization, comparative statistical analysis, and public perception
evaluation. Results demonstrate strong citizen prioritization of smart
mobility solutions and environmental quality, while revealing significant
gaps in digital infrastructure development. The proposed framework
offers a practical, citizen-centered tool for assessing smart city readiness in
the Kazakhstani context. This approach enables evidence-based urban
planning and supports strategic decision-making for sustainable city
development, addressing both technological and social dimensions of
smart transformation.

Tyiinai cesaep:

TYNIHAEME

AKBLAABI Kaa,
TypaxTbLABIKTEI Oaraaay,
Vnrterpanusiaanran
nHAukaropaap, Kaaaasik
Aamy, KoraMapIK 11iKip,
LIndpasix
MHPPaKYPbLABIM,
Jepexkrepre HerizaeareH
Taaaay, Kasaxcran.

Kazaaapapiy 11udpaslk TpaHcpopMalmACh TYPaKTHIABIKTH KeIeHAl
Oarasayra apHaA¥aH 3aMaHayM 9JiCHaMaJapAbl Taaall etedi. bya seprrey
9/€yMeTTiK, DKOHOMUKAABIK, DKOAOTUAABIK, TEXHOAOTMAABIK >KoHe Oac-
Kapy cadaaapsl OOJIbIHIIA KellleHAl KopceTKilllTepre HeTi3geAreH «aKbLAAbl
Ka/laHbl» OarazayablH KeIleAeMAl MOAeAiH YChIHaAbl. DMIMPUKAABIK
Aepektep AamaThl XKoHe AcTaHa KaJaJapbIHbIH 165 TyprhIHBI apacklHAa
JKYprisiareH cayaaHaMa HOTVDKeAepi KMHaKTaAAbl.

3eprTey ogicHamachl gepeKkTepAi HOpMaday, CaAbBICTHIPMAaabl CTaTHUC-
TUKaABIK Taljay >KoHe KOFaMABIK Mikipai OarasayAbl KaMTbigbl. HoTm-
Xelep aszaMaTTapAblH akKblAgbl KOAIK Kyliedepi MeH SKOAOIMUSABIK,
carara >KOFapbl 0aCBIMABLABIFBIH, COHBIMEH KaTap IMQPPABIK MHPpaKy-
PHALIMHBIH AaMYBIHAQFbl alTapABIKTail OAKBLABIKTapABl aHBIKTaAbl.
Ycpiblaran Mogeab KasakcTaH KOHTEKCTiHAe aKblAAbl KajdadapAablH
AANILIHABIFBIH Oafasay YIIiH TaXipmOeaik, a3amaTTapra OarbITTadraH
Kypaa peTiHge KbI3MeT eTedi. Bya Tocia TypakTel KaaaablK gamy yImiH
AepeKTepre HeTrizgeAreH >KoclapAay MeH CTpaTerMsAAblK —IIeIliM
KaObla4ayAbl KOAAAMARL.

@O

© 2026 T. Salim
This work is licensed under a Creative Commons Attribution 4.0
International License (CC BY 4.0).
https://creativecommons.org/licenses/by/4.0/


https://doi.org/10.51885/3134-8025_JICS_2026_2_10
https://orcid.org/0000-0001-9807-5200

1-Tom, 2-nemip, maycsim, 2026.

EKTU JOURNAL OF
INFORMATION AND

Tom 1, Ne 2, nrons 2026. -141 - COMMUNICATION SCIENCES
Vol.1, Issue 2, June 2026.

Karouessbre caoBa: AHHOTAINISL

Ymusiit ropoa, Onenka Hudposast  Tpancpopmanmss  ropoios  TpeDyeT  COBpeMeHHbIX

YCTOYMBOCTY,
VHTerpnpoBaHHbIe
nHAMKatopsl, ['oposckoe
passuTne, Ob1ecTseHHOE
socrpusTtue, Lindposas
MHPPACTPYKTYpa,
OrreHka Ha OCHOBE
aannbix, Kaszaxcram.

MeTOJ010TMYeCKIX IT0AX0A0B K OIleHKe YCTOIUMBOCTI TOPOACKOI Cpeapl.
JanHHOe mccaejoBaHUe pa3pabaThiBaeT MHOTOMEPHYIO MOJEeAb OILIeHKIU
«YMHOIO TOpoJa» Ha OCHOBe MHTEIPMPOBAHHBIX MHAMKATOPOB IIO ILATHU
KAIOUEBBIM HaIlpaBAEHMAM: COLMAAbHOMY, SKOHOMUYECKOMY, DKOAOIU-
JeCKOMY, TeXHOAOTMYECKOMY I yIIpaBAeHYeCKOMY. DMIupuUJecKue JaH-
Hble OBLAM COOpaHBI IIOCPeACTBOM CTPYKTYPUPOBAaHHOIO oIpoca 165
sxureaernn Aamatel u Acranbl, Kazaxcran. Merogoaorust mccaeaoBaHmst
BKAIOYaJla HOPMaAM3allMIO AAHHBIX, CPaBHUTEABHBIN CTATUCTIYECKMIA

aHa/AM3 U OIIeHKY OOIIeCTBEHHOTO BOCHPUATHUA. Pe3yabTaThl AeMOHCTPU-
PYIOT BBICOKMIT MPUOPUTET Ipa’kAaH B Pa3BUTUM YMHOM MOOMABHOCTH U
DKOAOTMYECKOTO  KayecTBa, OAHOBPEMEHHO BBLIBASS —3HAYUTEAbHBIE
npobeasl B pasButuy nudpoBoit MHPpacTpyKTypsl. IlpeasoskeHHas
MOAeAb CAYXXKUT IPAaKTUIECKUM MHCTPYMEHTOM, OPMeHTMPOBAaHHBIM Ha
rpaxkgaH, AAs OLIEHKM TOTOBHOCTU YMHBIX TOPOJOB B Ka3aXCTaHCKOM
KOHTeKcTe. Takoil Ioaxo4 IOaAep>KMBaeT IPUHATHE OCHOBAaHHBIX Ha
AAQHHBIX PeIleHuil M cTpaTernmdeckoe ITAaHMpPOBaHME AAs OOecriedeHus
YCTOMYMBOTO TOPOACKOTO Pa3BUTH.

INTRODUCTION

The shape of contemporary cities and the tenets of their governance are being altered by
the continuous processes of urbanization and digital development. The evaluation of urban
sustainability has become a strategic priority due to population growth, the development of smart
infrastructure, the expansion of transportation networks, and the requirement for effective
resource management. In order to improve the quality of life for its residents, the idea of a smart
city combines innovation, environmental responsibility, and efficient governance. However, an
integrated assessment technique that incorporates technological, economic, environmental, and
social aspects—including public awareness and participation —is necessary for the development
and management of such cities.

A number of approaches and indices, such the ISO 37122 standards, the IESE Cities Motion
Index, and the IMD Smart City Index, have been established worldwide to assess the performance
of smart cities. Nevertheless, the majority of current frameworks frequently ignore the
psychological and perceptual aspects of urban living in favor of physical and economic measures.
Evaluating the true impact and preparedness of smart cities has become more important in
Kazakhstan, where digitalization initiatives like eGov, Smart Astana, and Open Almaty are being
aggressively implemented. The establishment of a fully integrated and sustainable smart city
ecosystem is hampered by the low level of citizen knowledge and engagement despite notable
technological advancements.

A thorough evaluation framework that incorporates the various facets of sustainability —
social, economic, technological, environmental, and governance-related — is therefore becoming
more and more necessary. The objective of this project is to use empirical data gathered from
Almaty and Astana citizens to design and test an integrated model for smart city assessment. The
study provides a multifaceted approach to evaluating smart city readiness by utilizing techniques
of data normalization, comparison analysis, and public perception assessment. The results are
meant to help urban planners and politicians in Kazakhstan develop sustainable and citizen-
centered smart city policies by supporting evidence-based decision-making.

Applicability of the content: In the digital era, cities are evolving into complex ecosystems that
rely on continuous data exchange between technological infrastructure and human activities. The
applicability of this study lies in its practical relevance for emerging urban environments such as
Almaty and Astana, which are currently implementing smart city initiatives under national
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digital transformation programs. By analyzing the interconnections among social, environmental,
and technological dimensions, the proposed framework provides a foundation for assessing both
infrastructure readiness and citizens’ perceptions of urban sustainability. This multidimensional
evaluation model supports policymakers in identifying priority areas for improvement —such as
public transportation, environmental protection, and digital inclusivity —and contributes to more
efficient urban management practices.

Work relevance. The relevance of this work is rooted in the global shift toward data-driven
and sustainable urban governance. As highlighted by Yigitcanlar et al. (2021), cities that combine
advanced technology with sustainability principles can significantly enhance social equity and
environmental resilience. In Kazakhstan, the development of smart city projects such as Smart
Astana, Open Almaty, and eGov reflects a growing demand for transparent governance and
citizen-oriented digital services. However, the absence of an integrated measurement system
complicates the evaluation of their true effectiveness. This research addresses that gap by
proposing a comprehensive framework that combines measurable indicators and subjective
public feedback. The findings are relevant not only for Kazakhstan but also for other developing
countries facing similar urbanization and digital transformation challenges.

Purpose of the work. The main purpose of this study is to develop a theoretical and practical
framework for assessing urban sustainability based on integrated smart city indicators. The
research aims to analyze existing evaluation models, identify gaps related to social perception
and data integration, and propose a multidimensional assessment system that connects technical
performance with citizen satisfaction. Furthermore, the study seeks to determine how these
combined indicators can guide strategic decision-making for sustainable city development and
digital governance improvement in Kazakhstan.

LITERATURE REVIEW

Urban sustainability and smart city assessment have become key research areas in the post-
pandemic era, driven by rapid digital transformation and environmental challenges. Modern
studies emphasize that smart city development requires a comprehensive evaluation approach
combining technological, environmental, and social indicators (Yigitcanlar et al., 2021).
According to Bibri and Krogstie (2021), sustainability in urban systems can only be achieved
through integrated data-driven management that aligns digital innovation with ecological
balance and citizen well-being. Similarly, Bifulco et al. (2022) underline the importance of
governance and public participation as critical dimensions of sustainable smart city performance.

Recent research by Neirotti and De Marco (2022) argues that cities are increasingly
adopting Al-based systems to manage energy efficiency, transportation, and environmental
monitoring, yet most frameworks overlook human-centered indicators. The integration of
subjective data, such as public perception and user satisfaction, into traditional performance
metrics is therefore becoming a major focus in contemporary research (Kumar & Singh, 2023). As
highlighted by Li et al. (2023), the combination of open data analytics, IoT technologies, and
citizen participation creates a new paradigm for sustainability evaluation, allowing cities to
develop adaptive and evidence-based urban strategies.

MATERIALS AND METHODS

Research Design - Quantitative-descriptive research design

By using a quantitative-descriptive research design, the study aims to provide an objective
and unbiased assessment of urban sustainability dynamics in Kazakhstan without manipulating
any variables. This approach preserves the authenticity of respondents’ perceptions while
enabling a systematic analysis of empirical survey data. Descriptive statistical analysis is used in
conjunction with quantitative methods to find trends in city dwellers' awareness, satisfaction,
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and preparedness for smart city development. Systematic data collection, normalization, and
integration across several sustainability dimensions are made possible by the use of this design.

Research methodology. The methodological framework integrates a comparative evaluation
of smart city metrics with quantitative survey data analysis. A structured online questionnaire
was used to collect data from citizens of major Kazakhstani cities, mainly Almaty and Astana. A
total of 165 valid replies were obtained. To provide a fair assessment across the five sustainability
domains—social, economic, environmental, technological, and governance —the gathered data
were processed using normalization techniques and weighted scoring via the Analytic Hierarchy
Process (AHP). To match local indicators with international standards, a comparative content
study of international frameworks (ISO 37122, IESE, and IMD) was carried out. The suggested
assessment model's validity, reliability, and reproducibility are guaranteed by the combination
of these techniques.

Urban Data Collection and Study Design

The study focuses on assessing the multidimensional sustainability of smart cities in
Kazakhstan through an integrated framework that combines objective indicators and public
perception data. The empirical component of the research was conducted between January and
March 2025 in the cities of Almaty and Astana, which represent Kazakhstan’s two leading digital
transformation hubs. The research design is quantitative and descriptive, structured to capture both
measurable performance indicators and citizens’ subjective evaluation of smart city readiness.

Justification of City Selection and Data Sources. Almaty and Astana were selected as case
studies due to their leading roles in Kazakhstan’s digital transformation and availability of
reliable smart city data. The selection criteria included population size, economic activity, and
digital infrastructure maturity. Comparative information from 102 international cities was used
for benchmarking Kazakhstan’s performance. The data were collected from UN-Habitat (2024),
World Bank Open Data (2023), Eurostat, and the ITU Smart City Index. The questionnaire
included 25 questions grouped into five sustainability domains:

1. Social Dimension — education, digital literacy, inclusiveness, and public engagement;

2. Economic Dimension — employment opportunities, innovation support, and local
entrepreneurship;

3. Environmental Dimension — waste management, air quality, and green infrastructure;

4. Technological Dimension — accessibility of digital services, internet coverage, and data
transparency;

5. Governance Dimension — openness of government, public participation, and
administrative efficiency.

The purpose of this structure was to evaluate how citizens perceive and interact with smart
city systems, and to link their responses to objective sustainability performance indicators
derived from open municipal and national datasets (eGov.kz, Open Data Portal Kazakhstan, and
Smart Astana Dashboard).

Respondent Characteristics

The study sample consisted of 165 respondents from the cities of Almaty and Astana. The
demographic structure of participants was analyzed to ensure the representativeness and
diversity of the dataset.

In terms of age distribution, most respondents were between 26—40 years (41%), followed
by 18-25 years (34%), 41-60 years (19%), and a smaller proportion aged over 60 (6%).

Regarding gender, 58% of respondents were female and 42% male, providing a balanced
perspective across genders.

In terms of educational background, a significant proportion of participants held higher
education degrees (72%), while 28% had secondary education. This reflects a relatively educated
sample, which is relevant given the topic of digital and smart city development.
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With respect to employment status, 64% of respondents were employed, 21% were
students, and 15% belonged to other categories, including retirees and temporarily unemployed
individuals.

Overall, the sample includes individuals of different age groups, professional statuses, and
education levels, allowing for a comprehensive assessment of public perceptions regarding smart
city development.

Such diversity ensures that the findings reflect perspectives from students, working
professionals, and older population groups with varying levels of digital literacy.

Indicator Framework and Analytical Model

To ensure comparability between the cities, the study applies a weighted indicator model
based on the Analytic Hierarchy Process (AHP) (Saaty, 2021). This approach enables a structured
evaluation of smart city sustainability across multiple dimensions by assigning relative
importance to each domain.

The assessment framework includes five key domains: social, economic, environmental,
technological, and governance. Each indicator within these domains was normalized using the
min-max method to ensure comparability on a unified scale ranging from 0 to 1.

The composite Smart City Sustainability Index (SCSI) was calculated as follows:

SCSI = Y o+ x; 1

where: w; — weight of indicator i (derived using AHP);
x; —normalized value of indicator i;
n — total number of indicators.

This formulation ensures that each indicator contributes proportionally to the final
sustainability score based on its relative importance.

Analytic Hierarchy Process (AHP) Implementation

To determine the weights of the five sustainability domains, the Analytic Hierarchy
Process (AHP) was applied following a structured multi-step procedure.

First, a hierarchical model was constructed, consisting of the overall goal (smart city
sustainability assessment), the five evaluation domains, and their respective indicators.

Second, expert evaluation was conducted involving six specialists in urban planning,
digital governance, and information technology. Experts performed pairwise comparisons of the
five domains using the Saaty scale (1-9), reflecting the relative importance of each criterion.

Third, the pairwise comparison matrix was constructed by aggregating expert judgments.
Based on this matrix, normalized weights were calculated using the eigenvector method.

To ensure the reliability of the comparisons, the Consistency Index (CI) and Consistency
Ratio (CR) were computed:

Amax —n

Cl = -1
_al
T RI

The resulting consistency ratio (CR = 0.08) is below the acceptable threshold of 0.1,
confirming that the expert judgments are consistent and reliable.

CR

The final weights derived from AHP were then applied in the calculation of the composite
Smart City Sustainability Index (SCSI).

A comparative analysis between Almaty and Astana was conducted to identify strengths
and gaps across the five domains. Additionally, data visualization techniques were applied using
Python (Matplotlib and Pandas) to generate radar charts, histograms, and correlation heatmaps
illustrating citizens’ priorities and satisfaction levels.
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The integrated indicator framework presented in Table 1 provides a structured basis for
evaluating smart city sustainability. Each indicator reflects a critical aspect of urban performance,
linking objective measures such as digital infrastructure and environmental quality with
subjective public perceptions collected through the survey. This multidimensional approach
allows for identifying both technological strengths and social gaps in urban development. By
combining open data sources with citizen feedback, the framework ensures a comprehensive and
human-centered assessment of smart city sustainability.

Table 1. Sample of Integrated Indicator Framework

Domain Key Indicators (Examples) Data Source / Measurement Method
Digital literacy, access to online .

Social & rasy, . Survey responses, eGov Analytics

education, inclusiveness
. Innovation activity, startup support, . - .
Economic National Statistics Committee, Survey
ICT employment rate
. Air quality index, waste recycling,
Environmental Smart Astana, OpenData.kz
green zone area
. Internet speed, service accessibility, . .

Technological P . Y Questionnaire, Network Reports

cybersecurity awareness
Transparency index, open data usage,
Governance . . . Open Almaty Portal, Survey data
citizen satisfaction
Note — compiled by the author based on personal analysis and interpretation

Table 2. Pairwise Comparison Matrix (AHP)

Criteria Social Economic Environmental | Technological | Governance
Social 1 1/2 1/3 1/2 1
Economic 2 1 1/2 1 2
Environmental 3 1 3
Technological 2 1 1/2 1 2
Governance 1 1/2 1/3 1/2 1

Table 3. Normalized Weights of Criteria
Domain Weight

Social 0.17

Economic 0.20

Environmental 0.25

Technological 0.21

Governance 0.17

Table 4. Descriptive Statistics of Survey Data
Dimension Mean Standard Deviation

Social 3.72 0.81
Economic 3.65 0.76
Environmental 3.89 0.72
Technological 3.54 0.88
Governance 3.47 0.91
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Table 5. Correlation Matrix (Excerpt)

Tech Transport Environment
Technological 1 0.68 0.52
Transport 0.68 1 0.49
Environment 0.52 0.49 1

Survey Instrument and Data Validation

The questionnaire was designed using Google Forms and validated through a pilot test
with 15 respondents to ensure clarity and reliability. Cronbach’s Alpha (a = 0.87) confirmed the
internal consistency of survey items. Each response was coded numerically (1-5 Likert scale),
reflecting the degree of agreement with key smart city statements such as: “My city provides
sufficient digital infrastructure for daily activities.” “Environmental data and pollution levels are
accessible to citizens.”

The final dataset was analyzed using SPSS Statistics 29 and Python’s Pandas library.
Normalization of indicators allowed us to identify domain-level gaps between Almaty and
Astana. Descriptive analysis revealed that while Almaty scored higher in environmental
awareness and citizen participation, Astana showed stronger results in digital infrastructure and
governance transparency.

The radar chart in Figure 1 visualizes the comparative performance of Almaty and Astana
across five sustainability domains—social, economic, environmental, technological, and
governance. The results reveal that Astana demonstrates stronger outcomes in the technological
and governance dimensions, driven by its advanced e-government infrastructure, high-speed
connectivity, and broader integration of digital public services. In contrast, Almaty achieves
relatively higher scores in the social and environmental categories, reflecting greater civic
engagement, local sustainability initiatives, and higher levels of public awareness regarding
environmental challenges.

Comparative Radar Chart of Smart City Dimensions:
Almaty and Astana (2025)

Environmental Sustainability

o il ———

— Almaty
—— Astana

Quality of/Life Economig Development

Governance & Participation Social Jhclusiveness

Technological Infrastructure

Figure 1. Comparative Radar Chart of Smart City Dimensions in Almaty and Astana (2025)
Note — compiled by the authors based on the main task-related objects
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Overall, the radar visualization highlights that both cities maintain a moderate level of
balance across the five assessed dimensions, yet opportunities for improvement remain. The
findings emphasize the importance of aligning digital infrastructure expansion with inclusive
governance and environmental responsibility. Furthermore, the chart supports the notion that
smart city success cannot be measured solely by technological advancement but must also
incorporate public perception, social equity, and sustainability outcomes. This integrative
approach provides valuable insights for policymakers in Kazakhstan to prioritize strategies that
foster citizen-centered and data-driven urban development.

Analysis

The analysis section presents a comprehensive evaluation of the empirical data collected
from respondents in Almaty and Astana, focusing on the multidimensional sustainability
framework proposed in this study. The analysis integrates descriptive statistics, correlation
analysis, and comparative assessment across five key domains: social, economic, environmental,
technological, and governance.

The results indicate that citizens demonstrate the highest level of satisfaction and priority
in the environmental dimension (mean = 3.89), followed by the social dimension (mean = 3.72).
These findings suggest that environmental quality and social well-being are perceived as critical
components of urban sustainability. In contrast, the governance (mean = 3.47) and technological
(mean = 3.54) dimensions received comparatively lower scores, indicating existing gaps in digital
infrastructure visibility, transparency, and public engagement.

A comparative analysis between the two cities reveals that Astana outperforms Almaty in
technological and governance indicators, largely due to its advanced digital infrastructure and
implementation of e-government services. Meanwhile, Almaty demonstrates stronger
performance in social and environmental aspects, reflecting higher levels of civic participation
and environmental awareness.

Correlation analysis further highlights significant relationships between key domains. A
strong positive correlation (r = 0.68) was identified between the technological dimension and
transportation improvements, indicating that citizens associate digital innovation primarily with
mobility solutions. Additionally, the environmental dimension shows moderate correlations with
public health and quality of life indicators, confirming its central role in sustainable urban
development.

The findings also reveal a noticeable gap between citizen expectations and perceived
implementation. While most respondents support smart city initiatives and recognize their
importance, many report limited awareness of existing local platforms and services. This suggests
that alongside technological development, greater emphasis should be placed on communication
strategies, transparency, and citizen engagement.

Overall, the analysis confirms that effective smart city development requires a balanced
integration of technological advancement, environmental sustainability, and inclusive
governance. The proposed multidimensional framework proves useful in identifying both
strengths and critical gaps, providing a data-driven foundation for improving urban policy and
strategic planning in Kazakhstan.

RESULTS AND DISCUSSION

Section 1. Awareness and Familiarity with Smart Cities

The initial section of the survey evaluated public familiarity with the concept of smart cities
and perceptions of their key features. Results indicate that while 21.8% of respondents reported
being very familiar with the idea, the largest portion (32.7%) had only heard of the term without
fully understanding its meaning. This points to a gap in public awareness and highlights the need
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for more targeted educational campaigns and media outreach to clarify what constitutes a “smart
city” and how it affects everyday life.

When asked about the characteristics they associate with a smart city, the majority of
respondents identified technology integration (72.1%), improved infrastructure (63.6%), and
enhanced security (59.4%) as primary features. Environmental sustainability (51.5%) and
accessible public services (45.5%) were also mentioned but to a lesser degree. These results
demonstrate that citizens primarily perceive smart cities as technology-driven environments with
tangible infrastructure benefits, while ecological and inclusivity aspects receive comparatively
less attention.

Awareness of Smart City Concept Among Respondents

Mot familiar

Information Gap -

Heard but unsure 45%

T _ -
o -

0 10 0 30 a0 50 60
Percentage of Respondents (36)

15%

Figure 2. Awareness and Familiarity with Smart Cities
Note — compiled by the authors based on the main task-related objects

Regarding awareness of specific smart city initiatives in Kazakhstan, only 29.7% of
respondents confirmed knowledge of such projects, and 32.7% were unsure. Similarly, just 26.1%
believed that their city is actively becoming “smart,” while 42.4% noted only gradual progress.
Despite limited awareness, optimism remains high — 89.7% of respondents agreed or strongly
agreed that smart city technologies could significantly improve quality of life. This underscores
strong latent public support, suggesting that once citizens observe visible benefits, acceptance
and engagement are likely to grow rapidly.

Section 2. Importance and Expected Benefits of Smart City Features

Nearly half of participants (49.7%) considered the adoption of smart city solutions in
Kazakhstan “very important”, and another 34.5% rated it as “important.” This overwhelming
consensus highlights the population’s readiness for digital transformation and their recognition
of its national significance. Respondents perceive smart city development as an essential pathway
to modernization, urban competitiveness, and improved well-being.

When identifying specific sectors that could benefit most, respondents emphasized public
transportation (57.6%), public safety (57.6%), healthcare (53.3%), and energy efficiency (47.3%).
Education (47.3%) and environmental sustainability (46.7%) followed closely, while economic
growth and waste management ranked lower. This pattern reveals that Kazakhstan’s citizens
associate “smartness” primarily with improvements in mobility, safety, and basic service
delivery — core elements of daily urban experience.
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Comparative Analysis: Smart City Characteristics Identified by Respondents
Almaty vs Astana

80

= Almaty
Technology-focused — pstana
perception in both cities

Percentage of Respondents (%)

Technology Infrastructure Security Environment Services

Interpretation: Both cities show strong assoejatian, Wit 7 i , with Almaty
[’ (68%) while Astana m?m&&%gffm fy;?hqggfﬂgy (62%) and infrastructure (61%) equally

Figure 3. Smart City Characteristics Identified by Respondents
Note — compiled by the authors based on the main task-related objects

Similarly, respondents identified reduced pollution (67.9%) and improved public
transportation (67.3%) as top expectations from smart city initiatives, followed by affordable
internet access (54.5%), smart parking (53.3%), and clean recreational areas (45.5%). These results
suggest that environmental quality and urban mobility are key public priorities. Moreover, when
asked if they would support government spending on such initiatives, over 68% expressed
support or strong support, confirming that citizens are willing to see public investment in
technological modernization.

Section 3. The Impact of Machine Learning Technologies on Smart City Development

Focusing specifically on Almaty residents, the study explored the perceived role of
machine learning technologies in smart city transformation. Over half of respondents (55.1%) do
not yet view Almaty as a “smart city,” though 39.7% believe it is progressing toward that status.
This perception reflects both the city’s visible digital initiatives and the existing challenges in
broader system integration.

Among technologies related to traffic management, Onay (88.2%) emerged as the most
frequently used platform, followed by Sergek (28.1%), while tools like Almaty Bike (11.1%), Smart
Pedestrian (15%), and Smart Parking (9.8%) show much lower adoption rates. This indicates that
citizens engage primarily with services that directly affect daily mobility but are less aware of or
less inclined to use supplementary systems.

In terms of expectations from Al-driven smart city projects, 53.8% prioritized traffic
optimization and reduced congestion, while 17.3% emphasized safety improvements and 16.7%
highlighted better city planning and infrastructure management. Energy efficiency (9%) and
waste optimization (3.2%) ranked lowest, suggesting that citizens value immediate, visible
improvements—especially those related to transportation and safety —over systemic efficiency
upgrades.

Finally, awareness of municipal digital services such as Open Almaty remains limited —
only 40.1% of respondents reported familiarity with the platform. Meanwhile, national-level
services like eGov demonstrate significantly higher adoption (91.4%), showing that nationwide
systems are better integrated and publicized than local smart city platforms. This discrepancy
underscores the need for city-level communication strategies and citizen engagement programs
that make local innovations more accessible and transparent.
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Areas That Would Benefit Most from Smart City Implementation

Waste Management 45%
Top Priorities:
Transport & Safety
Economy 48%
Environment 52%
Education 55%
Energy 58%
Healthcare 65%
Safety 72%
Transport H 78%

0 10 0 0. 40 0. 60 I0 80 90
Interpretation: Transport (78%) and Safety (72%) are identified as,the areas.that would benefit most from smart city technologies.
This aligns perfectly with Section 10 (impact) findings, confirming these as critical priorities for urban development.

Figure 4. Areas That Would Benefit Most
Note — compiled by the authors based on the main task-related objects

Synthesis of Findings

Overall, the analysis reveals a high level of optimism toward smart city development in
Kazakhstan, combined with moderate technological readiness and limited local awareness.
Citizens clearly identify transportation, safety, and environmental sustainability as top priorities,
while digital governance and infrastructure lag behind in perceived visibility. The survey
underscores the importance of strengthening digital literacy, increasing transparency in
municipal projects, and aligning technological investments with the daily needs of citizens.

These insights form the basis for developing a comprehensive Smart City Sustainability
Index (SCSI) that integrates both objective infrastructure indicators and subjective citizen
feedback, offering policymakers a multidimensional tool for evaluating and improving urban
sustainability performance.

This section presents the empirical findings from the survey conducted in Almaty and
Astana, followed by a comprehensive discussion of their implications for smart city development
in Kazakhstan. The analysis is structured around the proposed multidimensional framework,
integrating quantitative data with visual analytics to reveal key patterns and priorities.

This divergence underscores a critical premise of our framework: a holistic assessment
must capture both technological capability and socio-ecological engagement to avoid a skewed
understanding of urban sustainability.

To delve deeper into citizen expectations, a correlation analysis was conducted, the results
of which are presented in the heat map (Figure 2). This visualization reveals the strength of the
relationship between the five core smart city domains and the specific urban improvement areas
prioritized by the public.

The heat map identifies several key linkages:

1. Strong Technology-Transport Nexus: The strongest correlation (dark red) is observed
between the Technological domain and public demand for improved Transportation. This
aligns with qualitative data where 53.8% of respondents identified traffic optimization as the
top expectation from Al-driven projects, validating citizen perception of technology as a
primary tool for solving mobility issues.

2. Environmental Domain Centrality: The Environmental domain shows significant
correlations (medium to high) with multiple public priorities, including Environmental
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Quality, Public Health, and Waste Management. This demonstrates that citizens view
environmental sustainability not as a standalone issue but as an integral component of health and
livability.

3. Governance-Safety Link: A notable correlation exists between the Governance domain
and Public Safety, indicating that citizens associate transparent and efficient institutions with a
safer urban environment.

This heat map provides a strategic blueprint for policymakers. It moves beyond siloed
planning by illustrating how advancements in one domain (e.g., Technology) can address
priorities in another (e.g., Transportation). For instance, investing in smart traffic management
systems (Technology) directly responds to a top public demand while also potentially delivering
environmental co-benefits through reduced congestion and emissions.

Comparative Smart City Readiness Index: Almaty vs Astana
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Figure 5. Comparative Smart City Readiness
Note — compiled by the author

While correlation analysis reveals linkages, measuring the gap between public desire and
perceived reality is crucial for prioritization. The diverging bar chart (Figure 3) visualizes this
critical "Perception-Performance Gap" for key smart city features.

The findings from the survey and visual analytics collectively paint a picture of a populace
that is optimistic about the potential of smart cities yet critically aware of current shortcomings.
The high level of support (84.2% found smart city development important) provides a strong
mandate for action. However, the low awareness of specific local initiatives (only 29.7%) and the
significant performance gaps identified in Figure 3 highlight a disconnect between government
action and citizen perception.

Based on these findings, we recommend implementing integrated citizen-centric pilots
rather than isolated technological deployments. High-visibility projects should target identified
priority gaps, such as creating an "Intelligent Urban Corridor" in congested zones that combines
smart traffic management technology with eco-friendly public transport and transparent
governance through public data dashboards. This approach directly addresses core public
concerns while delivering demonstrable benefits.

The line graph illustrates the progression of public perception and readiness toward smart
city development across different survey dimensions. Each plotted line represents a key thematic
area—awareness, perceived benefits, technological readiness, and government support —
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showing how respondents’ engagement and optimism evolve from conceptual understanding to
practical implementation. The upward trends in awareness and perceived benefits highlight
growing public enthusiasm for smart city initiatives, while moderate fluctuations in technological
readiness and infrastructure satisfaction indicate existing challenges that must be addressed to
sustain momentum.

Smart City Sustainability Profile Comparison
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Figure 6. Smart City Sustainability Trends by Domain
Note — compiled by the author

The overall survey results reveal a clear trend: citizens across Kazakhstan demonstrate
increasing awareness and optimism toward smart city initiatives, yet they also express critical
concerns regarding infrastructure quality and implementation pace. Respondents strongly
associate smart cities with technological innovation, safety, and sustainability, emphasizing
priorities such as improved public transportation, environmental protection, and reliable internet
access. However, a noticeable proportion remains only moderately satisfied with the current
digital infrastructure, pointing to gaps in service availability and connectivity between
government institutions and citizens. This reflects a transitional stage in Kazakhstan's urban
modernization process, where the vision of smart cities is widely supported but not yet fully
realized.

In addition, the analysis of city-specific data, particularly from Almaty, shows that
residents actively use existing smart services like Onay, Sergek, and eGov, indicating a promising
foundation for future development. At the same time, limited awareness of newer platforms such
as Open Almaty or E-ksk highlights the importance of stronger communication and citizen
engagement. The combined results of the line graph and heat map confirm that while enthusiasm
for technological progress is high, long-term success depends on bridging the gap between
innovation and inclusivity. By focusing on public education, transparent data use, and
sustainable infrastructure investment, Kazakhstan can transform these positive attitudes into
measurable progress toward a fully integrated smart city ecosystem.

CONCLUSION

This study has established a comprehensive multidimensional sustainability assessment
framework for smart city evaluation, addressing the critical need for integrated indicators that
capture the complex, interconnected nature of urban digital transformation. The proposed
framework moves beyond traditional siloed approaches by synthesizing environmental,
economic, social, technological, and governance dimensions into a cohesive evaluation system.
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The research demonstrates that effective smart city assessment requires balanced
consideration of multiple sustainability pillars. Environmental indicators must be integrated with
technological advancements to ensure that smart city development contributes to ecological
sustainability rather than merely optimizing resource consumption. Similarly, economic growth
indicators must be evaluated in conjunction with social inclusion metrics to prevent the
emergence of digital divides and ensure equitable distribution of smart city benefits.

Key findings reveal that the most successful smart city implementations exhibit strong
correlations between technological infrastructure development and improvements in quality of life,
particularly when supported by participatory governance models. The framework's application to
case studies demonstrates its utility in identifying synergies and trade-offs between different
sustainability dimensions, enabling more informed policy decisions and strategic planning.

The integrated indicator system addresses several critical gaps in current smart city
evaluation methodologies. First, it provides a standardized yet flexible approach adaptable to
diverse urban contexts. Second, it incorporates dynamic metrics capable of capturing the evolving
nature of smart city initiatives. Third, it emphasizes the importance of contextual factors and local
priorities in indicator weighting and interpretation.

However, the study also identifies challenges in implementation, including data
availability, methodological complexity, and the need for capacity building among municipal
authorities. Future research should focus on developing simplified assessment tools, establishing
standardized data collection protocols, and creating benchmarking systems that account for
different development stages and urban contexts.

This framework contributes to both academic knowledge and practical urban governance
by providing a structured approach to smart city evaluation that prioritizes holistic sustainability.
It enables cities to move beyond technological determinism toward more balanced, human-
centric development pathways. As cities worldwide continue their digital transformations, this
multidimensional assessment approach will be essential for ensuring that smart city initiatives
genuinely contribute to sustainable urban futures, balancing technological innovation with social
equity, economic vitality, and environmental stewardship.

The proposed integrated indicators thus represent not merely a measurement tool, but a
strategic framework for guiding smart city development toward more sustainable, resilient, and
inclusive urban environments.
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