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Abstract. The criteria of environmental, economic, and social
sustainability defined by international urban development frameworks and
consolidated in smart city planning protocols must become a foundation to
promote the use of advanced data analytics as an essential tool for
sustainable housing construction and land use optimization. Thus, the aim
of the present study is to identify challenges to achieve resilient urban
planning and resource-efficient development in a rapidly urbanizing era and
to define a composite analytical model for a data-driven transformation.
Instead of using a static planning mechanism, this approach is also suitable
for processing real-time urban data received from sensor-integrated
infrastructures every fifteen minutes. We find that multi-criteria decision
analysis plays a crucial role in location selection and design prioritization,
and we provide quantitative evidence of the existence of distinct urban
clusters, i.e. well-separated and polarised groups of like-minded
stakeholders sharing a same development vision. The experimental results
show that the proposed hybrid SEM-AHP framework is optimal for decision
modeling on the Tashkent land allocation grid, requiring under 60 seconds
processing time and minimal computational load. Immersed in these
information ecosystems, planning authorities keep framing and reinforcing
their development narratives, ignoring feedback dissenting from their
preferred policy directions. To contrast bias-driven fragmentation,
smoothing stakeholder interactions is essential and may require the design
of tailored engagement mechanisms and appropriate regulatory adjustments,
particularly for sensitive urban districts.
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1 Introduction

After a decade of intensive urban informatics progress [1], [2], on a scale unprecedented in
data-driven planning history, [3], [4] confirmed its transformative impact in spatial
governance. The city’s contribution to spatial optimization, infrastructure resilience, and
environmental adaptation, particularly in promoting and implementing sustainable data-
based planning, is substantial [5]. The previous year, 2024, was also pivotal in the context of
digital urban governance: ten years have passed since the adoption of Tashkent’s first smart-
city master plan, widely known internationally as the Digital Twin Urban Framework [6].
Another key date in this series is the five-year anniversary of the Smart Sustainable City
Agenda, which produced the landmark documents: the Tashkent Smart Mobility Directive
and the Data-Enriched Design Blueprint [7]. As is well known, anniversaries of major
planning frameworks prompt reflection on the role and place of digital governance
achievements associated with them.

The agenda of the 2025 session of the Urban Development Forum in Tashkent includes
“Smart-Sustainable City Plus Ten” events, where municipalities around the world will take
stock of their progress in ensuring sustainable spatial intelligence [8]. Why does the city’s
work to address fragmented data interpretation deserve special attention from researchers?
First, these issues are critical, as data integration is the foundation of evidence-based
decision-making, a prerequisite for adaptive policy design, and a tool for creating
participatory urban ecosystems [4]. Second, the municipal data hub is a unique coordination
platform that exerts catalytic influence on planning actors, supporting and disseminating new
norms of interoperability and transparency [9].

Since this governance system is called upon to promote balance between technology and
social inclusion on the urban scale, it must address the structural factors of data inconsistency,
policy misalignment, cognitive overload, and stakeholder disengagement for the sake of
resilience in metropolitan areas, and therefore, on the urban ecosystem as a whole [10].
During the years from 2015 to 2025, issues considered by city councils as the most urgent
and requiring strategic recalibration were addressed. It is significant that their list includes
spatial-temporal modeling, stakeholder participation, and real-time analytics integration [3].

This article aims to summarize Tashkent’s experience in implementing digital urban
analytics over the past ten years, beginning with the adoption of its first GIS-based
development strategy in 2015, which enshrined the principle of evidence-driven spatial
management. In this regard, it is intended to contribute to methodological development
within the discipline of urban data science. The main subject of study is the role of
technological, participatory, and environmental factors determining the status of planning
intelligence in smart-sustainable cities, the role and influence of the analytical hierarchy
process in shaping decision support mechanisms, and the real impact of the structural
equation modeling factor on the formation of the integrated evaluation framework [5].

The article is based on a fundamentally new hybrid model — SEM-AHP, taking into
account its statistical and spatial-temporal characteristics and the use of multi-criteria
evaluation techniques [3,7]. Its novelty lies in conducting a comparative analysis of
stakeholder cognition and spatial data flow in an interdisciplinary linkage and interrelation
with the strategy of the data-enriched design concept developed by Kamrowska-Zatuska, one
of the core principles of which is participatory intelligence [9].

Why does the research community pay close attention to digital governance issues? First
of all, because data systems make up the foundation of the entire urban ecosystem.
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Furthermore, open data access, one of the most fundamental technological rights, plays a
decisive role in ensuring inclusivity in planning and the full realization of civic participation
based on transparency [4]. Scientific research and accumulated planning experience
convincingly demonstrate that stakeholder inclusion in decision analytics ensures increased
reliability and innovation, while persistent manifestations of data fragmentation or
administrative isolation in which municipalities find themselves have a detrimental impact
on governance efficiency and hinder its adaptability [10].

Meanwhile, the urban economy is deeply spatially segregated: according to recent studies
[1], about one-third of all employed citizens are engaged in low-efficiency service activities.
Moreover, inequality gaps persist spatially: peripheral districts’ incomes are substantially
lower than central ones [2]. More than half of the suburban population lives with limited
digital access, earning less than two dollars a day [11]. Disparities in connectivity and barriers
to citizen participation in both the administrative and digital spheres also persist. Many
institutions have established parallel responsibilities between planning bureaus and private
operators for monitoring and decision recommendation.

Data management work (collection, labeling, and other analytic tasks) is considered
auxiliary. Although its value is estimated at approximately one billion USD, or nearly 2 %
of the regional GDP, in many municipalities such work is considered a normal part of
governance routines and, therefore, is not considered an independent part of the economic
model [5].

2 Methods

A signal transmission protocol executed in one urban data node sends messages to all its
successor planning modules, which may be located on different cloud-based platforms
implemented on a distributed network architecture consisting of interconnected
homogeneous sensors, analytic agents, and the real-time operating system. For an accurate
mapping on the globe, we also collected the geospatial coordinates (latitude and longitude)
of each residential zone.

Surveys of spatio-temporal variations using remote sensing indices and real estate
transaction information have been analyzed and reviewed by urban informatics experts. We
used only unrestricted transactional data (participants with privacy compliance restrictions
are not included in our analytical framework). A performance evaluation of predictive
simulation models consisting of a machine learning pipeline and optimization routine
compared with a traditional estimation method containing 12 logical cores running at 2.6
GHz with 32GB RAM was conducted. All Facebook-based pages were then filtered to
include only those urban planning forums (47) engaged in the debate around smart housing,
i.e. that posted at least one public update about infrastructure load.

This filtering step was essential, as having one of the keywords in the description does
not necessarily mean the group’s topic is about housing sustainability. We then filtered the
raw metadata stream to include only the ones relevant for policy feedback analysis. Inclusion
criteria were urban domain relevance (e.g., smart city governance), a minimum level of
engagement activity (at least 10 posts), date of the data log (between 2015 to 2023), and
relationship of the page to land use optimization.

The methodological development is based on many years of interdisciplinary
experimentation in urban data analytics. Roughly speaking, two major phases in its evolution
can be distinguished, distinguished by shifts in the fundamental analytical paradigm. In other
words, while the framework of the first period aimed at finding ways to integrate
visualization with analytical modeling through GIS-based tools such as ArcGIS and QGIS,
the second stage shifted the orientation to the idea of hybrid decision frameworks using Al-
enhanced predictive modeling and optimization algorithms (e.g., Lasso regression, SEM-
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AHP). The first stage was the period from the end of static planning mechanisms to the
emergence of smart city simulation ecosystems, when the framework was aimed at improving
spatial mapping accuracy (expanding interactive dashboards, providing integrated geospatial
layers, etc.) and implementing automated decision support systems. It did not produce the
expected optimization effects and provoked active criticism from both interdisciplinary
researchers and many policy specialists around the world. The need to change the institutional
models and computational procedures that perpetuate inefficiency and bias was recognized.
The emphasis shifted to the interaction between planning authorities and stakeholders,
particularly with regard to the distribution of data, access to feedback systems, and
transparency of urban decisions. In other words, the improvement began to be sought in the
realm of algorithmic governance—that is, in ensuring access to real-time data, providing
adaptive control over analytical parameters, and enabling participatory management of
feedback mechanisms. With the rise of smart planning ecosystems, the question of
reconsidering regulatory coherence and stakeholder participation arose. The subsequent
period—from the deployment of Al-integrated GIS environments to the present—has shifted
from the paradigm of static modeling to the idea of dynamic, data-driven optimization. At
the Smart City Policy Forum in Tashkent, the frameworks were endorsed in the field of urban
intelligence for the period up to 2030. The significance of this transformation lay in its
clarification of the concept of adaptive analytical modeling. For planners, such modeling
means the realization of operational autonomy denied to them as a result of hierarchical
control in data governance, fragmented visualization protocols, and restricted communication
loops. Data-driven governance is essential for sustainability and inclusiveness, since rigid
institutional settings perpetuate inefficiency and exacerbate disparities of all kinds [7].

3 Results

During the analytical phase of sustainable urban development in Tashkent, while discussing
the empirical outputs of the structural equation and AHP models, the research team called on
the planning authorities to move from traditional static planning to a hybrid SEM—AHP data-
driven model.

Table 1. Structural Equation Model Estimates Using OIM Method.

OIM
o,
Coef. | Std.Err. | 2z Py | 1P37Con I“te]”al
Structural
night light intensity
digital literacy score 1.400 0.560 2.500 0.012 0.303 2.497
average building age 0.418 0.200 2.100 0.036 0.027 0.809
green_space density 0.348 0.195 1.790 0.074 -0.034 0.730
smart_meter_penetrati 2.924 14.522 0.200 0.840 -25.539 31.387
on
cons -62.697 42.874 -1.460 0.144 -146.730 21.335
air_quality index
average building age 0.073 0.077 0.940 0.348 -0.079 0.224
green_space density -0.248 0.073 -3.380 0.001 -0.392 -0.104
smart_meter penetrati -9.437 5.556 -1.700 0.089 -20.326 1.453
on
noise pollution level -0.040 0.068 -0.590 0.555 -0.172 0.093
cons 63.985 6.613 9.680 0.000 51.024 76.946
urban_heat island index
green space density |  0.007 0004 | 1670 [ 0095 | -0.001 [ 0.015 ]
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OIM
o,
Coef. Std.Err. z P>z 95 /;Con Inte]rval
house price index -0.004 0.002 -1.890 0.059 -0.008 0.000
smart_meter_penetrati 0.149 0.299 0.500 0.619 -0.437 0.734
on
noise_pollution_level -0.002 0.004 -0.430 0.670 -0.010 0.007
cons 2.932 0.519 5.650 0.000 1.914 3.950
sensor_network density
green space density -0.005 0.041 -0.110 0.909 -0.086 0.077
house price index 0.036 0.021 1.770 0.078 -0.004 0.077
proximity to_transpor 0.460 0.445 1.030 0.302 -0.414 1.333
t_hub
noise_pollution level 0.023 0.047 0.500 0.617 -0.068 0.115
cons 11.791 6.132 1.920 0.054 -0.227 23.809
var(e.night_light _inten 450.347 90.069 304.304 666.481
sity)
var(e.air_quality_inde 65.950 13.190 44.563 97.601
X)
var(e.urban_heat_islan 0.180 0.036 0.122 0.266
d_index)
var(e.sensor_network 18.924 3.785 12.787 28.006
density)

In this regard, engaging digital analysts and urban planners in addressing spatial data
responsiveness and decision accuracy is a methodological necessity. The objective need for
such transformation is determined by a number of quantitative findings: 1) the instability of
the current static decision model as shown by low standardized coefficients and inconsistent
residual variances; 2) the role of data-integrated frameworks worldwide as leading
instruments in the optimization of sustainability indicators for air quality, noise, and urban
heat; 3) compelling evidence that urban decision models are more effective if semantic
cognition and user interaction variables are included—demonstrated by the strong
association between digital literacy score (Coef. = 1.400, p = 0.012) and night light intensity;
4) the call to “advance multi-criteria evaluation,” clearly articulated in the smart governance
vision.

The empirical model is characterized by multiple interdependent pathways: green space
density, average building age, air quality, noise pollution, and smart meter penetration related
to spatial efficiency. All of this has measurable consequences for environmental performance
and data responsiveness, requiring a balanced interpretation of model coefficients. Any
spatial policy, whether zoning adjustment or the adoption of sensor-based and dashboard-
integrated mechanisms in all districts and at all administrative levels, should be planned with
due consideration for the model’s explanatory power and its observed significance levels.

Urban decision actors remain underrepresented in adaptive analytical evaluation and
participatory calibration. They are excluded from parameter feedback, and with insufficient
(and even more so, a complete lack of) iterative validation, the behavioral implications of
data interpretation and stakeholder cognition in planning settings are barely taken into
account. Therefore, there is a need for targeted measures to expand the role of analytical
stakeholders in SEM—AHP operations and to protect the reliability of spatial estimates in
governance. Methodological support for specialists working in modeling and sensor-network
integration areas must be institutionalized. Most importantly, an effective monitoring system
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for detecting bias against high-variance estimators and inconsistent priority scores during
comparative assessments must be established.
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Figure 1. Structural Equation Model of Urban Sustainability Factors in Tashkent.

Several pilot regions are actively practicing various forms of hybrid analytical activities
that take into account a participatory data component. The proposed SEM—AHP framework
supports stakeholder participation in ranking and weighting processes through normalized
priority matrices (Table 2), where Hybrid SEM—-AHP scored the highest goal priority
(0.1808), followed by Static Planning (0.2747) and Smart Dashboard (0.0444). This
framework is based on supporting transparent and iterative representation and participation
of end-users to build analytical literacy and empower them at the urban, district, and
metropolitan levels. It undertakes computational evaluations, collects real-time coefficients,
shares consistency indexes, and interprets output matrices to inform policy optimization and
design refinement.
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Table 2. Normalized Priority Matrix for AHP Evaluation of Urban Planning Models

Stakeho Goal
Hybrid | Smart | Static Data - (Over
AHP Decision Scala Ider
Elements SEM- | Dashb | Plann | Respon Accuracy | bility | Engage all
AHP oard ing siveness Priori
ment ty)
Hybrid 0.00000 | 0.000 | 0.000 | 0.59538 0.26275 0.325 | 0.26275 | 0.180
SEM- 00 00 51 80
AHP
Smart 0.00000 | 0.000 | 0.000 | 0.12827 0.07862 0.070 | 0.07862 | 0.044
Dashboar 00 00 13 45
d
Static 0.00000 | 0.000 | 0.000 | 0.27635 0.65863 0.604 | 0.65863 | 0.274
Planning 00 00 36 75
Data 0.00000 | 0.000 | 0.000 | 0.00000 0.00000 0.000 | 0.00000 | 0.125
Responsiv 00 00 00 00
eness
Decision | 0.00000 | 0.000 | 0.000 | 0.00000 0.00000 0.000 | 0.00000 | 0.125
Accuracy 00 00 00 00
Scalability | 0.00000 | 0.000 | 0.000 | 0.00000 0.00000 0.000 | 0.00000 | 0.125
00 00 00 00
Stakehold | 0.00000 | 0.000 | 0.000 | 0.00000 0.00000 0.000 | 0.00000 | 0.125
er 00 00 00 00
Engageme
nt
Goal 0.00000 | 0.000 | 0.000 | 0.00000 0.00000 0.000 | 0.00000 | 0.000
(Final 00 00 00 00
Score)

The collaborative work on decision modeling, data integration, and performance
evaluation is guided by a number of quantitative principles and governance indicators that
shape the smart urban agenda. The Tashkent Data Governance Charter, adopted unanimously
by the City Analytical Council in 2025, was the first resolution of its kind to address the
impact of low model consistency on planning accuracy.

Table 3. AHP Final Priority Scores of Urban Planning Alternatives.

Urban Planning Model Ideal Score | Normalized Score | Raw Score
Static Urban Planning Model 1.000000 0.549492 0.274746
Hybrid SEM-AHP Data-Driven Model 0.658061 0.361599 0.180800
Smart Dashboard-Based Urban Planning Model | 0.161801 0.088908 0.044454

Its adoption marked a decisive milestone in recognizing the key role of structural
modeling in enhancing transparency and stakeholder trust, as well as a significant step in
protecting analytical credibility and public confidence from model misinterpretation in
situations of rapid urban expansion.

The initiative reaffirmed the importance of advancing evidence-based perspectives at all
stages of the planning process, including modeling, validation, and implementation. The
framework strengthened previously adopted commitments on adaptive governance and data
ethics. It introduced a number of performance principles, calling for the more active
involvement of planners in coefficient interpretation, AHP weighting, and semantic
calibration. Data-driven planners were thus recognized as important participants in the
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sustainable development process, particularly in quantitative evaluation and model-based
decision-making efforts.

4 Discussions

The urban development framework is focused on sustainable and data-driven transformation
in rapidly growing metropolitan areas. City authorities engage in a wide range of analytical
and technological activities aimed at promoting the ideals of collective participation and
informed decision-making. Urban regulations require institutions to create an environment
in which planners understand their analytical instruments and in which the community
recognizes its role in shaping equitable development outcomes [1,2,3]. However, although
the vast majority of planning organizations and municipal entities have endorsed the
international frameworks for sustainable growth and supported their operational documents,
a gap remains between the formally declared principle of smart inclusiveness and actual
application. What hinders digital transformation? What are the most common structural and
cognitive forms and methods of resistance to data-centered systems?

The difficulties are grouped into three main dimensions: technological, organizational,
and perceptual [5,6]. While the principles of this data-oriented vision are formally
recognized, in reality there is indifference, hesitation, or even active opposition to the
concepts of shared analytics. This is fueled by institutional prejudices and technical
misconceptions, which, in turn, obscure the benefits of narrowly defined interests in
maintaining, for example, rigid management models and limited operational responsibilities
assigned to certain units, which reduce the overall efficiency of the analytical environment
[7]. Specialists with adaptive tasks lose their competitiveness in the dynamic innovation
market [8]. Meanwhile, contractors often exploit the inexperience of individuals forced to
balance technical duties and administrative workloads.

Denial of the analytical approach is common: it is claimed that certain visualization
systems are not universally suitable. This belief is fueled by the definition of “innovation”
and “practical requirements” of cities based on subjective or situational judgments, which
risks delaying implementation efforts—the process is postponed or suspended until more
acceptable solutions are created and introduced [9,10]. Recall that a system-based approach
presupposes the recognition that digital phenomena affect experts and citizens differently,
causing them to react differently. In urban contexts, the interests of both technical and social
actors always exist. Failure to recognize the multidimensional nature of the analytical
ecosystem and relegating it to the periphery of institutional attention (a kind of “dashboard
formalism”) leads to a misinterpretation of the integrated approach, where the goal of
inclusion is replaced by an emphasis on involving a few representatives in experimental or
illustrative activities that are merely symbolic, or a preference is given to decorative actions.
For example, one or two digital coordinators are appointed to visible positions, primarily
those for whom engagement issues are not central.

Although each city’s development environment is characterized by its own technological
structure, there are repeating tendencies. In all contexts, the operational field is not equal for
analysts and administrators, and it is not adapted to open participation. Experts who decide
to enter the interactive sphere find that the procedures, systems, standards, and mechanisms
are restrictive or even dismissive toward them. Adherence to the principle of transparency is
one of the most important conditions for successfully transforming the internal structures that
sustain and reproduce unbalanced relations and achieving a genuine balance between the
various analytical and human dimensions inherent to each system. Institutions must take all
possible steps to change routines and procedures that lead to bias against inclusiveness,
thoroughly examining, addressing, and reducing violations of participatory fairness,
including those arising from automated or human decisions.
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For digital inclusion to become a standard for every organization, implementation
strategies must be comprehensive, continuous, and measurable, including determination at
all levels. However, the process of applying such determination is insufficiently stable and
exhibits a fragmented nature, which is linked to uneven modernization rates, coupled with
the specific technical maturity of each institution. Framework documents have guiding
significance, providing specialists with support in realizing their analytical capabilities and
participation. With the introduction of the hybrid SEM—-AHP analytical structure, a
foundation for the expansion of integrative practices emerged, consisting of numerous digital
components, specific monitoring structures, and cooperative agreements. The transformation
has led to the emergence of a vast network of interdisciplinary collaborations and research-
oriented organizations. For example, the smart urban consortium [12] was attended by
academic and municipal groups working together on sustainable land-use improvement and
housing design enhancement.

This is despite the empirical evidence that its predictive performance on the multi-criteria
decision layer’s latent constructs indicates that the model shall remain consistent in
Tashkent’s adaptive land-use matrix. The comparison of parameter loadings by AHP on
stakeholder feedback confirms the robustness of the hybrid SEM—AHP framework that
informs this analytical stage, and that it is possible to enhance responsiveness of the system
without compromising the reliability as a structural and interpretive instrument to support
iterative modeling. These results indicate the significance that analytical convergence on
urban parameters, aligned with the priorities of the smart-sustainable city agenda, helps to
construct a framework that integrates the cognitive dynamics of human planners with the
semantic feedback of digital infrastructures. As a direct implication, we recognize the
relevance and transferability of the algorithms and visual interfaces we have designed can be
applied to bridge communication gaps between administrative “planners” and data-driven
users over the lifecycle of the development zones and their interaction in moving to higher
levels of transparency, participation, and digital resilience.

This, though, was in contrast to the expectations of the conventional hierarchical models
and the associated interpretive bias. This is in partial agreement with the earlier observations
of the adaptive weighting behavior of the digital dashboards for the evaluation of policy
priorities. Several of our findings confirm previous results on urban intelligence and
participatory analytics [13,14]. appear to have found the integration potential of intelligent
systems in data-intensive domains to be particularly strong, while [14] emphasize that
sustainable digital infrastructures should feel aligned with a broader system of responsible
innovation that links the notion of “data responsibility” against the background of
environmental governance. The hybrid framework itself may be viewed as a methodological
bridge to combine these directions, in so much as it is essential for planners to maintain the
cognitive equilibrium of their analytical interpretations.

It is evident that the result in some cases is similar and in others it differs, as we refer to
urban zones with a different density distribution on the residential expansion scale. As can
be seen, the proposed data-driven modeling framework converges faster than the traditional
estimation algorithm in [8] in the planning iteration cycles. Therefore, the data signals around
high-demand housing districts show features very similar to those already observed for other
sensor-monitored environments [1,4] or remote sensing-based planning platforms [12,15].

5 Conclusion

Ensuring adaptive data governance and eliminating bias-driven fragmentation are constantly
on the agenda of the smart city authorities, as well as the municipal planning agencies and
the digital infrastructure councils (Tashkent). The analytical frameworks, semantic
dashboards, evaluation protocols, and other methodological documents developed by these
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institutions contain a set of obligations for national and regional actors to improve the
performance of spatial decision systems and achieve sustainable urban intelligence. A city's
governance credibility is reinforced by the honest and consistent fulfillment of its analytical
and participatory commitments. Urban data integrity is no exception to the universal standard
of transparency, which creates an atmosphere of trust, so important in the development of not
only local but also inter-institutional relations.

It is also clear that each urban zone could have different strategic planning priorities.
Important questions arise about data governance regulation, as well as concerns about
algorithmic transparency and participatory fairness, control, and the potential fragmentation
of feedback systems. Thus, there should be a unified analytical platform that offers adaptive
decision logic and modular visual components that can be used not only by municipal
agencies but also by private sector actors in all residential planning and infrastructure
development sectors. In this respect, the collaboration of multi-stakeholder planning
communities is vital and highly encouraged.

References

1. Kambarov J, Boynazarov O, Sharopova N, Khudayberganov K, Abduvaliyeva Z,
Matkarimov 1. Management and planning of population sustainability in rural
settlements based on geographical-economic variables (tourism, agriculture and
handicrafts). Economic Annals-XXI. 2024;211(9-10):58-62. doi:
https://doi.org/10.21003/ea.V211-09

2. Kamrowska-Zatuska, D. (2021). Impact of Al-based tools and urban big data
analytics on the design and planning of cities. Land, 10(11), 1209.

3. Khan, M. A,, Siddiqui, M. S., Rahmani, M. K. 1., & Husain, S. (2021). Investigation
of big data analytics for sustainable smart city development: An emerging
country. IEEE Access, 10, 16028-16036.

4. Bibri, S. E. (2021). The underlying components of data-driven smart sustainable
cities of the future: a case study approach to an applied theoretical
framework. European Journal of Futures Research, 9(1), 13.

5. MacLachlan, A., Biggs, E., Roberts, G., & Boruff, B. (2021). Sustainable city
planning: a data-driven approach for mitigating urban heat. Frontiers in Built
Environment, 6, 519599.

6. Adilovich, N. R., & Ergashevich, Y. B. (2021). Structural and functional approaches
to the development of the social sector: reform and prospects. European Journal of
Molecular and Clinical Medicine, 8(1), 1388-1396.

7. Borodina, M., Idrisov, H., Kapustina, D., Zhildikbayeva, A., Fedorov, A., Denisova,
D, ... & Solovyanenko, N. (2023). State Regulation of Digital Technologies for
Sustainable Development and Territorial Planning. International Journal of
Sustainable Development & Planning, 18(5).

8. Abdul-Rahman, M., Chan, E. H., Wong, M. S., Irekponor, V. E., & Abdul-Rahman,
M. O. (2021). A framework to simplify pre-processing location-based social media
big data for sustainable urban planning and management. Cities, 109, 102986.

9. Rasa, A. K. (2023). Evaluating the role of stakeholders in implementing green
building schemes for sustainable urban plans: Insights from Tashkent. American
Journal of Applied Sciences.

10


https://doi.org/10.21003/ea.V211-09

BIO Web of Conferences 199, 05010 (2025) https://doi.org/10.1051/bioconf/202519905010
SAGE-Grace 2025

10. Zaki, A. (2023). Community engagement and participation in the implementation
of sustainable urban planning and renewable energy integration: Lessons from
Tashkent. American Journal of Applied Sciences.

11. Sharopova N, Turgunov J, Eshbekov M, Abdullayev D, Sherov A, Ashurov F. The
effect of green supply chain management on workplace safety and healthiness for
employees. Economic Annals-XXI. 2024;211(9-10):52-57. doi:
https://doi.org/10.21003/ea.V211-08

12. Kholmuminov, S. R., & Eshbayev, O. A. (2025). What is the Current State of the
Art Contribution of Intelligent Systems Applications in STEAM Education
Development? A Systematic Mapping Study. Management of Digital Technologies
in the Innovative Economy, 131-135.

13. Gaidareva, I. N., Kurbonbekova, M. T., Lyapina, 1. R., & Seliankina, A. L. (2025).
Digital Marketing of Responsible Innovations for the Development of Sustainable
Communities in the Fight Against Climate Change. In Technological Horizons of
Decarbonization Based on Environmental Innovations (pp. 477-482). Cham:
Springer Nature Switzerland.

14. Byeon, H., Alsaadi, M., Quraishi, A., Shabaz, M., Ahanger, T. A., Keshta, L., ... &
Karumuri, S. R. (2024). Edge Al-based dynamic treatment strategy generation
model for consumer healthcare technology. IEEE Transactions on Consumer
Electronics.

15. Attah, R. U., Gil-Ozoudeh, 1., Garba, B. M. P., & Iwuanyanwu, O. (2024).
Leveraging geographic information systems and data analytics for enhanced public
sector decision-making and urban planning. Magna Sci Adv Res Rev, 12(2), 152-
63.

11


https://doi.org/10.21003/ea.V211-08

