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Abstract:

This study aimed to develop and empirically validate a context-sensitive framework of smart city performance indicators emphasizing
sustainable urban development in Kerman, Iran. An applied sequential exploratory mixed-methods design was employed in two phases. In
the qualitative phase, grounded theory was used to analyze expert interviews in urban planning, urban management, and smart-city
development following Strauss and Corbin’s open, axial, and selective coding procedures, resulting in 10 main categories and 58
subcategories. The extracted indicators were subsequently operationalized into a 58-item questionnaire. In the quantitative phase, survey data
were analyzed using SmartPLS and partial least squares structural equation modeling (PLS-SEM). Measurement and structural models were
evaluated through reliability and validity indices, path coefficients, and bootstrapping procedures. All tested structural relationships were
statistically significant. Smart technology infrastructure (B = 0.400, t = 6.825, p < 0.001) and information technology implementation (f =
0.204, t = 3.463, p = 0.001) positively predicted strategic formulation capacity. Smart society (B = 0.279, t = 4.224, p < 0.001), smart
governance (f = 0.226, t =3.241, p = 0.001), smart structures (p =0.171, t =2.549, p = 0.011), and sustainable transportation (f = 0.301, t=
4.570, p < 0.001) significantly predicted smart-city performance. Smart-city performance also positively affected strategic formulation (p =
0.339, t =5.223, p < 0.001). The strongest effects were observed for strategic formulation on sustainable urban development (§ = 0.809, t =
29.194, p < 0.001) and environmental conservation (f = 0.808, t = 35.352, p < 0.001). The model explained approximately 73% of the
variance in smart-city outcomes. Sustainable smart-city development in Kerman depends on the coordinated integration of technological,
social, governance, physical, and transportation capacities rather than technological advancement alone. The particularly strong effects of
strategic formulation on sustainability outcomes indicate that effective strategy development and implementation constitute the principal
mechanism through which smart-city capabilities can be translated into sustainable urban and environmental outcomes.
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Extended Abstract

Rapid urbanization, population growth, increasing pressure on natural resources, environmental degradation, infrastructure
congestion, and the growing complexity of urban governance have transformed the management of contemporary cities into a
multidimensional challenge. In response, the smart city concept has evolved from an initially technology-centered approach
focused on information and communication technologies, digital infrastructure, and service automation into a broader
framework integrating governance, social participation, environmental sustainability, quality of life, and resource efficiency.
Recent evidence indicates that the sustainability contribution of smart-city technologies depends not merely on the availability
of digital tools but on the extent to which technological capabilities are strategically integrated with environmental, institutional,
and social objectives (1). Accordingly, contemporary smart-city development increasingly emphasizes sustainable
development strategies capable of coordinating technological innovation with long-term urban resilience, environmental
protection, and citizen well-being (21). Performance evaluation has therefore become central to smart-city planning because
cities require integrated systems of indicators capable of distinguishing technological inputs from actual impacts and outcomes
(7). The literature nevertheless reveals substantial heterogeneity in the indicators used to assess smartness and sustainability,
reflecting differences in theoretical approaches, urban contexts, and policy priorities (4). Systematic evidence further
demonstrates that the relationship between smart cities and the Sustainable Development Goals involves both important co-

benefits and potential trade-offs, reinforcing the need for context-sensitive assessment rather than assuming that technological
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advancement automatically produces sustainability (17). Global assessment frameworks similarly emphasize the integration of
technological, economic, social, governance, and environmental indicators to provide a comprehensive representation of urban
performance (18). From a capacity perspective, smart-city development depends on the ability of urban institutions to combine
technological resources, managerial competencies, organizational learning, and strategic decision-making (9). Consequently,
performance measurement should capture not only the existence of technological systems but also their contribution to practical
urban outcomes, as emphasized in systematic reviews of smart and sustainable city measurement (5). The usefulness of
indicators also varies according to the stage of urban development, the purpose of evaluation, and the decision-making context
in which they are employed (8). Among the operational dimensions of smart-city performance, intelligent and sustainable
transportation is particularly important because it affects accessibility, congestion, energy consumption, emissions, safety, and
citizens' everyday experience of the city (16). At the conceptual level, smart cities and sustainable cities are related but not
identical; their principal convergence lies in improving quality of life, resource efficiency, effective governance, and
environmental performance through purposeful technological use (2). Governance therefore represents a critical mediating
structure through which innovation, interorganizational coordination, participation, and digital capabilities are translated into
urban value (10). Empirical comparisons also indicate that greater city smartness does not necessarily produce uniform
improvements in environmental quality or social equality, highlighting the role of institutional and distributive conditions (13).
Likewise, the contribution of smart-city development to urban livability and subjective well-being depends on whether
technological interventions generate tangible improvements in everyday urban conditions (14). Evidence from China further
suggests that smart-city implementation can improve citizens' perceived quality of life when digital transformation translates
into better services and urban experiences (11). Theoretical work linking smart cities with the Sustainable Development Goals
also emphasizes the need to move beyond technological modernization toward integrated sustainability-oriented development
(3). Accordingly, taxonomies of smart sustainable city indicators increasingly incorporate social, cultural, governance,
economic, environmental, and technological dimensions within the same assessment architecture (15). In the Global South,
however, the transfer of standardized smart-city frameworks may be problematic because institutional capacity, resource
constraints, infrastructure maturity, and citizens' priorities differ substantially across contexts (19). Integrated sustainability
indicators can help address this problem by connecting smart-city interventions with measurable environmental, social, and
economic performance (6). Comparative urban rankings likewise show that even cities with similar levels of development may
perform differently depending on how smartness and sustainability dimensions are conceptualized and weighted (20). Finally,
smart-city planning has been associated with economic and social benefits, but the magnitude and distribution of these benefits
depend on how urban strategies are designed and implemented (12). Against this background, Kerman represents an important
case because its urban growth, infrastructure pressures, environmental constraints, and need for more effective governance
require a locally grounded framework rather than the direct application of generic smart-city models. This study therefore
aimed to develop and empirically validate a context-sensitive framework for evaluating and analyzing smart-city performance
indicators from a sustainable development perspective in Kerman, Iran.

The study employed an applied sequential exploratory mixed-methods design conducted in two interconnected phases. In
the qualitative phase, grounded theory was used to identify locally relevant smart-city components and indicators. Data were
collected through interviews with experts in urban planning, urban management, and smart-city development and were
analyzed concurrently with data collection using open, axial, and selective coding procedures. Initial concepts were identified

and consolidated during open coding, related concepts were organized into main and subsidiary categories during axial coding,
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and the relationships among categories were integrated during selective coding. This process generated 10 main categories and
58 subcategories, which formed the empirical foundation for the quantitative measurement instrument. The qualitative results
were then operationalized into a 58-item questionnaire corresponding to the identified indicators. In the quantitative phase, the
questionnaire data were analyzed using SmartPLS and partial least squares structural equation modeling. The measurement
model was evaluated in terms of indicator reliability, internal consistency, and convergent validity. The structural model was
then assessed using path coefficients and bootstrapping procedures. The final model examined the effects of smart technology
infrastructure and information technology implementation on strategic formulation capacity; the effects of smart society, smart
governance, smart structures, and sustainable transportation on smart-city performance; the relationship between smart-city
performance and strategic formulation; and the effects of strategic formulation on sustainable urban development and
environmental protection.

The inferential results supported all nine structural relationships tested in the model. Smart technology infrastructure had a
positive and statistically significant effect on strategic formulation capacity (B = 0.400, t = 6.825, p < 0.001), whereas
information technology implementation also positively predicted strategic formulation, although with a smaller effect (f =
0.204, t = 3.463, p = 0.001). Regarding overall smart-city performance, sustainable transportation had the strongest direct effect
(B=0.301,t=4.570, p <0.001), followed by smart society (f =0.279, t =4.224, p <0.001), smart governance (§ = 0.226, t =
3.241, p=10.001), and smart structures (fp = 0.171, t =2.549, p = 0.011). Smart-city performance, in turn, exerted a significant
positive effect on strategic formulation capacity ( = 0.339, t =5.223, p <0.001). The strongest structural relationships in the
entire model were observed between strategic formulation and the two sustainability outcomes. Strategic formulation had a
very strong positive effect on sustainable urban development (f = 0.809, t =29.194, p < 0.001) and an almost identical effect
on environmental protection (f = 0.808, t = 35.352, p < 0.001). The validated structural model explained approximately 73%
of the variance in smart-city outcomes, indicating substantial explanatory power. Overall, the results demonstrated a coherent
sequence in which technological capacities supported strategic capacity, social, governance, physical, and transportation
capacities contributed to smart-city performance, and strategic formulation served as the principal mechanism connecting
smart-city capabilities with sustainable urban and environmental outcomes.

The findings indicate that smart-city performance in Kerman should be understood as the outcome of an integrated urban
system rather than as a direct consequence of technological modernization. The significant effect of smart technology
infrastructure on strategic formulation demonstrates that digital infrastructure is most valuable when it improves the city's
ability to formulate, coordinate, and implement coherent strategies. The smaller but significant contribution of information
technology implementation suggests that technology use alone is insufficient unless supported by a broader infrastructural and
organizational environment. Among the determinants of smart-city performance, sustainable transportation emerged as the
strongest predictor, underscoring the centrality of mobility, accessibility, safety, environmental compatibility, and
transportation efficiency to the practical experience of urban smartness. Smart society also showed a substantial effect,
indicating that citizen participation, social cohesion, digital inclusion, education, and social adaptability are essential to
successful smart-city development. The significant contribution of smart governance confirms that transparency,
responsiveness, interorganizational coordination, and accessible public services represent core dimensions of smart urban
performance. Smart structures also contributed significantly, although more modestly, suggesting that intelligent buildings,
resource-efficient infrastructure, and the quality of the built environment constitute necessary but not independently sufficient

components of smart-city performance.
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The most important result was the very strong influence of strategic formulation on both sustainable urban development and
environmental protection. This finding suggests that the decisive link between smart-city capacities and sustainability lies in
the ability of urban institutions to translate technological, social, governance, physical, and transportation capabilities into
explicit strategies, priorities, policies, and coordinated actions. In other words, technological sophistication does not
automatically produce environmental protection or sustainable development; these outcomes depend on strategic governance
capable of directing available capacities toward defined sustainability objectives. The model therefore supports a performance
logic in which smart-city resources and capacities represent enabling conditions, smart-city performance reflects the operational
functioning of these capacities, and strategic formulation converts them into long-term developmental and environmental
outcomes.

In conclusion, the study provides a context-sensitive and empirically validated framework for evaluating smart-city
performance in Kerman. Its principal contribution lies in integrating locally derived indicators with structural validation,
thereby avoiding the uncritical transfer of standardized smart-city frameworks. The results demonstrate that sustainable smart-
city development requires coordinated technological, social, governance, physical, and transportation capacities, with strategic
formulation functioning as the critical mechanism through which these capacities are transformed into sustainable urban
development and environmental protection. The framework can therefore serve as an evidence-based basis for prioritizing
investments, monitoring urban performance, strengthening strategic planning, and guiding citizen-centered and sustainability-

oriented smart-city development in Kerman and other cities with comparable contextual characteristics.
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