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Extended Abstract

Introduction

Smart cities have become a central paradigm in contemporary urban research, transforming
how cities are measured, compared, and governed. Yet despite the global diffusion of the
concept, the internal structure of “smartness” remains uneven, multidimensional, and strongly
dependent on local capacities for data production, governance, and innovation. Europe, unlike
many other regions of the world, benefits from a rich statistical ecosystem that enables cities
to be evaluated across multiple dimensions using reliable, comparable, and annually updated
indicators. This study builds upon these datasets to develop a six-dimensional analytical
geometry of smartness across European cities. It aims to move beyond simple rankings and
construct a deeper structural understanding of how cities behave across economic, people,
governance, mobility, environmental, and living dimensions. The broader motivation of the
research is twofold. First, it seeks to reveal the spatial and conceptual diversity of European
smart cities, showing that “smartness” is not a uniform path but a set of distinct patterns and
typologies. Second, it aims to establish a theoretical-analytical device adaptable to other
regions, including data-scarce contexts, where smart-city strategies remain fragmented due to
the absence of structured statistical systems.

Theoretical Framework

The study is grounded in the six-dimensional model widely adopted in the European smart-
city literature (Six Dimensions), originally articulated by Giffinger and subsequently refined
by contemporary scholarship. This framework conceptualizes smartness as a balance between
technological infrastructure (hard assets) and human—institutional capacity (soft assets).
European Parliament reports, Urban Audit methodology, and recent studies emphasize that the
most successful smart cities cultivate harmony among these dimensions rather than privileging
any single component. Building on this foundation, the research introduces the concept of
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Smartness Geometry, which treats each city as a six-coordinate point in a multidimensional
space. The geometric shape derived from these coordinates, interpreted through radar profiles,
reveals whether a city is balanced, skewed, hard-infrastructure-dominated, soft-capacity-
dominated, or structurally weak across multiple fronts. This theoretical lens allows smartness
to be operationalized not merely as ranking but as form, pattern, and structural identity.

Methodology

The analysis uses 91 indicators extracted from two major European data repositories: Eurostat’s
2025 smart-city datasets and the 2024 Urban Audit. Each indicator corresponds to one of
the six smart-city dimensions, forming an extensive database of urban performance covering
economy (12 indicators), people (16), governance (12), mobility (10), environment (13), and
living (28). To ensure comparability, all data older than 2015 were excluded. After cleaning
and standardization, the Shannon entropy method was applied to compute dimension-specific
weights, ensuring that indicators with greater variation across cities exert proportionally
stronger influence. Using these weighted scores, six composite values were generated for each
city, yielding the coordinates of their smartness geometry. To evaluate relative performance,
four multi-criteria decision-making (MCDM) methods were applied independently: AHP,
SAW, TOPSIS, and VIKOR. These methods were intentionally selected because they differ
in compensability, normalization sensitivity, and aggregation logic. AHP reflects hierarchical
expert-based reasoning; SAW is fully compensatory and linear; TOPSIS emphasizes distance
from ideal and anti-ideal solutions; VIKOR balances individual and group utility through
a compromise model. The Friedman test was employed to assess the statistical agreement
among the four methods. Finally, consensus clustering and radar-geometry analysis were used
to classify the cities into geometric types of smartness.

Results and Discussion

The integrated ranking produced a clear hierarchy among European cities. The geometry of
smartness across European cities can be interpreted through four distinct typological forms,
each representing a structural pattern of urban performance. Type T1, the Balanced Smartness
Core, reflects cities scoring between 0.70 and 0.96, primarily found in Northern and Western
Europe. These cities show strong performance in living standards, mobility, governance, and
environmental sustainability, resulting in a symmetrical hexagonal radar chart that signifies
equilibrium across all dimensions. Type T2, the Industrial-Economic Hardware Smartness,
includes cities in Germany, France, and the United Kingdom, typically scoring 0.55-0.70.
Their radar charts appear as elongated pentagons pulled toward economic, innovation,
employment, and infrastructure dimensions, indicating strong hard capacities but less balanced
soft dimensions. Type T3, the Latent Software-Based Smartness, is characteristic of Eastern
European cities, with scores ranging from 0.45 to 0.55. These cities perform better on people-
oriented indicators such as education, governance, and civic participation, while lagging in
the economy and mobility, resulting in an asymmetric quadrilateral with elevated human/
governance axes and depressed economic ones. Finally, Type T4, the Negative Consensus
Core, includes structurally weak cities of Southern Europe, positioned between 0.00 and 0.40.
Their profiles show severe imbalance across all dimensions, forming collapsed or fragmented
polygons with sharp recessions that reflect pervasive deficits and the need for significant policy
interventions. This typology demonstrates that Europe does not move toward a uniform smart-



city model but toward differentiated regional patterns—each shaped by historical, economic,
cultural, and governance trajectories.

Conclusion

The study offers a comprehensive analytical device for understanding smart-city performance
through a multi-dimensional, geometric, and consensus-based approach. The Smartness
Geometry model reveals that smartness is not simply about technological adoption but
about structural harmony across economic, human, institutional, environmental, and
infrastructural systems. Europe showcases both excellence and disparity: while northern
cities achieve equilibrium, southern and eastern cities face multidimensional fragility. The
framework developed here is transferable to other regions, provided that a reliable statistical
infrastructure is established. Without consistent, transparent urban data, neither profiling,
geometry, nor benchmarking is possible. Strengthening national urban statistics, creating open
datasets, and adopting standardized indicators similar to those of the Urban Audit would allow
governments to construct their own smartness geometry. Future research should extend this
model to comparative regional studies, integrate time-series dynamics, and examine the causal
mechanisms behind geometric patterns. The Smartness Geometry framework thus offers a
robust, expandable system for measuring, understanding, and improving urban smartness
across diverse global contexts.
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