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Highlights

- Micro-scale green spaces are the strongest drivers of social interaction and urban livability.

- Adaptive lighting and smart technologies enhance nighttime presence and perceived safety.

- Interactive and modular urban furniture fosters transient encounters and functional satisfaction.

- Smart technologies indirectly improve social interaction through enhanced environmental satisfaction.

I n the context of high population density, unequal access to open spaces, and increasing |Received 12/03/2025
pressure on spatial and environmental resources, public spaces play a pivotal role in |Rgevised 03/04/2025
enhancing urban livability, fostering social sustainability, and reproducing social capital.
Understanding the mechanisms that shape citizens’ social behavior through the lenses
of urban design and technology therefore constitutes a critical priority in contemporary
urban planning. The present study aims to analyze the relative contributions of key
physical design components) namely urban lighting, street furniture, and green spaces)
and to examine the mediating or moderating roles of smart technologies in explaining
three core dimensions of social behavior: social interaction, perceived safety, and overall
satisfaction in District 10 of Tehran. A mixed-method approach with a predominantly | Urban design
quantitative orientation was employed. Quantitative data were collected through | Emergingtechnologies
structured questionnaires (n = 300), while qualitative insights were obtained via semi- | public spaces
structured interviews with local stakeholders. The validity and reliability of instruments | social interactions
were confirmed through pilot testing and expert review. Findings indicate that physical
design elements function as the spatial infrastructure of social behavior: green micro-
spaces, adaptive lighting, and interactive street furniture respectively exert the greatest
influence on citizens’ presence, social interactions, and satisfaction. Thematic analysis
revealed three overarching themes: (1) micro-scale green design that enhances
dwelling and informal social encounters; (2) targeted lighting and environmental
surveillance systems that strengthen perceived safety and nighttime activity; and (3)
smart street furniture with integrated digital services that improve functional comfort
and user experience. Accordingly, the study underscores the necessity of adopting a
hybrid physical—digital design approach at the neighborhood scale and proposes a set
of prioritized strategies for optimizing micro-green spaces, advancing adaptive urban
lighting, and integrating smart street infrastructure to promote socially sustainable and
technologically responsive public spaces.
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ntroduction: High-density neighbourhoods confront acute constraints in open space and heightened

demand forsocial functions served by public space. In such contexts, modest, well-targeted interventions
may yield outsized social benefits. Prior literature links green infrastructure, lighting and street furniture
to presence, interaction and perceived safety (Gehl, 2010; Whyte, 1980; Newman, 1972). Concurrently,
smart urban technologies (adaptive lighting, sensors, public connectivity) are increasingly promoted
to enhance usability and security, but their standalone effectiveness — and interplay with physical
design — remains underexamined in Middle Eastern dense neighbourhoods. This study addresses that
gap by evaluating the relative contributions of micro-scale green design, lighting and furniture, and
the mediating/moderating roles of smart technologies, in shaping social interaction, perceived safety
and overall satisfaction in District 10 of Tehran — an area characterized by high population density and
relatively low green-space per capita.

Materials and Methods: We used an explanatory sequential mixed-methods design. The
guantitative strand involved a structured questionnaire of 35 items (physical design, technology,
social behaviour, demographics) administered face-to-face to 300 regular users across three focal public
locales in District 10. Sampling applied stratified cluster procedures to ensure spatial and demographic
coverage. Psychometricassessmentincluded exploratory factor analysis (Principal Axis Factoring, Oblimin)
and confirmatory factor analysis (AMOS). Reliability metrics reported Cronbach’s a for key constructs
(social behaviour = 0.88; physical design = 0.82; technology = 0.78; overall = 0.85). Hypotheses regarding
direct and indirect paths were tested using multiple regression and SEM. Moderation and mediation
were assessed with Hayes’” PROCESS macro (bootstrap = 5,000). The qualitative strand comprised 15
semi-structured interviews (local residents, urban designers, municipal managers), transcribed and
coded thematically (Braun & Clarke method) to surface mechanisms and participant perspectives that
explain quantitative patterns. Data integration emphasised convergence and explanation of statistical
effects by qualitative themes.

Findings: Measurement diagnostics supported the three-factor structure (KMO = 0.824; Bartlett’s test
p <0.001). EFA and CFA confirmed coherent latent constructs; CFA/SEM fit indices were acceptable (x¥
df = 2.2-2.4; CFl = 0.936-0.944; TLI = 0.918-0.927; RMSEA = 0.049-0.054). Multiple regression indicated
that micro-green measures explained the largest share of variance in social interaction (B = 0.415; R?
= 0.61). Lighting (B = 0.312) and modular furniture (B = 0.241; p < 0.01) also contributed significantly.
PROCESS analysis demonstrated a statistically significant interaction between lighting and smart lighting
technologies: adaptive technologies amplified the lighting->perceived-safety effect (interaction 95%
Cl = [0.001, 0.046]). Mediation analysis showed that technology primarily influences social behaviour
indirectly via environmental satisfaction (indirect B = 0.19; 95% Cl [0.08-0.33]), rather than exerting
a strong independent direct effect. Qualitative themes substantiated quantitative findings: residents
reported increased dwell time and incidental encounters in greening-enhanced spots; adaptive lighting
and accountable surveillance practices improved nighttime presence; and smart furniture (charging
ports, connectivity nodes) improved functional comfort and prolonged stays — particularly when co-
located with vegetation and seating. Integration of quantitative and qualitative evidence supports a
layered causal logic where physical design forms the base, safety interventions stabilize presence, and
technology augments satisfaction and usability.

Discussion and Conclusion:This study demonstrates that in dense urban neighbourhoods, micro-
scale physical interventions—especially pocket greening—are the most effective levers for promoting
social interaction and dwell time. Lighting improvements enhance perceived safety, and adaptive lighting
technologies magnify this effect; however, technology seldom substitutes for robust physical design and
is most effective when embedded within an integrated design strategy that attends to equity of access.
Policy implications include prioritising pocket-scale greening, deploying adaptive LED lighting with
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transparency and governance safeguards for surveillance technologies, and integrating modular smart
furniture with public connectivity as part of a neighbourhood-level physical-digital design program.
Limitations include geographic focus on a single district, cross-sectional survey design, and reliance
on perceptual measures for some constructs; future research should test interventions longitudinally,
examine demographic moderators of technology effects, and evaluate cost-effectiveness of micro-scale
versus large-scale interventions. Overall, a hybrid physical-digital framework implemented with equity
safeguards can improve social outcomes in dense urban contexts.
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of urban design and technology therefore constitutes a critical priority in contemporary
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spaces, adaptive lighting, and interactive street furniture respectively exert the greatest
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revealed three overarching themes: (1) micro-scale green design that enhances
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