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Abstract
Everyday streets are fundamental social–spatial units of urban life that support resi-
dents, workers, and commuters through routine small-scale commercial services 
and the social interactions associated with them. The vitality of such streets—man-
ifested primarily in high-frequency consumption-related activities and associated 
pedestrian presence—constitutes a key component of sustainable and livable cities, 
particularly in daily-life-oriented urban environments. However, prior research has 
often treated the impact of streetscape design on street vitality as a direct effect, 
paying limited attention to the perceptual and cognitive pathways through which 
physical environments shape commercial activity patterns and pedestrian behav-
ior. Drawing on servicescape theory, this study investigates everyday streets within 
Wuhan’s Third Ring Road and integrates multiple sources of urban big data—in-
cluding OpenStreetMap, Baidu Street View images, Dazhong Dianping platform 
data, and China Unicom signaling data—to construct and test a mediation model 
linking streetscape design, commercial satisfaction, and commercially driven ev-
eryday street vitality. The results indicate that moderate vertical complexity at the 
streetscape skeleton level enhances commercially driven everyday street vitality 
via higher commercial satisfaction, whereas excessive enclosure reduces pedestrian 
activity. At the streetscape skin level, natural elements and pedestrian infrastructure 
tend to foster vitality when effectively coupled with commercial functions. Among 
perceptual factors, perceived beauty emerges as the primary perceptual driver, while 
perceived safety appears to function primarily as a threshold condition. By extend-
ing servicescape theory to open urban street environments, this study identifies 
commercial satisfaction as a critical cognitive–affective nexus linking streetscape 
design to collectively expressed, consumption-oriented everyday street vitality. The 
findings offer planning-relevant insights for designing vibrant, human-centered ev-
eryday streets oriented toward routine urban consumption.
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Introduction

Urban streets function not only as transportation corridors connecting different urban 
functions, but also as vital public spaces for human activity. Street vitality is widely 
recognized as a defining feature of sustainable and livable cities, and is commonly 
understood as a relational and emergent property of street environments, becoming 
observable through recurring patterns of human activity. In empirical research, street 
vitality is often manifested through a range of pedestrian activities, including discre-
tionary and social walking (i.e., non-commuting walking), as well as static activities 
such as lingering, resting, socializing, and consuming (Gehl, 2003).

While street vitality is frequently discussed as a broad social concept encompass-
ing diverse forms of movement, interaction, and public life, everyday streets operate 
under a more specific behavioral logic. On such streets, vitality is primarily generated 
through routine, small-scale commercial activities embedded in daily life, which pro-
duce high-frequency pedestrian presence, repeated visits, and associated behaviors 
such as lingering and informal social interaction. Accordingly, this study focuses on 
a specific subtype of street vitality—commercially driven everyday street vitality—
rather than the full spectrum of urban social vitality.

Embedded in the daily routines of residents, workers, and commuters, everyday 
streets typically accommodate small-scale commercial services such as food and 
beverage, retail, and entertainment. Through continuous ground-floor commercial 
spaces, active frontages, outdoor seating, and the informal vending (Istrate, 2025; 
Salazar-Miranda et al., 2022), they function as sites of routine economic exchange, 
meanwhile act as “generators of social life” (Gehl, 2003; Mehta, 2013). In this sense, 
commercial activity does not merely represent an economic function but provides a 
contextually grounded and behaviorally specific observational lens for examining 
everyday street vitality. Therefore, commercial activity is treated not as a surrogate 
for all social life on streets, but as a behaviorally grounded proxy for routine street 
use closely intertwined with everyday commercial practices.

As a context-specific manifestation of street vitality, everyday street vitality is 
theoretically rooted in a broader body of research examining how the built environ-
ment shapes patterns of pedestrian activity. Street vitality is an inherently multifac-
eted and scale-sensitive concept. At the macro level, particularly within planning and 
transportation research, vitality is often operationalized as accessibility-driven activ-
ity intensity, such as pedestrian volume or other density-based indicators of activ-
ity potential. Influential theories, like the 5D framework (density, diversity, design, 
destination accessibility, and distance to transit), have demonstrated association 
between morphological, accessibility-related, and affordance-based attributes of the 
built environment and the intensity and distribution of pedestrian activities (Ewing 
& Cervero, 2010). Although the 5D framework is behavior-neutral and does not dis-
tinguish activity purposes, its design-related dimensions are particularly relevant 
for understanding routine, consumption-oriented street use in everyday contexts. At 
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the meso- and micro-levels, however, street vitality is more commonly understood 
through the characteristics of pedestrian activity itself, including activity type, dura-
tion, frequency, density, and the presence of static and social behaviors. These dimen-
sions reflect not only movement but also the quality and persistence of street use, 
capturing how streets are experienced and inhabited in everyday life. Classic urban 
theories—such as mixed land-use emphasized by Jacobs (1961), image of the city 
proposed by Lynch (1964), and the human-centered design principles advanced by 
Whyte (1980) and Gehl (2003)—have long established the linkage between urban 
form and pedestrian activities through qualitative research. With the rapid develop-
ment of multi-source urban big data—such as mobile phone signaling, street-view 
imagery, place of interest (POI) data, and OpenStreetMap (OSM) datasets—recent 
studies have advanced the empirical measurement of urban form and commercially 
relevant street vitality with unprecedented spatial and temporal resolution (Ewing & 
Handy, 2009; Jiang et al., 2025). These data-driven approaches have enabled fine-
grained analyses linking pedestrian activity patterns associated with routine street use 
to human-scale urban form, particularly streetscape design features (Ye et al., 2018; 
Zhang et al., 2023).

Despite these methodological advances, a critical theoretical gap remains in 
explaining how streetscape design translates into street vitality, especially in the con-
text of everyday streets. Much of the existing literature conceptualizes the impact of 
streetscape design as a direct effect, positioning spatial form as an external constraint 
or preference shaping pedestrian activity patterns. As a result, everyday street vital-
ity is often interpreted as a spatial projection derived from “black-box” correlations, 
with limited attention to the perceptual and cognitive processes mediating this rela-
tionship. Empirical work in this vein has primarily focused on two primary dimen-
sions of streetscape design: the streetscape skeleton (the three-dimensional spatial 
framework formed by buildings, trees, and other large adjacent elements) (Harvey & 
Aultman-Hall, 2016; Zhang et al., 2023) and the streetscape skin (the finest grain of 
details that texture the medium-scale skeleton) (Zhou et al., 2022).

Servicescape theory proposed by Bitner (1992) provides a compelling lens for 
modeling and explaining the mediating pathways between streetscape design and 
everyday street vitality. Originally developed to explain how physical cues in indoor 
commercial settings (e.g., stores, restaurants) influence users’ cognition, affect, and 
behavioral responses (e.g., consumption, staying, repeat visits, word-of-mouth), the 
theory establishes a structured framework linking physical environment to behav-
ioral outcomes via psychological processes. Recent studies have extended services-
cape theory to outdoor urban environments (C. Han et al. 2025a, b; Koo et al. 2023), 
suggesting that adjacent streetscapes function as open service settings that influence 
users’ affective and cognitive experiences throughout walking and static activity 
stages, thus shaping approach or avoidance tendencies. In the context of everyday 
streets, where pedestrian activity is closely intertwined with small-scale, routine 
commercial use, several contextual characteristics are particularly salient: the rela-
tive homogeneity of commercial structures (small-scale daily services), the stability 
of user groups (e.g., local residents, workers, and commuters), and the high level of 
environmental familiarity (frequent interactions) (Gehl, 2003; Mehta, 2013). Under 
such conditions, commercial satisfaction—reflecting users’ integrated affective and 
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cognitive evaluations of routine street-based commercial experiences—may serve 
as a key psychological mediator linking streetscape design to observable patterns of 
commercially driven street use. Prior research has shown that commercial satisfac-
tion is closely associated with staying behavior, repeat visits, and recommendation 
intentions (Cronin Jr et al., 2000; C. Han et al. 2025a, b), suggesting its relevance for 
understanding the persistence and continuity, rather than the momentary presence of 
everyday street vitality.

Building on these insights, this study employs servicescape theory as the con-
ceptual framework to construct and evaluate a mediation model linking streetscape 
design, commercial satisfaction, and commercially driven everyday street vitality. 
Focusing on everyday street segments within Wuhan’s Third Ring Road, we integrate 
multi-source urban big data—including OpenStreetMap, Baidu Street View images, 
Dazhong Dianping platform data, and China Unicom signaling data—to compre-
hensively quantify the elements within the mediation model and examine the entire 
theoretically informed structure at scale. The goal is to provide a unified, efficient, 
and human-centered analytical perspective for the design and activation of everyday 
streets.

This study makes three contributions. First, theoretically, it extends services-
cape theory from indoor commercial environments to open street spaces, offer-
ing a structured framework for explaining the psychological pathway underlying 
everyday street vitality and enriching the conceptualization of the “space–percep-
tion–behavior” relationship. Second, empirically, through multi-source big data inte-
gration and mediation analysis, it demonstrates the mediating role of commercial 
satisfaction between streetscape design and everyday street vitality, advancing street 
vitality research beyond correlational description toward pathway-oriented expla-
nation. Third, practically, the findings provide planning-relevant insights for urban 
planning and everyday street design by highlighting how the configuration of both 
the streetscape skeleton and streetscape skin is associated with higher commercial 
satisfaction and, in turn, supports sustained everyday street vitality with a human-
centered and evidence-informed design perspective.

Literature Review

Direct Evidence from Urban Form to Street Vitality

Built Environment and Street Vitality in Everyday Contexts

The relationship between the built environment and street vitality lies at the core of 
urban planning and design, transport studies, behavioral geography, and environmen-
tal behavior research, with street vitality commonly examined through observable 
patterns of pedestrian use and activity intensity. Classical urban theories have long 
emphasized that frequent pedestrian presence and spatial use associated with routine, 
small-scale commercial activities constitute observable manifestations of street vital-
ity, particularly at the neighborhood and everyday street scales (Gehl, 2003; Jacobs, 
1961; Montgomery & John, 1998; Ye et al., 2018). In everyday, life-oriented urban 
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contexts, street vitality is often commercially driven, and is expressed through walk-
ing, lingering, and other low-threshold activities embedded in routine daily practices, 
reflecting the degree to which streets support continuous use, consumption-related 
presence, and opportunities for social encounter.

Early empirical studies, drawing on travel behavior research, highlighted the 
importance of density, diversity, and design—the 3D elements—in shaping aggre-
gated pedestrian activity patterns. High-density, mixed-use, and well-designed built 
environments were shown to reduce automobile dependence and encourage walking 
and public transit use, thereby increasing everyday street-level activity (Robert et 
al., 1997). Subsequent work incorporated destination accessibility and distance to 
transit, forming the widely applied 5D framework linking built environment attri-
butes to street-level activity intensity, which has often been interpreted as a proxy 
for street vitality in a broad, behavior-aggregated sense (Ewing & Cervero, 2010). 
Within the 5D framework, vitality is generally conceptualized as a composite out-
come of functional affordances (e.g., FAR, POI density, building coverage, func-
tional mix measured by POI entropy), transportation accessibility (e.g., population 
and employment densities, spatial location, street network connectivity), and design 
features, without explicit differentiation of activity purposes or behavioral motiva-
tions. Empirically, vitality is reflected not only in walking trips but also in discretion-
ary and social behaviors such as strolling, window shopping, chatting, resting, and 
consuming—activities that collectively constitute everyday street life, particularly on 
streets shaped by routine, small-scale commercial use (Gehl, 2003).

While the above literature typically conceptualizes street vitality in a broad sense, 
encompassing multiple forms of social, recreational, and mobility-related activities, 
recent studies increasingly suggest that, on everyday neighborhood streets, routine 
consumption-related activities form a dominant and structurally embedded com-
ponent of observed vitality. Regular visits to food services, retail shops, and daily 
service facilities generate high-frequency pedestrian presence and repeated street 
use, thereby structurally sustaining lingering, informal social interaction, and non-
commuting movement. Accordingly, this study focuses on a specific subtype of street 
vitality—commercially driven everyday street vitality, defined by the intensity and 
continuity of street use generated through routine commercial practices—rather 
than the full spectrum of urban social vitality. This conceptual narrowing aligns the 
theoretical framework with empirical indicators derived from consumption-related 
behavioral data.

It is important to note that the 5D framework itself is largely behavior-neutral and 
has been widely applied to explain overall pedestrian activity without systematically 
distinguishing between activity purposes. However, its design-related dimensions are 
particularly relevant for understanding how physical environments support routine, 
consumption-oriented street use in everyday contexts. As such, the present study 
draws on the 5D tradition as an explanatory framework, while explicitly situating 
street vitality within the domain of commercially driven everyday activity.

1 3

Page 5 of 34     86 



C. Luo et al.

Streetscape Design Features Related to Pedestrian Activity

At the street level, human-scale built environment attributes are referred to as the 
streetscape, defined as the spatial arrangement of architectural and landscape fea-
tures, street furniture, and visual appearance as perceived from the street view 
(Tucker et al., 2005). As the most immediate interface between people and the built 
environment, streetscape design plays a critical role in shaping everyday street use, 
particularly activities associated with walking, lingering, and routine consumption 
embedded in daily practices.

Research on the influence of streetscape design on pedestrian activity can be 
traced back to humanistic critiques of rationalist planning. Jacobs (1961) emphasized 
small blocks, “eyes on the street” and mixed uses as essential conditions for vibrant 
street life, while Lynch (1964) introduced the five-element framework—nodes, land-
marks, districts, paths, and edges—to demonstrate how street morphology affects 
legibility, aesthetics, urban imageability, and wayfinding. Subsequent studies pro-
posed more specific indicators, such as building–street relationships and aspect ratios 
(Ashihara, 1986), informal seating opportunities along active edges (Whyte, 1980), 
and active frontages and comfort-enhancing elements such as shading and wind pro-
tection (Gehl, 2003). Together, these classic contributions collectively established a 
foundational understanding of how streetscape design supports everyday street use 
and vitality, with pedestrian activity serving as a primary observable manifestation of 
street vitality at the everyday scale.

In recent decades, advances in multi-source urban big data have enabled research-
ers to “measure the unmeasurable.” Through video-based documentation and 
expert ratings, Ewing and Handy (2009) identified five streetscape design quali-
ties significantly associated with walkability: imageability, enclosure, human scale, 
transparency, and complexity. Subsequent work has further refined the empirical 
understanding of how streetscape design influences street-level activity across dif-
ferent spatial scales.

(1)	 Meso-scale: The Streetscape Skeleton.

At the meso-scale, streetscape design is often conceptualized as the streetscape skel-
eton, referring to the three-dimensional structural framework formed by buildings, 
trees, and other large adjacent elements that define the spatial enclosure of the street 
(Harvey & Aultman-Hall, 2016; Zhang et al., 2023). Empirical studies show that 
reducing building setbacks, continuous street walls, and the presence of mid- to high-
rise buildings and street trees contribute to more enclosed street spaces that evoke the 
sense of being in an “outdoor room,” enhancing comfort and attractiveness (Ewing 
& Handy, 2009; Liu et al., 2025).

Such enclosed and visually complex streetscapes have been shown to not only 
improve perceived safety but also encourage slower movement, discretionary walk-
ing, and longer staying times—behavioral patterns that are closely aligned with rou-
tine consumption-oriented pedestrian activity (Dumbaugh & Rae, 2009; Harvey et 
al., 2015). Moreover, three-dimensional variations in building height, facade artic-
ulation, and street curvature significantly encourage non-commuting walking and 
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exploratory movement (Ewing & Handy, 2009; Zhou et al., 2022). These characteris-
tics are particularly relevant for commercially oriented everyday streets, where visual 
interest and spatial enclosure enhance storefront visibility, walking continuity, and 
the likelihood of spontaneous consumption.

(2)	 Micro-scale: The Streetscape Skin.

At the micro scale, streetscape design is conceptualized as streetscape skin, refer-
ring to fine-grained texture elements that overlay the streetscape skeleton, including 
natural features, surface materials, and pedestrian infrastructure (Zhou et al., 2022). A 
growing body of research indicates that natural elements can promote non-commut-
ing walking and lingering under specific functional and spatial conditions. Higher 
green-view index (GVI) enhance visual pleasure, reduce stress, and increase linger-
ing and slow-movement and staying behaviors (Kumakoshi et al., 2020). Similarly, 
appropriate sky view index (SVI) improves natural lighting and perceived safety, 
further supporting everyday walking and street use (Sakamoto et al., 2023). Water 
features have been associated with increased recreational walking, longer staying 
time, and enhanced perceived accessibility (Gascon et al., 2017). However, these 
effects are highly context-dependent and may vary across street functions, commer-
cial intensity, and user groups.

In parallel, pedestrian infrastructure—such as sidewalk width and continuity, traf-
fic signals, buffers between sidewalks and roadways, and streetlights—has been con-
sistently shown to improve walking comfort and perceived safety (Painter, 1996; 
Stutts et al., 1996). In contrast, high traffic volumes and vehicle speeds reduce pedes-
trians’ perceived safety and willingness to walk, and are associated with increased 
injury and fatality risks, thereby suppressing walking, lingering and consumption-
related street activities (Soto et al., 2022).

Overall, existing studies demonstrate that both the streetscape skeleton and the 
streetscape skin shape pedestrian experiences through perceived safety, visual qual-
ity, and comfort (Alfonzo, 2005; Owen et al., 2004; R. Wang et al. 2025a, b, c). 
These experiential qualities are especially important for commercially driven every-
day street vitality, as routine consumption relies on repeated visits, slow-paced move-
ment, and short-term staying behaviors. Nevertheless, much of the existing research 
continues to focus on the direct link between streetscape design and aggregated mea-
sures of street vitality (Zhang et al., 2018, 2023; Zhou et al., 2022), often treating 
vitality as a spatial projection of physical form revealed through spatial regression 
or machine-learning models (Gebru et al., 2017; Ma et al., 2019; Zhou et al., 2022). 
Such approaches tend to overlook the psychological mediation patterns through 
which perception and cognition translate streetscape design into specific patterns of 
commercially oriented street use—a gap that the present study seeks to address.
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Streetscape as Servicescape: A Satisfaction-based Mediation Pathway

The S–O–R Framework and Servicescape Theory

Unlike the traditional stimulus–response (S–R) paradigm commonly adopted in 
urban planning, urban design and transportation studies, research in environmental 
psychology and behavioral geography emphasizes the indirect and mediated nature 
of space–behavior relationships. Rooted in the Stimulus–Organism–Response (S–O–
R) model (Mehrabian & Russell, 1974), early studies highlighted an affect-first path-
way, suggesting that environmental cues primarily trigger affective responses, which 
subsequently shape cognitive evaluations and behavioral intentions. Later arguments 
stressed that individuals may also form cognitive judgements prior to affective reac-
tions (Lazarus, 1991; Oliver, 1993), constituting a cognition-first pathway. More 
recent perspectives increasingly acknowledge that affective and cognitive processes 
interact or operate in parallel, jointly influencing behavioral outcomes across differ-
ent temporal scales, behavioral types, and situational contexts (Kahneman, 2011). 
This evolving understanding provides a robust theoretical basis for modeling satis-
faction as an integrative cognitive–affective mediator between environmental stimuli 
and behavioral responses.

Servicescape theory extends the S–O–R framework to commercial service envi-
ronments (Bitner, 1992). The term “Servicescape” refers to the physical and symbolic 
environmental cues that shape users’ perceptions, evaluations, and behaviors within 
service settings. Research has traditionally focused on indoor physical attributes—
such as aesthetics, cleanliness, spatial layout, music, sound, temperature, scent, and 
lighting—that fall within managerial control (Ryu & Han, 2010). These physical fea-
tures influence satisfaction through both affective atmospherics and functional evalu-
ations (Cronin Jr et al., 2000; Mari & Poggesi, 2013). Affective perceptions capture 
immediate emotional experiences (e.g., safety, pleasure, beauty), while functional 
cognition reflects rational evaluations of utility, order, and value. The two processes 
are mutually reinforcing: positive affect enhances perceived environmental quality, 
and coherent functional organization further strengthens affective experience (Lin & 
Mattila, 2010). Together, they shape overall satisfaction, which mediates approach or 
avoidance behaviors such as staying, revisiting, and recommending (Bitner, 1992). 
Through this affect–cognition co-construction pathway, satisfaction becomes a key 
mediator linking servicescape attributes and behavioral outcomes.

Streetscape as an Expanded Servicescape: An Indirect Framework from Form to 
Everyday Street Vitality

Landscape may be conceptualized narrowly as an interior or bounded setting, or 
more broadly at the scale of cities and towns (Hall, 2014). As essential public activity 
spaces, urban streets can be regarded as an expanded and open form of servicescape. 
Throughout the stages of initiation, continuation, and termination of pedestrian activ-
ity, the streetscape shapes users’ affective experiences and functional evaluations, 
which jointly influence behavioral tendencies such as approaching, lingering, routine 
consuming, or avoiding.
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Cross-disciplinary research bridging service marketing and urban planning first 
examined the link between streetscape and customer satisfaction. Survey-based 
studies show that streetscape design affects perceived product quality, shopping 
enjoyment, and consumption intentions (Yüksel, 2013). Hahm et al. (2019) further 
demonstrate that high-quality streetscapes enhance behavioral intentions not only 
directly but also by increasing permeability and accessibility to adjacent ground-floor 
commercial uses. With the growing availability of multi-source urban big data, recent 
studies have begun to quantitatively test the applicability of servicescape theory in 
outdoor street contexts. For example, Koo et al. (2023) show that enclosed street 
views, greenery, and buffered sidewalks promote customer satisfaction and enhance 
local commercial attractiveness, while C. Han et al. (2025a, b) find that customers’ 
satisfaction with dining establishments reflects the combined influence of interior 
aesthetics, adjacent streetscape, and neighborhood characteristics. These studies col-
lectively provide empirical support for extending servicescape theory to open street 
settings and for modeling indirect pathways linking streetscape design to commercial 
activity outcomes.

In the context of everyday streets—life-oriented street segments embedded in 
residents’, workers’, and commuters’ daily routines—commercial functions play a 
structurally central role in shaping street use. Such streets are typically characterized 
by relatively homogeneous small-scale commercial formats, stable user groups, and 
high environmental familiarity. Everyday streets function not only as transactional 
spaces but also as “generators of social life” (Gehl, 2003; Mehta, 2013). Continuous 
ground-floor commercial frontage, open facades, sidewalk dining, and the presence 
of informal vendors blur the boundary between public and private realms, allowing 
walking, lingering, socializing, and consumption to interweave (Istrate, 2025; Sala-
zar-Miranda et al., 2022). Unlike landmark or tourist streets, whose vitality is often 
driven by episodic events or symbolic attraction, vitality on everyday streets arises 
primarily from repetitive, purposive, and socially embedded commercial practices. 
Its intensity is therefore closely tied to the frequent use of daily commercial functions 
and the social interactions they generate (Gehl, 2003; Mehta, 2013), forming stable 
and observable patterns over time (Istrate, 2025; Zheng et al., 2024).

While affective perceptions and functional cognition may fluctuate at the individual 
level, their aggregated expressions at the collective level on everyday streets—where 
commercial structures are similar, user composition is stable, and repeated exposure 
is common—tend to exhibit structural regularity. In this sense, street-level commer-
cial satisfaction can be interpreted as an accumulated outcome of dynamic affective 
and cognitive processes over repeated encounters. It reflects residents’, commuters’, 
and workers’ integrated evaluations of commercial services, spatial ambiance, and 
product quality. This collective evaluative outcome in turn conditions purposive visi-
tation, repeated consumption, and local word-of-mouth diffusion, thereby influencing 
the continuity and persistence of commercially driven everyday street vitality.

Unlike residential neighborhoods or long-term place-based community environ-
ments, everyday streets are open and fluid public spaces in which pedestrian activi-
ties are frequent yet highly situational. Satisfaction in this context is therefore better 
understood as an evaluative response to repeated service encounters rather than as 
an expression of deep place attachment or identity formation (Sirgy & Cornwell, 
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2002). Accordingly, the psychological pathways examined in this study emphasizes 
situational affective perception and accumulated functional cognition associated with 
street-level commercial experiences, rather than long-term emotional bonding with 
place.

Multi-source Urban Big Data and Computational Advances Supporting 
Streetscape–everyday Street Vitality Research

In recent years, the integration of open digital maps, street-view imagery, spatial 
big data, and behavioral data—together with breakthroughs in spatial and percep-
tual computing—has made it possible to examine both the direct and indirect rela-
tionships between streetscape design attributes and everyday street vitality at large 
scales. These developments enable the systematic quantification of physical form, 
perceptual experience, and consumption-related behavior within a unified analytical 
framework.

Systematic Extraction of Streetscape Design Features

As the material foundation shaping both the pedestrian behavior and psychological 
perceptions on streets, the features of the streetscape design have become increas-
ingly accessible through the combination of open spatial data and deep-learning 
methods. Research drawing on OSM, POI, and municipal geospatial platforms has 
enabled systematic characterization of street-level density (e.g., POI density), func-
tional diversity (e.g., Shannon entropy), accessibility (e.g., proximity and connectiv-
ity), and three-dimensional attributes of the Streetscape skeleton (Zhang et al., 2023; 
Zhou et al., 2022).Meanwhile, deep-learning analysis of street-view imagery allows 
fine-grained quantification of streetscape skin variables such as green-view index, 
sky openness, visual dominance of motor vehicles, and visibility of water bodies 
(Nice et al., 2020; Wang et al., 2019; Zhou et al., 2022).

These developments enable human-scale built-environment characteristics to be 
measured systematically, thereby providing objective physical inputs and compa-
rable spatial indicators for empirical studies on streetscape design–everyday street 
vitality relationships.

Large-scale Measurement of Spatial Perception and Commercial Satisfaction

Perception and cognition constitute the core psychological processes within the 
S–O–R framework. Early environmental psychology and behavior studies relied 
mainly on surveys and interviews to measure environmental perception and satis-
faction. With the rise of data mining, computer vision, and perceptual computing, 
researchers can now model collective psychological responses across broader spa-
tial and temporal scales. Street-view images from platforms such as Google Street 
View and Baidu Street View has facilitated large-sample assessments of perceived 
beauty, safety, and visual quality through crowdsourced ratings and machine-learning 
predictions (Dubey et al., 2016; Naik et al., 2014; Zhang et al., 2018). Meanwhile, 
user-generated content (UGC) from commercial review platforms—such as Dazhong 
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Dianping and Yelp—has been widely used to capture aggregated commercial sat-
isfaction, reflecting users’ integrated evaluations of service quality, ambiance, and 
functional performance (Koo et al., 2023; Tripathi et al., 2022; Zhang et al., 2023).

Empirical evidence suggests that such UGC-based satisfaction measures are 
strongly associated with revisit intention, dwell time, and consumption intensity, and 
thus provide effective proxies for collective cognitive–affective evaluations of street-
level commercial environments (Wang et al. 2025a, b, c).

Measuring Everyday Street Vitality Using Behavioral Data

On the behavioral side, location-based services (LBS), together with social media 
check-ins, comments, sensor monitoring, and Wi-Fi connection logs, provide 
multi-source datasets describing pedestrian volume, visitation frequency, and con-
sumption-related activity at the street scale. These indicators primarily capture 
consumption-oriented and visitation-based activity, rather than the full spectrum of 
social or civic street vitality. Compared with traditional surveys or manual counts, 
these data capture everyday street use with higher spatial and temporal resolution 
and are widely regarded as reliable proxies for commercially driven everyday street 
vitality in contemporary urban research (Liwei et al., 2025; Long & Huang, 2019; Ye 
et al., 2018).

When interpreted within clearly defined conceptual boundaries, consumption-
related behavioral indicators—such as review density or visitation frequency—offer 
contextually valid measures of commercially driven everyday street vitality.

Taken together, advances in multi-source urban big data and computational sci-
ence have created unprecedented opportunities to move beyond correlational analysis 
and to uncover the indirect psychological pathways through which streetscape design 
influences commercial satisfaction and, in turn, everyday street vitality.

Research Hypotheses

Grounded in servicescape theory, this study examines whether pedestrian-oriented 
streetscape design under everyday street conditions enhances commercial satisfaction 
and, through this cognitive-affective pathway, contributes to commercially driven 
everyday street vitality. Rather than conceptualizing vitality in a broad social or civic 
sense, this study defines vitality as the intensity and continuity of routine, consump-
tion-related street use embedded in daily urban life. Accordingly, the hypotheses are 
formulated as follows.

(1)	 H1: Pedestrian-oriented streetscape design is positively associated with street-
level commercial satisfaction.

H1a: Greater enclosure of the streetscape skeleton is associated with higher 
street-level commercial satisfaction.
H1b: Higher geometric articulation of the streetscape skeleton is associated with 
higher street-level commercial satisfaction.
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H1c: The presence of natural elements in the streetscape skin is associated with 
higher street-level commercial satisfaction.
H1d: Better pedestrian infrastructure in the streetscape skin is associated with 
higher street-level commercial satisfaction.
H1e: Higher perceived safety generated by streetscape design is associated with 
higher street-level commercial satisfaction.
H1f: Higher perceived beauty generated by streetscape design is associated with 
higher street-level commercial satisfaction.

(2)	 H2: Pedestrian-oriented streetscape design exerts an indirect effect on commer-
cially driven everyday street vitality through increased street-level commercial 
satisfaction.

H2a: Enclosure of the streetscape skeleton is indirectly associated with commer-
cially driven everyday street vitality through commercial satisfaction.
H2b: Geometric articulation of the streetscape skeleton is indirectly associ-
ated with commercially driven everyday street vitality through commercial 
satisfaction.
H2c: Natural elements of the streetscape skin are indirectly associated with com-
mercially driven everyday street vitality through commercial satisfaction.
H2d: Pedestrian infrastructure of the streetscape skin is indirectly associated with 
commercially driven everyday street vitality through commercial satisfaction.
H2e: Perceived safety generated by streetscape design is indirectly associated with 
commercially driven everyday street vitality through commercial satisfaction.
H2f: Perceived beauty generated by streetscape design is indirectly associ-
ated with commercially driven everyday street vitality through commercial 
satisfaction.

Materials and Methods

Research Framework

Grounded in servicescape theory, this study investigates everyday street segments 
within the Third Ring Road of Wuhan, China. By integrating multi-source and het-
erogeneous urban big data—including OSM, Dazhong Dianping POI and user rat-
ings data, Baidu Street View images, and China Unicom mobile signaling data—we 
develop and empirically test a mediation framework linking streetscape design, 
street-level commercial satisfaction, and commercially driven everyday street vital-
ity (Fig. 1). This framework emphasizes the perceptual-cognitive pathways through 
which the built environment shapes routine consumption-oriented street, in contrast 
to event-driven or landmark urban spaces where vitality often arises from episodic 
gatherings, tourism, or large-scale public events.

In everyday streets, which primarily serve nearby residents, workers, and com-
muters, vitality emerges from habitual consumption activities rather than occasional 
social spectacles. Frequent visits to food services, retail shops, and local daily service 
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facilities generate high pedestrian presence and repeated street use, thereby struc-
turing non-commuting walking, lingering, and informal social interactions. Accord-
ingly, commercially driven everyday street vitality is operationalized as the spatial 
density of user reviews for lifestyle-oriented POIs within each street-buffer area, cap-
turing the intensity and continuity of routine consumption-oriented activity in high 
density urban contexts.

Street-level commercial satisfaction is conceptualized as a post-experience evalu-
ative judgment integrating both functional appraisal and affective impressions of 
commercial environments, rather than an immediate emotional reaction. Within the 
S–O–R framework, commercial satisfaction functions as a higher-order evaluative 
mediator, aggregating perceptual and cognitive responses to streetscape design. In 
everyday street contexts, repeated exposure and habitual use produce collective eval-
uations that influence purposive visitation, repeated consumption, and social interac-
tion patterns, thereby sustaining commercially driven street vitality over time.

Independent variables are systematically quantified across two streetscape 
dimensions:

(1)	 Streetscape skeleton (meso-scale structural framework): enclosure (building 
average height on both sides of the street, cross–section ratio, street wall con-
tinuity, streetscape enclosure index, and building number per unit street length) 
and geometric variability (variability of building height on both sides, variability 
of cross–section ratio, variability of the street width, and street sinuosity).

Fig. 1  Research Framework
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(2)	 Streetscape skin (micro-scale texture layer): natural elements (green view index, 
sky view index, and waterscape visibility) and pedestrian infrastructure (visual 
pavement ratio and visual vehicle ratio).

In addition, perceived safety and perceived beauty derived from Baidu Street View 
images are included as affective attributes, reflecting experiential responses to 
streetscape design.

To account for accessibility- and affordance-related influences, control variables 
include POI density, functional diversity, distance to city center, surrounding pop-
ulation density, and distance to the nearest metro station. Multicollinearity among 
predictors is assessed using Pearson correlation coefficients and variance inflation 
factors (VIF). Street-level review density is computed across multiple buffer radii 
(30, 40, 50, 60, and 70 m) to examine the spatial robustness of effects, and ordinary 
least squares (OLS) regression combined with bootstrap procedures is employed to 
test the mediation patterns through commercial satisfaction.

Given the cross-sectional nature of the data, the mediation analysis does not estab-
lish temporal causality. Rather, it examines whether observed associations among 
streetscape design features, commercial satisfaction, and commercially driven every-
day street vitality are consistent with a theoretically grounded S–O–R-mediated 
framework, with causal interpretations made cautiously.

Study Area

This study focuses on everyday street segments located within the Third Ring Road 
of Wuhan, Hubei Province. The area represents the core of Wuhan’s urban develop-
ment, forming an integrated spatial entity across historical, geographical, cultural, 
economic, and social dimensions (Fig. 2).

Based on the current land-use dataset, street centerlines, and Dazhong Dianping 
POI data, a total of 2,684 everyday street segments were identified within the study 
boundary through spatial analysis. Segments such as elevated expressways, tunnels, 
greenways, bridges, fully pedestrianized commercial streets, tourist streets, and inter-
nal roads of large institutional compounds were excluded. However, under-viaduct 
corridors that host everyday commercial activities were retained. The spatial distribu-
tion of the final sample street segments is illustrated in Fig. 3.

Fig. 2  Multi-scale Spatial Context of the Study Area: (a) National Context; (b) Hubei Provincial Con-
text; (c) Wuhan Metropolitan Context; (d) Core Area within Wuhan’s Third Ring Road
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Variable and Data Selection

Dependent Variable

The dependent variable, commercially driven everyday street vitality (Str_Vitality), 
is operationalized as the density of Dazhong Dianping user reviews for lifestyle-
oriented POIs (food services, retail, and local daily services) within each street-buffer 
area. Dazhong Dianping is one of China’s most influential platforms for evaluating 
on-site consumption, and review patterns have been shown to strongly correlate with 
offline consumption behaviors (Long & Huang, 2019; Zhang et al., 2023). While 
review density does not fully capture non-consumptive pedestrian activities such as 
informal social interaction or passive lingering, prior research suggests these behav-
iors often co-occur spatially and temporally with commercial activity (Gehl, 2003; 
Liwei et al., 2025; Long & Huang, 2019; Mehta, 2013; Ye et al., 2018). In everyday 
streets—where pedestrian movement, short-term staying, and consumption activi-

Fig. 3  Spatial distribution of everyday street segments within the Third Ring Road of Wuhan
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ties are highly intertwined—review density provides a contextually appropriate and 
empirically grounded proxy for routine, consumption-oriented street vitality.

Data were collected via the platform’s API, including POI categories, geographic 
coordinates, review counts, and user ratings, followed by cleaning to remove dupli-
cates and invalid entries. To mitigate biases related to buffer size or street-segment 
length, circular buffers with radii of 30, 40, 50, 60, and 70 m were constructed for 
each segment, and review densities were calculated for comparative analyses to iden-
tify the optimal spatial scale.

Independent Variables

Independent variables capture streetscape design features known to influence pedes-
trian activity, following the streetscape skeleton–skin framework and including affec-
tive perceptions of safety and beauty (Ewing & Handy, 2009; Zhang et al., 2023; 
Zhou et al., 2022).

Using OSM centerline and building-footprint data, Baidu Street View images, 
GIS-based spatial computation, and semantic segmentation via PSPNet trained 
on the ADE20K dataset, we quantify skeleton characteristics including enclosure 
(building average height on both sides of the street, cross–section ratio, street wall 
continuity, streetscape enclosure index, and building number per unit street length) 
and geometric variability (variability of building height on both sides, variability of 
cross–section ratio, variability of the street width, and street sinuosity) (Ewing & 
Cervero, 2010).

Features of the streetscape skin are quantified through natural elements (green 
view index, sky view index, and waterscape visibility) and pedestrian infrastructure 
(visual pavement ratio, visual vehicle ratio) (Koo et al., 2023; Zhou et al., 2022).

To extract affective perceptions, Baidu Street View images were further analyzed 
using the MIT Place Pulse dataset and a ResNet50 model to obtain perceived safety 
and beauty scores (Dubey et al., 2016; Naik et al., 2014).

Detailed computational formulas and procedures are summarized in Table A1, 
Appendix A.

Control variables

To account for functional affordances and accessibility, the following control vari-
ables are included:

(1)	 Destination accessibility, measured by:① straight-line distance from the street 
mid-point to the city center (Di_CC) (Duranton & Overman, 2005; Glaeser et 
al., 2001); ② surrounding population density (Popu_Dens), derived from China 
Unicom mobile signaling data within a 500 m buffer, averaged for non-holiday 
weekdays between 9 am and 10 pm.

(2)	 Distance to transit, measured by straight-line distance from the street mid-point 
to the nearest metro station (Di_Metro) (Zhang et al., 2023).

(3)	 Functional density, defined as Dazhong Dianping POI density within 50 m of the 
street centerline (Func_Dens) (Zhang et al., 2023).
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(4)	 Functional diversity, calculated by reclassifying Dazhong Dianping POIs into 
six categories—food services, retail, on-site lifestyle services, transport facili-
ties, cultural/entertainment, and other public services—and obtaining standard-
ized proportions within a 50 m buffer (Func_Div) (Wu et al., 2021; Zhang et al., 
2023).

Mediating Variable

The mediating variable, street-level commercial satisfaction (Func_Sa), is operation-
alized as the average user rating of lifestyle-oriented POIs within each street buffer. 
Ratings reflect cumulative evaluative judgments integrating functional appraisal and 
affective impressions of the commercial environment, rather than discrete emotional 
states. (Koo et al., 2023; Zhang et al., 2018).

In the S–O–R framework, commercial satisfaction serves as a higher-order evalu-
ative mediator, linking streetscape design (stimulus) to aggregated pedestrian behav-
ior (response). This conceptualization aligns with everyday street contexts, where 
repeated exposure and habitual use produce collective evaluations that influence pur-
posive visitation, repeated consumption, and social interaction patterns.

By integrating multi-source urban big data, this study systematically quantifies 
all components of the proposed mediation model and conducts large-scale empirical 
testing of the theoretically posited association structure linking streetscape design, 
commercial satisfaction, and commercially driven everyday street vitality. The frame-
work provides a unified, efficient, and human-centered approach for understanding 
how pedestrian-oriented streetscape design supports everyday streets vitality through 
commercially mediated pathway.

Result

Data processing

Descriptive statistics of all scalar variables are presented in Table 1. Prior to regres-
sion analysis, the distributions of key variables were examined using histograms and 
boxplots. Several variables—including average building height on both sides (Bui_
Hei), street wall continuity (StrW_C), street sinuosity (Str_Sin), cross-section ratio 
(Cr_sec)—exhibited right-skewed and long-tail distributions. To improve model reli-
ability and better satisfy the normality assumption underlying OLS regression, a log 
transformation of the form log([VAR] + 1) was applied to these variables. All subse-
quent analyses were conducted using the transformed values.

Preliminary Test

Pearson correlation coefficients and variance inflation factors (VIF) were used to 
assess multicollinearity among the explanatory variables. All pairwise correlation 
coefficients were below 0.8, and all VIF values were below 5 (see Appendix A Table 
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Table 1  Descriptive Statistics of Key Study Variables (N = 2,684)
Variable 
Type

Variable Data Source Mean SD Unit

Dependent
Variable

Str_Vitality

Buffer 30 m Dazhong Dianping 48,730.59 146,363.67 #/km²
Buffer 40 m Dazhong Dianping 53,812.89 148,171.31 #/km²
Buffer 50 m Dazhong Dianping 55,733.32 149,001.91 #/km²
Buffer 60 m Dazhong Dianping 56,029.75 147,660.56 #/km²
Buffer 70 m Dazhong Dianping 53,562.08 140,111.74 #/km²

Inde-
pendent 
Variables

Skeleton – Enclosure

Bui_Hei (Building Height) OSM 43.66 26.95 m
Cr_Sec (Cross Section Ratio) Baidu Street View 374.49 256.16 %
VIS_Enc (Landscape Enclosure) Baidu Street View 12.18 13.92 %
StrW_C (Street Wall Continuity) OSM 20.80 24.30 %
Bui_Num (Number of Buildings 
per length)

OSM 15.31 12.27 #/100m

Skeleton – Geometric Variability
Str_Sin (Street Sinuosity) OSM 99.42 2.30 %
V_Str_wi (Street Width 
Variation)

OSM 23.63 25.27 %

VHB (Building Height Variation) OSM 20.78 18.61 %
V_Cr_Sec (Cross Section Ratio 
Variation)

OSM 113.47 93.82 %

Skin – Natural Elements
GVI (Green View Index) Baidu Street View 14.74 10.63 %
SVI (Sky View Index) Baidu Street View 28.53 10.76 %
VIS_Wat (Waterscape Visibility) Baidu Street View 0.18 1.47 %
Skin – Pedestrian Infrastructure
VIS_Pav (Visual Pavement 
Ratio)

Baidu Street View 6.68 56.79 %

VIS_Veh (Visual Vehicle Ratio) Baidu Street View 11.76 9.05 %
Affective Perception
Emo_Beauty (Perceived Beauty) Baidu Street View 4.85 0.07 –
Emo_Safety (Perceived Safety) Baidu Street View 3.06 0.09 –

Control 
Variables

Di_CC (Distance to City Center) OSM 7.20 3.25 km

Di_Metro (Distance to Metro 
Station)

OSM 695.66 552.97 m

Popu_Dens (Population Density) China Unicom 
Mobile Signal

12,608.77 9,518.96 #/km²

Func_Dens (Functional Density) Dazhong Dianping 9,282.26 9,613.45 #/km²
Func_Div (Functional Diversity) Dazhong Dianping 0.5695 0.2066 –

Mediating 
Variables

Func_Sa (Commercial 
Satisfaction)

Dazhong Dianping 3.69 0.27 –

N = 2,684
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A2), indicating that multicollinearity was not a concern and that the regression speci-
fications were statistically acceptable.

Multistep Linear Regression

Before conducting mediation analysis, the robustness of buffer radius selection was 
evaluated with respect to spatial segmentation and the calculation of online review 
density. As shown in Table 2, multistep regression results indicate that enlarging the 
buffer radius from 30 m gradually increases the number of streetscape variables sig-
nificantly associated with review density. The number stabilizes around a radius of 
50 m. Specifically, when the radius increases from 50 m to 60 m, improvements in R² 
and adjusted R² are marginal; however, expanding the radius to 70 m reduces model 
fit and introduces noticeable fluctuations, suggesting potential spatial noise and spill-
over effects from adjacent street segments.

Based on these results—and to balance spatial sensitivity with statistical sta-
bility—this study adopts 50 m as the primary buffer radius for the construction of 
streetscape indicators. The results for 30 m, 40 m, 60 m, and 70 m are retained for 
subsequent robustness testing.

Mediation Path Analysis

To clarify the interpretation of mediation effects, this study distinguishes between 
partial and full mediation based on the statistical significance of the indirect and 
direct pathways estimated through bootstrap procedures. Following standard media-
tion analysis conventions (Hayes, 2013), a full mediation pattern is identified when 
the indirect effect through commercial satisfaction is statistically significant while 
the direct effect of the independent variable on commercially driven everyday street 
vitality becomes statistically insignificant. Partial mediation is identified when both 
the indirect and direct effects remain statistically significant. When neither pathway 
is statistically significant, no mediation relationship is considered to exist.

OLS regression combined with bootstrap procedures was employed to examine 
whether features of the streetscape skeleton and streetscape skin influence commer-
cially driven everyday street vitality through street-level commercial satisfaction 
(Table 3; Fig. 4). The results are summarized below.

(1)	 Streetscape Skeleton.

Enclosure-related variables generally show negative associations with commercial 
satisfaction, with the strongest and statistically significant effects observed for aver-
age building height and building number per length. In the mediation tests, average 
building height demonstrates significantly negative indirect, direct, and total effects, 

N = 2684 30 m 
buffer

40 m 
buffer

50 m 
buffer

60 m 
buffer

70 m 
buffer

R2 0.207 0.266 0.293 0.297 0.321
Adjust R2 0.201 0.260 0.287 0.292 0.315

Table 2  Model Fit across 
Spatial Scales: R2 and Adjust R2 
Values for Regression Models 
at Varying Buffer Radii (30 m, 
40 m, 50 m, 60 m, 70 m)
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indicating a negative partial mediation pattern via commercial satisfaction. Build-
ing number per length shows significant negative indirect and total effects, while 
its direct effect is negative but statistically insignificant, suggesting a full mediation 
pattern through commercial satisfaction. For landscape enclosure, cross-section ratio, 

Table 3  Mediating Effect of Commercial Satisfaction on the Relationship between Streetscape Design and 
Commercially Driven Everyday Street Vitality
Mediation Path Stan-

dardized 
Indirect 
Effect

95% CI Direct Effect 95% CI Total Effect 95% CI

Skeleton – Enclosure
Bui_hei -> Func_Sa 
-> Str_Vitality

-0.0156* [-0.0288, 
-0.0036]

-0.0839** [-0.1403, 
-0.0316]

-0.0995*** [-0.1573, 
-0.0452]

Cr_Sec -> Func_Sa 
-> Str_Vitality

-0.0040 [-00164, 
0.0083]

-0.0023 [-0.0551, 
0.0530]

-0.0064 [-0.0597, 
0.0491]

VIS_Enc -> Func_Sa 
-> Str_Vitality

-0.0055 [-0.0141, 
0.0023]

-0.0259 [-0.0659, 
0.0165]

-0.0314 [-0.0717, 
0.0115]

StrW_C -> Func_Sa 
-> Str_Vitality

-0.0058 [-0.0116, 
0.0001]

-0.0048 [-0.0428, 
0.0329]

-0.0106 [-0.0496, 
0.0275]

Bui_Num -> Func_Sa 
-> Str_Vitality

-0.0105* [-0.0203, 
-0.0018]

-0.0420 [-0.0893, 
0.0088]

-0.0524* [-0.1007, 
-0.0016]

Skeleton – Geometric Variability
Str_Sin -> Func_Sa 
-> Str_Vitality

-0.0052 [-0.0117, 
0.0010]

-0.0027 [-0.0213, 
0.0161]

-0.0079 [-0.0263, 
0.0114]

V_Str_wi -> Func_Sa 
-> Str_Vitality

0.0017 [-0.0041, 
0.0083]

0.0333 [-0.0071, 
0.0764]

0.0350 [-0.0057, 
0.0779]

VHB -> Func_Sa -> 
Str_Vitality

0.0318*** [0.0203, 
0.0446]

0.0277 [-0.0249, 
0.0807]

0.0595* [0.0056, 
0.1157]

V_Cr_Sec -> Func_
Sa -> Str_Vitality

0.0172** [0.0077, 
0.0282]

-0.0048 [-0.0551, 
0.0464]

0.0124 [-0.0380, 
0.0641]

Skin – Natural Elements
GVI -> Func_Sa -> 
Str_Vitality

-0.0049 [-0.0131, 
0.0024]

-0.0053 [-0.0769, 
0.0179]

-0.0338 [-0.0828, 
0.0126]

SVI -> Func_Sa -> 
Str_Vitality

-0.0104* [-0.0207, 
-0.0010]

-0.0747 [-0.1487, 
-0.0073]

-0.0851* [-0.1576, 
-0.0168]

VIS_Wat -> Func_Sa 
-> Str_Vitality

-0.0005 [-0.0059, 
0.0055]

-0.0137* [-0.0249, 
-0.0014]

-0.0143* [-0.0258, 
-0.0007]

Skin – Pedestrian Infrastructure
VIS_Pav -> Func_Sa 
-> Str_Vitality

-0.0022 [-0.0065, 
0.0038]

-0.0202 ** [-0.0353, 
-0.0051]

-0.0224** [-0.0371, 
-0.0078]

VIS_Veh -> Func_Sa 
-> Str_Vitality

-0.0035 [-0.0107, 
0.0032]

-0.0532* [-0.0888, 
-0.0169]

-0.0567** [-0.0921, 
-0.0201]

Affective perception
Emo_Safety -> Func_
Sa -> Str_Vitality

-0.0038 [-0.0106, 
0.0026]

0.0281 [-0.0060, 
0.0649]

0.0243 [-0.0106, 
0.0619]

Emo_Beauty 
-> Func_Sa -> 
Str_Vitality

0.0082* [0.0013, 
0.0156]

0.0164 [-0.0231, 
0.0565]

0.0246 [-0.0157, 
0.0662]

*p < 0.05
**p < 0.01
***p < 0.001
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and street wall continuity, the indirect, direct, and total effects are negative but statis-
tically insignificant, indicating no significant mediation relationship.

Among the geometric variability variables, building-height variation and cross-
section ratio variation exhibit significant positive effects on commercial satisfaction, 
while the remaining variables are not statistically significant. In the mediation analy-
sis, the indirect effects of street sinuosity and street-width variation are insignificant, 
indicating no mediation relationship. By contrast, the indirect effects of building-
height variation and cross-section ratio variation are significantly positive, while 
their direct effects are insignificant, indicating full mediation.

Overall, streetscape skeleton characteristics exhibit a clear structural differentia-
tion: enclosure-related attributes tend to suppress commercial satisfaction and thereby 
indirectly reduce commercially driven everyday street vitality, whereas vertical vari-
ability functions as a positive contributor, primarily through indirect pathways medi-
ated by commercial satisfaction.

Fig. 4  Conceptual Path Model: The Mediating Role of Commercial Satisfaction between Streetscape 
Design Features and Commercially Driven Everyday Street Vitality
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(2)	 Streetscape Skin.

Variables related to natural elements and pedestrian infrastructure generally show 
limited associations with commercial satisfaction. Among them, the sky view index 
exhibits a significant negative effect, whereas the other variables are not statisti-
cally significant. In the mediation analysis, the sky view index shows a significantly 
negative indirect effect with an insignificant direct effect, indicating a full negative 
mediation pattern through commercial satisfaction. For the green view index and 
waterscape visibility, the indirect effects are statistically insignificant. Although 
waterscape visibility exhibits a significant negative direct effect on vitality, the 
absence of a significant indirect effect indicates no mediation pathway through com-
mercial satisfaction. Similarly, visual pavement ratio and visual vehicle ratio show 
insignificant indirect effects but significant negative direct and total effects, suggest-
ing that their influences operate primarily through direct environmental constraints 
rather than mediated pathways.

Taken together, streetscape skin variables display weak or inconsistent mediation 
effects through commercial satisfaction, while several traffic- and openness-related 
indicators exert direct negative influences on commercially driven everyday street 
vitality.

(3)	 Affective Perception.

The two affective-perception variables exhibit contrasting patterns. Perceived beauty 
shows a significant positive association with commercial satisfaction, whereas per-
ceived safety does not. In the mediation analysis, perceived beauty demonstrates a 
significantly positive indirect effect, while its direct and total effects are positive but 
statistically insignificant, indicating a full mediation pattern. For perceived safety, the 
indirect, direct, and total effects are all statistically insignificant.

These results indicate a clear divergence in the affective pathway: aesthetic per-
ception enhances commercially driven everyday street vitality indirectly by elevat-
ing commercial satisfaction, whereas perceived safety does not function as either a 
mediating or a direct driver.

Overall, the results reveal a differentiated structure in how streetscape design char-
acteristics relate to commercially driven everyday street vitality. Streetscape skeleton 
variables show the most consistent mediation patterns: enclosure-related attributes 
generally suppress commercial satisfaction and vitality, whereas vertical variability 
tends to enhance them, primarily through indirect pathways mediated by commercial 
satisfaction. By contrast, streetscape skin variables display weaker and more incon-
sistent mediation effects. Most natural and pedestrian-related indicators show limited 
associations with commercial satisfaction, while several openness- or traffic-related 
variables exert direct negative influences on vitality. In comparison, perceptual vari-
ables demonstrate a clearer psychological pathway. Perceived beauty significantly 
promotes vitality indirectly through commercial satisfaction, whereas perceived 
safety does not exhibit a comparable mediating or direct effect. Taken together, 
these findings suggest that structural spatial configurations mainly influence vitality 
through shaping commercial satisfaction, surface-level environmental features often 
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operate through direct environmental constraints, and aesthetic perception functions 
as a key affective mediator linking streetscape environments to commercially driven 
everyday street vitality.

Robust Test

To further verify the stability of the mediation patterns, review-density measures 
derived from buffer radii of 30  m, 40  m, 50  m, 60  m, and 70  m were tested. As 
shown in Appendix A Table A3, the mediation effects of cross-section ratio variation, 
building-height variation, sky view index, average building height, building num-
ber per length, and perceived beauty remain consistently significant across different 
dependent-variable specifications, confirming the robustness of the findings.

Discussion

Overall, the empirical findings provide partial support for the proposed hypotheses 
and reveal differentiated pathways linking streetscape design, commercial satisfac-
tion, and commercially driven everyday street vitality. Among the streetscape skel-
eton variables, geometric articulation—particularly vertical variation in building 
height—shows a positive association with commercial satisfaction and a significant 
indirect effect on vitality, supporting H1b and H2b. In contrast, enclosure-related 
attributes exhibit negative or insignificant relationships, offering partial but signifi-
cant support for H2a while contradicting H1a. For the streetscape skin, neither natu-
ral elements nor pedestrian infrastructure demonstrate consistent positive effects on 
commercial satisfaction or mediated vitality, providing limited support for H1c–H1d 
and H2c–H2d. Among affective perceptions, perceived beauty significantly enhances 
vitality through commercial satisfaction, supporting H1f and H2f, whereas perceived 
safety shows no significant effects, failing to support H1e or H2e. Together, these 
results suggest that commercially driven everyday street vitality is shaped more 
strongly by spatial complexity and aesthetic perception than by enclosure intensity, 
natural visibility, or pedestrian infrastructure alone.

Dual Impacts of the Streetscape Skeleton: Complexity as a Driver and Enclosure 
as a Constraint

The results indicate a dual pathway by which streetscape skeleton attributes shape 
commercially driven everyday street vitality, encompassing both stimulation and 
constraint.

Vertical complexity emerges as an important indirect contributor to commercially 
driven everyday street vitality, primarily through its association with commercial sat-
isfaction. Variations in building height appear to enhance commercial satisfaction by 
introducing visual rhythm, facade articulation, and perceptual richness along com-
mercial frontages. Consistent with classic environmental preference theory, moderate 
complexity signals environmental intrigue and legibility, encouraging exploratory 
behavior and prolonged engagement (Kaplan & Kaplan, 1989; Zhou et al., 2022). In 
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everyday street contexts, these visual cues translate into more favorable evaluations 
of commercial environments and, ultimately, higher commercially mediated vital-
ity. By contrast, horizontal geometric variations—such as street sinuosity or width 
fluctuation—seem less influential at the pedestrian scale. The absence of statistically 
significant effects suggests that these features may be less perceptible during routine 
walking, or that their symbolic or functional meanings are not consistently recog-
nized by everyday users, echoing recent evidence that vertical elements exert stron-
ger perceptual salience in street-level experience (Florio et al., 2024; Usui, 2024).

Enclosure-related attributes, in contrast, primarily function as constraints. Exces-
sive enclosure—manifested through high building density, tall continuous street 
walls, or compressed cross sections—appears to undermine commercial satisfac-
tion and thereby indirectly reduce commercially driven everyday street vitality. This 
pattern aligns with the notion of an “optimal enclosure threshold,” whereby spatial 
definition enhances comfort up to a point, beyond which perceived pressure, reduced 
daylight, limited ventilation, and diminished storefront visibility begin to dominate 
(Zhou et al., 2022). In everyday streets characterized by frequent, habitual use, overly 
compact spatial configurations may therefore exceed users’ comfort thresholds, lead-
ing to unfavorable evaluations of both commercial services and the overall street 
environment (Yilmaz et al., 2025). These results suggest that commercially driven 
vitality is fostered not by maximal enclosure, but by a balanced combination of spa-
tial definition and openness.

Limited and Context-dependent Role of Natural Elements in the Streetscape Skin

Within the streetscape skin, traffic-related visual dominance emerges as a clear 
suppressor of commercially driven everyday street vitality. A higher visual pres-
ence of motor vehicles is associated with a direct negative effect on commercially 
driven everyday street vitality, independent of commercial satisfaction, reinforcing 
the importance of pedestrian-oriented environments (Nia, 2021; Soto et al., 2022). 
Notably, this effect does not operate primarily through commercial satisfaction, sug-
gesting the presence of alternative pathways—such as reduced perceptual comfort, 
heightened stress, or a weakened willingness to linger—through which traffic-related 
disturbances erode commercially mediated street use. Similarly, the expansion of 
pedestrian space alone does not necessarily translate into higher commercial satisfac-
tion (Koo et al., 2023). On everyday streets structured around routine consumption 
and commuting, sidewalk width appears to function as a necessary but insufficient 
condition. In contexts of limited functional intensity, excessively wide pedestrian 
spaces may even generate a form of spatial hollowing, reducing social density and 
weakening opportunities for interaction (Ewing & Handy, 2009; Mehta, 2013).

Natural elements—including greenery, sky openness, and waterscape visibility—
do not exhibit uniformly positive effects on commercially driven everyday street 
vitality. Rather than implying their ineffectiveness, these results point to context-
dependent and potentially nonlinear relationships. Prior research suggests that green-
ness may follow an inverted U-shaped association with pedestrian engagement, where 
both scarcity and excess dampen activity (Chen et al., 2024). Similarly, increased 
sky openness interacts with enclosure and microclimatic conditions; beyond cer-
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tain thresholds, excessive openness may erode spatial definition and weaken com-
mercially oriented street engagement (Arif & Yola, 2021). Waterscape visibility, 
while beneficial in leisure-oriented settings, may exert neutral or negative effects on 
commercially oriented streets if it disrupts pedestrian flow or competes with active 
ground-floor interfaces (Gascon et al., 2017; Sitohang et al., 2024).

Overall, these findings caution against linear or universal assumptions regard-
ing natural elements. On everyday streets, their contribution to commercially driven 
vitality depends less on visibility alone than on functional integration, scale, and 
alignment with routine commercial and social practices. When deployed as isolated 
or ornamental features detached from pedestrian circulation or commercial inter-
faces, natural elements may inadvertently introduce spatial discontinuities, thereby 
diluting commercially driven everyday street vitality (Yu et al., 2024).

Divergent Roles of Affective Perception: Aesthetic Attraction and the Threshold 
Nature of Safety

Analysis of affective perception uncovers a clear divergence in its underlying path-
way shaping commercially driven everyday street vitality.

Aesthetic perception functions as an active psychological driver, indirectly enhanc-
ing vitality through elevated commercial satisfaction. Perceived beauty increases 
emotional pleasure and environmental attractiveness, promoting approach-oriented 
behaviors—strolling, repeated visitation, and prolonged presence—which reinforce 
commercially mediated street use. This pathway aligns with approach–avoidance 
theory (Bitner, 1992; Mehrabian & Russell, 1974) and prior evidence linking aes-
thetic appraisal to pedestrian engagement (Dubey et al., 2016; Seresinhe et al., 2017; 
Zhang et al., 2018).

In contrast, perceived safety exhibits a threshold-like function. Safety serves pri-
marily as a prerequisite: once a basic level is achieved, additional increments do 
not substantially increase commercially driven vitality (Marquet & Miralles-Guasch, 
2015; Maslow, 1943). In familiar, everyday streets, safety is often taken for granted, 
shifting attention toward more rewarding cues such as aesthetic quality and func-
tional satisfaction (Gehl, 2003). Consequently, aesthetic perception and commercial 
satisfaction emerge as principal psychological drivers, while safety operates as a nec-
essary but non-salient condition.

These implications should be understood as typologically grounded design heu-
ristics that inform street-scale intervention strategies, rather than as prescriptive or 
universally applicable regulatory standards.

Limitations and Future Directions

Despite its contributions, this study has several limitations that warrant further 
exploration.

(1)	 Limitations in data sources.
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The study relies on Dazhong Dianping user ratings and reviews to approximate com-
mercial satisfaction and indicators of commercially driven everyday street vitality. 
Such crowdsourced data are susceptible to systematic biases related to user demo-
graphics and usage patterns. Platform users tend to be younger, digitally literate 
urban residents, which may underrepresent primary everyday street users, such as 
nearby residents, commuters, and workers (L. Wang et al. 2025a, b, c). Temporal 
discrepancies in rating records may introduce noise and reduce measurement accu-
racy. Future research could integrate multiple complementary data sources—such as 
Weibo check-ins, mobile signaling data, credit-card transactions, and video-based 
pedestrian counts—and adopt temporal modeling strategies to capture both instan-
taneous and longitudinal patterns of commercially driven everyday street vitality 
(Huang et al., 2020).

(2)	 Cultural and demographic biases in perceptual data.

Affective indicators were derived from the Place Pulse dataset, whose training sam-
ples are primarily from Western cities. Consequently, cultural differences in aesthetic 
preference and perceived safety may limit the applicability of these models to Chi-
nese urban contexts (Dubey et al., 2016; Naik et al., 2014). Streetscape perception is 
also inherently observer-dependent; different social groups (e.g., gender groups, age 
cohorts, commuters, and residents) may differ systematically in their judgments of 
safety, beauty, and comfort (Rui & Cai, 2025; Yao et al., 2019). Future work should 
establish culturally adapted perception models based on locally sourced training data 
and integrate subjective surveys with objective indicators to develop a mixed mea-
surement framework with broader applicability and deeper explanatory power.

(3)	 Potential non-linear and threshold effects.

Although the present study identifies statistically significant linear associations 
between streetscape attributes and commercially driven everyday street vitality, the 
modeling strategy adopted here does not allow for explicit testing of non-linear or 
threshold-based relationships. Several environmental features—particularly natural 
elements such as greenery, sky openness, and waterscape visibility—may exert effects 
that are contingent, non-monotonic, or subject to upper and lower thresholds, rather 
than following a simple linear pattern. The weak or negative coefficients observed 
for certain natural elements should therefore be interpreted with caution. Rather than 
indicating a universally suppressive role, these results may reflect context-specific 
trade-offs or saturation effects that cannot be disentangled within a linear framework. 
In this sense, the current findings are suggestive rather than confirmatory with respect 
to potential threshold mechanisms. Given the street-segment scale of analysis and 
the aggregation of perception-related indicators into collective evaluative proxies, 
introducing higher-order terms without independent perceptual measurements may 
risk overfitting and spurious inference. Future research should explicitly address this 
limitation by employing non-linear modeling strategies, such as quadratic terms, seg-
mented regression, interaction effects, or machine-learning-based approaches capable 
of capturing complex response patterns. Longitudinal or quasi-experimental designs 
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would further enable the identification of critical thresholds at which environmental 
features shift from facilitating to constraining everyday street vitality.

(4)	 Theoretical modeling and causal inference limitations.

Although the mediation model links streetscape design, commercial satisfaction, 
and commercially driven everyday street vitality, cross-sectional data limit causal 
inference. Reciprocal dynamics may exist, where highly vital streets attract more 
commercial engagement and higher satisfaction, consistent with space–behavior 
co-construction perspectives. Longitudinal or panel-based studies, combined with 
quasi-experimental designs—such as before-and-after evaluations of streetscape 
upgrades or façade renovations—are needed to disentangle bidirectional effects. 
Further research should also differentiate between momentary affect (Hahm et al., 
2019; Mattila & Wirtz, 2008; Muhammad et al., 2023) and accumulated cognition 
(Gülertekin & Genc, 2021; Majdah Makkiyah & Indrawati, 2025) in shaping com-
mercially driven everyday street vitality.

(5)	 External validity and applicability.

The study focuses on everyday streets within Wuhan’s Third Ring Road. The path-
ways observed here may differ in tourist, office, or transport-oriented streets. Cross-
city and cross-type comparative studies could clarify the generalizability of findings 
across diverse socio-cultural and functional contexts, advancing a more comprehen-
sive “space–psychology–behavior” framework for urban street vitality (Belaroussi et 
al., 2024; Kamani Fard & Paydar, 2024).

In sum, despite these limitations, the study provides empirical insights into how 
streetscape design supports commercially driven everyday street vitality through per-
ceptual and cognitive pathways and offers conceptual and methodological guidance 
for extending servicescape theory to open urban environments.

Conclusion

This study advances both the theoretical and empirical application of servicescape 
theory in open urban environments by integrating multi-source urban data with 
streetscape perception models at the street-segment scale. The findings reveal how 
the physical environment shapes commercially driven everyday street vitality through 
a psychological chain of affective perception, cognitive evaluation, and behavioral 
response, highlighting commercial satisfaction as a central cognitive–affective nexus 
linking streetscape morphology to routine activity intensity.

Key findings include:

(1)	 Dual impacts of the streetscape skeleton. Moderate vertical complexity—
manifested as controlled building-height variation and articulated skyline pro-
files—enhances commercial satisfaction and everyday street vitality through 
increased visual interest and perceptual richness. Excessive enclosure and 
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over-densification, by contrast, suppress vitality by reducing visual permeabil-
ity, storefront exposure, and psychological comfort. Vitality is maximized under 
an intermediate spatial condition balancing enclosure, visibility, and experiential 
quality.

(2)	 Context-dependent role of natural elements in the streetscape skin. Greenery, sky 
openness, and waterscapes do not automatically enhance commercial satisfaction 
or everyday street vitality. Their contributions appear to be threshold-sensitive 
and contingent on functional integration with pedestrian circulation and com-
mercial interfaces. When deployed in isolation or ornamentally, natural elements 
may disrupt frontage continuity, pedestrian flow, or spatial definition, potentially 
weakening vitality.

(3)	 Differentiated roles of affective perception. Aesthetic perception acts as a pri-
mary driver, stimulating lingering behavior and repeated use through emotional 
and environmental appeal. Perceived safety appears to function as a threshold-
like condition, functioning as a necessary precondition rather than a continuous 
incentive. Once a basic safety level is met, additional improvements yield dimin-
ishing returns, with users increasingly guided by aesthetic and functional cues.

Building on these findings, the study provides more operational and typologically 
grounded guidance for the planning and renewal of everyday streets in high-den-
sity urban contexts, particularly in Chinese cities characterized by compact block 
structures, dense mixed-use development, and highly active street-level commercial 
interfaces:

(1)	 Operationalizing moderate vertical complexity. Rather than pursuing uniform 
building heights or excessive landmarking, planners may consider encouraging 
controlled height variation and façade modulation at the block or segment scale. 
For everyday streets, a fine-grained rhythm of storefront widths, articulated 
façades, and limited height differentials between adjacent buildings can enhance 
visual stimulation without fragmenting spatial coherence, an approach particu-
larly relevant to the dense commercial frontages and small-parcel development 
patterns commonly observed in Chinese inner-city neighborhoods.

(2)	 Defining optimal enclosure as a relational condition. “Optimal enclosure” should 
be understood not as maximum openness, but as a balanced height–width rela-
tionship that preserves both spatial definition and visual permeability. Street sec-
tions that avoid extreme canyon effects while maintaining continuous street walls 
are more conducive to pedestrian comfort, storefront visibility, and social inter-
action, a consideration especially important in high-density Chinese urban dis-
tricts where rapid redevelopment and high floor-area ratios often intensify street 
enclosure.

(3)	 Reframing openness as functional rather than purely geometric. Openness should 
be evaluated in terms of pedestrian accessibility, interface continuity, and activity 
support rather than sky exposure alone. Excessively wide sidewalks or setbacks, 
when unaccompanied by active frontages or functional intensity, may lead to 
spatial hollowing and reduced vitality, a phenomenon increasingly observed in 
some large-scale urban renewal or street-widening projects in Chinese cities.
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(4)	 Integrating blue–green elements as enabling infrastructures. Greenery and water-
scapes should be embedded within activity-supportive micro-spaces—such as 
shaded seating, café extensions, or pause points along pedestrian flows—so 
that natural elements reinforce rather than compete with commercial and social 
functions. This shifts blue–green design from decorative enhancement toward 
infrastructural support for everyday street life, particularly in dense urban envi-
ronments where public space is limited and multifunctional design is required.

Overall, this study enriches theoretical understanding of the “space–psychology–
behavior” mediation pathway, extends the scope of servicescape theory, and dem-
onstrates an integrated analytical approach combining multi-source urban data with 
perceptual models. By translating abstract spatial concepts into operational design 
principles, the research offers actionable guidance for enhancing commercially 
driven vitality on everyday streets in high-density cities, such as those widely found 
in contemporary Chinese metropolitan regions. Future research should further test 
the stability of these pathways across sociocultural contexts, temporal conditions 
(e.g., day–night and seasonal variations), and street typologies, contributing to a 
more generalizable and dynamic theory of street vitality.
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