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A B S T R A C T

Do intergenerationally claimed spatial preferences necessarily translate into actual visitation behaviors? This 
study aims to uncover the phenomenon of “dissonance between perception and behavior” among younger and 
older adults in Shenzhen's streetscapes—specifically, the spatial mismatch and generational differences between 
perceived satisfaction and actual visitation patterns. Using computer vision techniques and online surveys 
grounded in Attention Restoration Theory and the Person-Environment Fit model, we quantitatively assessed 
pedestrian age groups from street view imagery, as well as generational preferences and real-world visitation 
patterns. We then explored the driving factors behind this mismatch from both experiential and structural 
perspectives. The results revealed that older adults exhibit a more pronounced dissonance between streetscape 
satisfaction and visitation than younger individuals. On streets with lower satisfaction scores, the two genera
tional groups show different streetscape visitation patterns. For younger adults, floor area ratio, Shannon di
versity index, and greenery demonstrate synergistic effects in facilitating the transformation of spatial perception 
into visitation behavior. Critically, no spatial features facilitated this transformation among older adults, 
revealing systematic perception behavior decoupling that challenges conventional environment behavior the
ories. Furthermore, green infrastructure and mixed-use spatial morphology enhance satisfaction for both age 
groups, while street connectivity positively guides intergenerational visitation behavior. These findings offer 
empirical insights for creating inclusive street environments that promote intergenerational integration.

1. Introduction

Urban streets serve as essential spaces for daily life, fostering social 
interaction and contributing directly to urban vitality (Mahmoudi Far
ahani, 2016). Individuals develop emotional attachment and a sense of 
belonging to the street environment through everyday mobility and 
social engagement. This phenomenon, known as place attachment, 
functions bidirectionally: on the one hand, it strengthens spatial identity 
among residents; on the other, it serves as a crucial foundation for 
creating livable environments (Lewicka, 2008; Manzo & Devine-Wright, 
2013). Such positive environment and behavior interactions foster street 
vitality, enhance spatial attractiveness, and contribute to residents' 
satisfaction and well-being (Ma et al., 2018; Mouratidis & Yiannakou, 
2022).

However, under the forces of globalization, urban streets in Chinese 

cities are increasingly confronted with intergenerational spatial differ
entiation, driven by urban regeneration and heightened population 
mobility (Hu et al., 2024; Zhang & Wang, 2025). This differentiation is 
reflected both in the physical environment and infrastructure provision, 
and in the disconnection of environmental perception, which fails to 
meet the diverse psychological restoration needs of different age groups 
and does not achieve a functional fit between people and their envi
ronments. Attention Restoration Theory (ART) highlights the impor
tance of restorative environmental attributes—such as being away, 
fascination, extent, and compatibility—in supporting psychological and 
emotional well-being. Meanwhile, the Person–Environment Fit (P–E Fit) 
model assesses how environmental demands, individual capabilities, 
and the degree of fit jointly determine environmental support for human 
activity. Together, these theories provide complementary perspectives 
for evaluating perceived street quality, yet research has shown that 
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preferences and perceptions of street features often differ in priority and 
significance across generations (Gaglione et al., 2022; Handy et al., 
2006).

While age-friendly urban planning has emerged as a prominent 
framework grounded in the WHO's participatory approach involving 
older adults as co-producers of urban knowledge (Plouffe & Kalache, 
2010; WHO, 2007), its application to intergenerational street environ
ments requires deeper engagement with co-production methodologies 
that extend beyond single-generation consultation. This elder-centered 
planning approach may not fully accommodate the lifestyle needs of 
younger populations. For instance, reducing spatial intensity, vibrancy, 
and functional diversity to facilitate older adults' mobility may inad
vertently decrease younger adults' willingness to use public space 
(Brandt, 2021; Holland et al., 2007). Conversely, street environments 
designed with younger populations in mind, such as those incorporating 
high-intensity recreational or social amenities, may inadvertently raise 
participation thresholds or produce excessive noise, thereby discour
aging older adults from frequent use (Wendel et al., 2022). These 
divergent intergenerational needs pose challenges for planners aiming 
to design street spaces that equitably serve all age groups (Nelischer & 
Loukaitou-Sideris, 2023). Recent scholarship has emphasized that 
addressing age-friendly environments requires a spatial justice lens that 
considers equity and structural inequalities across generations (Buffel 
et al., 2024; Greenfield, 2018).

Environmental behavior theories suggest that individuals tend to 
choose environments that evoke feelings of pleasure and comfort 
(Mehrabian & Russell, 1974). In public space research, the relationship 
between spatial preferences and behavioral choices has been widely 
acknowledged, yet emerging evidence reveals a cognitive-behavioral 
dissonance where stated preferences often diverge from actual visita
tion patterns. Jan Gehl demonstrated that high-quality public spaces 
encourage spontaneous activities and foster social interaction, forming a 
positive feedback loop between spatial attractiveness and usage (Gehl, 
1987). However, this classical framework faces challenges when applied 
to the complex behavioral patterns of contemporary urban residents. 
This say-do gap, which we term the “lip service” phenomenon, reflects a 
cognitive and behavioral dissonance where stated preferences fail to 
predict actual spatial use. This dissonance may arise from cognitive 
biases in preference articulation (Sheeran, 2002), structural constraints 
that limit behavioral realization despite stated intentions (Ajzen, 1991), 
or methodological artifacts inherent in self-reported data (Kollmuss & 
Agyeman, 2002). Such dissonance exposes the limitations of classical 
environmental behavior frameworks, which erroneously assume a linear 
relationship between spatial perception and actual behavior. A critical 
question thus emerges: do individuals' stated spatial preferences neces
sarily translate into actual visitation behaviors, or does this perception- 
behavior linkage vary systematically across age cohorts? Existing 
research has not sufficiently confronted how intergenerational groups' 
declared preferences may decouple from their actual spatial behaviors, 
leaving this theoretical oversimplification largely unchallenged and 
undermining the empirical foundation for evidence-based urban design. 
This gap weakens the explanatory power of traditional attraction and 
visitation models and limits the empirical foundation for microscale 
urban renewal strategies. Furthermore, conventional methods such as 
questionnaires and field observations are capable of distinguishing age- 
based patterns in mobility and space use, but their limited sample sizes, 
geographic coverage, and high implementation costs constrain large- 
scale, high-resolution spatial analysis (Mukherjee & Kadali, 2022). In 
recent years, the integration of street view imagery (SVI) and computer 
vision has opened new possibilities for urban environmental assessment 
(Gong et al., 2024; Rui & Xu, 2024). Yet, most existing studies remain 
focused on static identification of spatial differences, lacking exploration 
into the behavioral discrepancies between spatial preferences and actual 
visitation behavior among different age groups.

To address these limitations, this study raises two central questions: 
Do younger and older adults exhibit a mismatch between their stated 

spatial preferences and actual street visitation—that is, a form of “cog
nitive–behavioral dissonance”? Do younger and older adults exhibit a 
mismatch between their stated spatial preferences and actual street 
visitation, a ‘lip service’ pattern where environmental satisfaction does 
not translate into corresponding use? And what environmental factors 
might drive this divergence? Methodologically, we apply a detection 
framework based on the DINO model (self-supervised Vision Trans
former) integrated with SVI, employing a non-facial human body 
recognition algorithm to identify younger and older pedestrians in urban 
streetscapes. Simultaneously, spatial preferences are measured via on
line surveys grounded in ART and the P–E Fit model. We then analyze 
the mismatch between preference and visitation using both structural 
and experiential spatial indicators, combined with interpretable ma
chine learning techniques to uncover potential nonlinear effects. This 
approach provides an interdisciplinary method to quantify how spatial 
features shape intergenerational preferences and behaviors, supporting 
age-friendly urban design.

2. Literature review

2.1. The gap between intergenerational spatial preferences and actual 
visitation

Differences in spatial preferences across age groups have been widely 
documented. Younger adults tend to prioritize spatial diversity and so
cial potential due to their exploratory nature, whereas older adults focus 
more on legible environments and a sense of safety because of physical 
limitations (Andersson et al., 2018; Kirasic, 2000; Puhakka et al., 2015). 
These differences contribute to a certain degree of intergenerational 
spatial segregation (Puhakka et al., 2015). In terms of walking envi
ronment preferences, adults over the age of 60 place particular emphasis 
on barrier-free facilities such as ramps and the quality of pavement 
surfaces (Guzman et al., 2022), whereas younger pedestrians aged 18 to 
24 prefer routes that pass through modern residential and commercial 
areas (Bafatakis et al., 2015).

Research on visitation behavior has focused on older adults, with 
limited attention to younger groups and intergenerational comparisons. 
This research gap is partly due to the anonymization of mobile phone 
location data, which removes personal demographic information and 
thus prevents age-based identification. Meanwhile, traditional on-site 
surveys are limited by human and spatial resource constraints. For 
instance, a study in Tianjin using GPS data from 20 older adults found 
that their travel was mainly concentrated around homes of relatives and 
friends, markets, schools, and hospitals (Sen et al., 2022).

There is often a complex relationship between individuals' spatial 
preferences and their actual visitation behaviors. A study in the San 
Francisco Bay Area highlighted that residents' preferred neighborhood 
types frequently differ from their actual places of residence, with this 
mismatch shaped by factors such as income and workplace location 
(Schwanen & Mokhtarian, 2005). Similarly, De Vos et al. found that 
more than half of university staff and students surveyed did not live in 
the areas they preferred, with such mismatches being more prevalent 
among low-income households (De Vos et al., 2012). For older adults 
specifically, the perception-behavior gap may be amplified by several 
age-related factors: habitual mobility patterns that emphasize familiar 
routes and established activity spaces over preferred but unfamiliar 
environments (Meijering et al., 2024), physical constraints and walking 
limitations that restrict access to desired destinations despite positive 
environmental perceptions (Tuomola et al., 2024), and dependencies on 
social networks for transportation or accompaniment that redirect travel 
from preferred to socially necessary locations (Abdul Latiff & Mohd, 
2023). In terms of walking path choices, discrepancies between stated 
preferences and actual behavior are also evident: a comparative study in 
New York City and Hong Kong found that although pedestrians claimed 
to prioritize route distance and safety, in practice, the availability of 
amenities had a stronger-than-expected influence on their decisions 
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(Guo & Loo, 2013). These structural and behavioral constraints suggest 
that older adults may exhibit greater divergence between their envi
ronmental assessments and actual visitation patterns compared to 
younger cohorts, even when perceptual evaluations of environmental 
quality are similar across age groups.

Existing data collection paradigms face a dual limitation: mobile 
location data, due to privacy protections, strip away demographic at
tributes, rendering intergenerational identification infeasible; mean
while, traditional field surveys are constrained by sample size and 
spatial coverage, making it difficult to capture dynamic behavioral dif
ferentiation across groups. While previous studies have documented 
preference-behavior relationships, comparative research examining 
whether this coupling operates differently across age groups remains 
absent due to methodological constraints in capturing age-differentiated 
preferences and behaviors under equivalent spatial conditions.

2.2. The role of street view imagery in capturing spatial preferences and 
actual visitation

Combining SVI with deep learning techniques has proven to be a 
reliable and effective method for analyzing residents' spatial preferences 
and actual visitation behaviors (Liu et al., 2023; Wang et al., 2019). 
Compared to traditional questionnaire-based approaches, this method 
offers a more fine-grained quantification of human perceptions and 
overcomes limitations related to sample size and geographic scope. 
Building on this, several studies have investigated spatial preferences 
among specific age groups. For example, a study conducted along the 
Huangpu River waterfront in Shanghai used wearable GoPro devices to 
collect street-level imagery and evaluate the walkability of greenways. 
The results showed that older adults paid particular attention to safety 
infrastructure, greening indices, and seating availability (Hu et al., 
2025). Another study focusing on older populations developed an online 
street view selection platform using the TrueSkill algorithm to examine 
perceptual differences among seniors with varying physical abilities 
(Chen et al., 2024). In a study of children's spatial preferences, re
searchers combined a narrative empathy-based questionnaire with 
child-centered street view images to gather feedback across five di
mensions of child-friendly urban environments (Yang et al., 2024). 
These age-specific studies offer valuable insights into spatial needs 
across different life stages. However, comparative studies on spatial 
preferences between younger and older adults remain scarce.

In terms of actual visitation, recent research has begun to explore the 
use of SVI to directly quantify pedestrian flows in urban spaces. Garrido- 
Valenzuela et al. (2023) extracted pedestrian presence from nationwide 
Dutch SVI as a proxy for spatial density and examined its relationship 
with urban features through regression analysis. Yin et al. (2015)
analyzed over 200 Google Street View segments across Buffalo, Wash
ington, D.C., and Boston (MA) to estimate pedestrian volumes, demon
strating the reliability of image-based pedestrian counts. Similarly, Chen 
et al. (2020) applied machine learning techniques to assess pedestrian 
flow automatically from SVI on over 700 streets in Tianjin. The results, 
when compared with field observations, achieved acceptable (Cron
bach's alpha ≥0.70) or good (≥ 0.80) levels of reliability.

Currently, most human attribute recognition techniques focus on 
facial analysis, which is useful for inferring emotional or demographic 
characteristics (Wei et al., 2021). However, such methods often raise 
privacy concerns and are unsuitable for large-scale application. In 
contrast, non-facial human attribute recognition, which is a computer 
vision approach that identifies human characteristics based on body 
posture, size, clothing, and movement rather than facial features, offers 
a promising alternative. Since SVI data typically blur faces during 
collection, non-facial recognition provides a feasible solution for age 
classification in this study. Despite its potential, no existing study has 
integrated SVI-based age recognition with matched perceptual assess
ments to test whether stated preferences predict visitation equivalently 
across generational cohorts. One exception is the study by Liu et al. 

(2023), which analyzed more than 70,000 SVIs in Hong Kong to identify 
the number of older adults on the streets. The researchers then evaluated 
street friendliness for older adults by comparing detected older adults 
with residential population ratios. Nevertheless, most existing studies 
lack fine-grained age classification due to limitations in training datasets 
and the specificity of research objectives, thus falling short of addressing 
intergenerational spatial issues in depth. Emerging transgenerational 
design approaches and recent intergenerational validation studies using 
the Age-Friendly Cities and Communities Questionnaire in Russia and 
Japan have demonstrated that multiple generations can appraise urban 
age-friendliness in similar ways, suggesting that younger and older co
horts share substantial perceptual consensus when evaluating environ
mental quality (Marston et al., 2022; Yamada et al., 2023; Ziganshina 
et al., 2025).

3. Data and methodology

3.1. Study area

Shenzhen is located in southern Guangdong Province and serves as 
both a major economic hub in China and a nationally recognized model 
for innovation. According to the Guangdong Statistical Yearbook (2022) 
(http://stats.gd.gov.cn/gdtjnj/), by the end of 2022, the city comprised 
10 administrative districts, covering a total area of 1997.47 km2, with a 
resident population of approximately 17.66 million. Shenzhen's 14th 
Five-Year Housing Development Plan emphasizes the importance of 
enhancing residential quality during the stage of refined urban renewal, 
with the goal of creating livable communities characterized by conve
nient transportation, comprehensive facilities, and a pleasant environ
ment. The plan also promotes the organic renewal of urban villages, the 
development of green buildings, and the overall improvement of living 
environments. As a result, evaluating the outcomes of refined residential 
upgrades, examining the age-friendliness of neighborhood spaces, and 
identifying spatial disparities within residential streetscapes have 
become pressing challenges.

In this study, we collected Baidu Street View images of Shenzhen 
from the years 2018 and 2023, totaling 55,197 and 49,390 images 
respectively. During the data cleaning process, invalid images (e.g., 
those captured inside tunnels) were removed—339 from the 2018 
dataset and 412 from the 2023 dataset. The study area was defined 
based on locations where Baidu Street View imagery was available for 
both time points. After screening, the final selected areas included 
Futian District, Nanshan District, Longhua District, Bao'an District, 
Guangming New District, Yantian District, and parts of Luohu and 
Longgang Districts (Fig. 1).

3.2. Identifying street preferences and actual visitation

3.2.1. SVI acquisition and semantic segmentation
We employed the DeepLab v3+ model, which has been widely used 

in SVI segmentation research. The SVI images were captured using 
standardized street-level cameras mounted at approximately 2.5 m 
height (Ringland et al., 2019), ensuring consistent horizontal perspec
tives across sampling points. DeepLab v3+ was proposed by Chen et al. 
(2018) and introduces a new decoder module to refine segmentation 
results, particularly around object boundaries. It also incorporates 
multiple parallel atrous convolutions with different dilation rates, 
enabling the model to capture multi-scale contextual information and 
thereby improve recognition performance. The ADE20K dataset, 
developed by the Computer Science and Artificial Intelligence Labora
tory at the Massachusetts Institute of Technology, is a large-scale 
benchmark widely used in computer vision tasks. It contains approxi
mately 22,210 training images and 2000 validation images with varying 
resolutions, offering rich visual content and detail. Accordingly, we 
applied DeepLab v3+ in combination with the ADE20K dataset to 
perform semantic segmentation on the SVI. The segmented SVI results 
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and the legend of street scene elements are presented in Fig. 2.

3.2.2. Identifying street satisfaction preferences among younger and older 
adults

To explore the potential mismatch between stated spatial preferences 
and actual behavioral patterns across generational groups, this study 
designed a questionnaire based on two complementary theoretical 
frameworks: ART and the P–E Fit model. By integrating these perspec
tives, we constructed a comprehensive evaluative framework that spans 
both psychological restoration and functional adaptation. ART focuses 
on environmental comfort and emotional recovery (Ma et al., 2024), 
while P–E Fit assesses the extent to which the built environment sup
ports the activities of younger and older adults. Together, these 

perspectives enable a holistic analysis of intergenerational differences in 
both perception and behavior within public street spaces.

ART was developed by environmental psychologists Rachel Kaplan 
and Stephen Kaplan. It suggests that directed attention gradually be
comes fatigued and can be restored by exposure to certain types of en
vironments (Kaplan et al., 1972). The theory identifies four key 
attributes for evaluating the restorative quality of urban and natural 
environments: (i) being away, (ii) fascination, (iii) extent, and (iv) 
compatibility. Studies have confirmed the benefits of interaction with 
natural environments, such as reduced anxiety and stress (Berman et al., 
2008; Capaldi et al., 2014). ART has been widely applied to assess 
restorative qualities in tourism environments, including blue and green 
spaces and walkable areas (Fan et al., 2024), particularly for older adults 

Fig. 1. Study area.

Fig. 2. Street view image sampling and semantic segmentation with DeepLab V3+ model.
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and other sensitive populations. In this study, the “extent” dimension 
was excluded. This is because extent, which emphasizes the cognitive 
continuity and exploratory potential of an environment, is more relevant 
to natural landscapes and less applicable to the compact, fragmented 
street environments typical of high-density urban areas. Its influence on 
residents' day-to-day satisfaction in such settings is considered indirect.

The P-E Fit model emphasizes the alignment between an individual's 
abilities and environmental demands. It posits that better alignment 
between a person and their environment leads to more favorable out
comes (Edwards et al., 1998), whereas mismatches or conflicts may 
result in stress, fatigue, or maladaptation. The model focuses on three 
components: Environmental Press, Competence, and Fit. P-E Fit has 
been widely applied to understand individual adaptability in workplace 
settings and the relationship between environmental design and human 
behavior. Its relevance is particularly notable among younger and older 
adults, for whom the adaptability of the environment to support func
tional living is crucial.

The sampling strategy adopted an age-based grouping: 200 partici
pants were targeted for each group—young adults (aged 18–35) and 
older adults (aged 60 and above). The sampling strategy adopted an age- 
based grouping with convenience sampling: 200 participants were tar
geted for each group, younger adults (aged 18–35) and older adults 
(aged 60 and above), recruited through community centers and online 
platforms to ensure demographic diversity. The survey was distributed 
and collected between October 1 and December 1, 2024. This study 
received ethics approval exemption from the institutional Research 
Ethics Committee as it involved minimal-risk research with anonymous 
survey data from adult participants (aged 18 years and above) and 
secondary analysis of publicly available street view imagery. A total of 
387 valid responses were obtained (195 from the younger group and 192 
from the older group), yielding an overall effective response rate of 
96.75 %. The data cleaning process followed a three-stage quality con
trol protocol. First, extreme outliers (12 questionnaires exceeding 3 
times the interquartile range) were removed using the boxplot method. 
Second, 8 questionnaires with low variance (variance ≤1) were identi
fied and excluded through Levene's test. Third, 5 logically inconsistent 
responses were eliminated via a logic check. This process resulted in 362 
valid samples (183 from the younger group and 179 from the older 
group).

The study constructed a comprehensive environmental perception 
index by aggregating seven core indicators using equal weighting (ω =
1/7). These indicators include being away, fascination, extent, 
compatibility, as well as the classical environmental psychology con
structs of environmental press, competence, and Fit. All variables were 
standardized using Z-score transformation and combined into an overall 
street satisfaction index. The composite score demonstrated a high 
correlation with participants' self-rated overall satisfaction (Pearson's r 
= 0.824, p < 0.001), confirming the validity of the indicator system. 
Internal consistency analysis revealed acceptable reliability among the 
seven indicators (Cronbach's Alpha = 0.78), supporting the appropri
ateness of equal weighting in the composite index construction. This 
strong alignment can be attributed to the guided and conceptually 
grounded design of the questionnaire. Specifically, a contextualized 
prompting strategy was employed during scale administration, with 
each indicator accompanied by everyday scenario examples. Addition
ally, the measurement of overall street satisfaction included a tiered 
explanation: following the core scale, participants were asked to provide 
a global satisfaction rating (on a 1–5 scale) based on their holistic 
experience. Accordingly, this study adopts participants' self-reported 
overall satisfaction as the measure of street space preference (Table 1).

3.2.3. Identification of younger and older adults on streets
Our approach captures observed spatial presence rather than 

comprehensive visitation behavior. The cross-sectional SVI analysis 
represents momentary presence and does not account for visit fre
quency, duration, or purpose. We therefore use ‘observed spatial 

Table 1 
Definitions and results of street satisfaction survey indicators based on ART and 
P-E Fit theory.

Indicator Definition Example 
Question

Mean S.D.

ART
Being away Refers to the 

psychological 
sense of distance 
from daily 
routines 
experienced in an 
environment, 
which helps 
relieve stress and 
restore attention.

When walking 
through this 
street/ 
neighborhood, do 
you feel you can 
temporarily 
escape from 
everyday chores 
or worries?

3.753 0.672

Fascination Refers to the 
features of an 
environment that 
naturally attract 
an individual's 
interest and 
attention without 
requiring much 
mental effort.

The scenery or 
elements here (e. 
g., greenery, 
public art, small 
installations) 
naturally catch 
your eye and 
make you want to 
look more.

2.895 0.255

Compatibility Refers to the 
degree to which 
the environment 
matches an 
individual's 
needs, supporting 
their 
psychological and 
emotional 
restoration.

The design and 
facilities of this 
street meet your 
needs for 
walking, leisure, 
or social 
interaction.

3.085 0.369

P-E fit
Environmental Press Refers to the 

demands or 
pressures exerted 
by the 
environment on 
individuals, 
including how 
external factors 
influence 
behavior and 
adaptation.

The sidewalks on 
this street are 
smooth and wide 
enough; you don't 
feel crowded or 
worried about 
tripping while 
walking.

2.497 0.366

Competence Refers to an 
individual's 
abilities or 
resources 
(psychological, 
cognitive, 
emotional, etc.) 
that enable them 
to cope with 
environmental 
demands and 
adapt effectively.

Your current 
physical or 
mobility 
condition is 
suitable for 
walking on this 
street; you don't 
feel too tired.

2.864 0.402

Person–Environment 
Fit

Refers to the 
degree of match 
between 
individual needs 
and 
environmental 
demands. High 
compatibility 
supports 
psychological 
well-being.

Overall, do you 
feel that this 
street presents a 
“moderate level 
of challenge” for 
you—neither too 
difficult nor 
overly simple or 
boring?

3.012 0.288

Overall Street 
Satisfaction

Refers to 
individuals' 
overall evaluation 
of the 
environment or 
activity, 

After walking or 
staying here for a 
while, do you feel 
more pleasant 
and relaxed 

3.128 0.294

(continued on next page)
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presence’ as a proxy indicator for visitation patterns.
We first integrated data from three sources: JAAD, MIAP, and our 

custom-developed SVI dataset. Approximately 20 % of the images from 
the SVI dataset were manually annotated for age classification using the 
LabelMe tool, which involved categorizing pedestrians into distinct age 
groups. In total, 9975 individuals were labeled, including 2784 older 
adults and 3164 younger adults, with the remaining assigned to other 
age categories. After data cleaning, all annotated images were randomly 
split into training (70 %), validation (15 %), and test sets (15 %), 
ensuring a roughly consistent distribution of age groups across all 
subsets.

In terms of model architecture, we adopted the state-of-the-art DINO 
detector (Caron et al., 2021) as the core detection framework and 
embedded the Tokens-to-Token Vision Transformer (T2T-ViT) as its 
backbone (Yuan et al., 2021). DINO utilizes a self-attention mechanism 
to integrate pedestrian detection and localization into an end-to-end 
pipeline, thereby eliminating the need for hand-crafted components 
such as anchor boxes and non-maximum suppression. It also demon
strates strong robustness in crowded scenes. The T2T-ViT backbone 
progressively aggregates image patches, effectively fusing local details 
with global contextual features. This design is advantageous for 
detecting small-scale and distant pedestrians in street scenes, such as 
identifying head contours. Additionally, we introduced a parallel branch 
in the output layer of the DINO transformer decoder to directly classify 
pedestrian age groups, enabling simultaneous processing of bounding 
box detection and age classification.

The training strategy was structured in two phases. In the first phase, 
we pretrained the model on the JAAD and MIAP datasets to allow it to 
learn general pedestrian appearance, attributes, and postures. In the 
second phase, we fine-tuned the model on the customized SVI dataset to 
better address the specific challenges of street scenes, including large 
variations in distance, lighting conditions, and camera angles. To 
enhance model robustness, we employed advanced data augmentation 
techniques such as multi-scale training to accommodate different 
pedestrian sizes, random cropping and rotation to simulate diverse im
aging conditions, AutoAugment for automated augmentation strategy 
optimization, and attention regularization to guide the transformer's 
focus on meaningful features. For optimization, we used the AdamW 
optimizer and adjusted the learning rate with cosine annealing over 
approximately 120 training epochs, gradually decreasing the learning 
rate after epoch 90 to improve the model's ability to identify edge cases 
and small targets.

During the testing phase, we evaluated the model on the official test 
sets of JAAD and MIAP, as well as our own SVI test set. The DINO de
tector with the T2T-ViT backbone achieved a mean average precision 
(mAP) of 90.2 % on JAAD and 91.8 % on MIAP. On the more challenging 
SVI dataset, which features complex backgrounds and variable imaging 
conditions, the model maintained an mAP of 88.5 %, indicating strong 
accuracy and generalization capabilities. For age group classification, 
the model achieved an average accuracy of 89.4 % across three cate
gories, with the younger group reaching 91.2 % accuracy and the older 
adults' group achieving 87.1 %. The slightly lower performance in the 

older adults' category is likely due to a smaller sample size and higher 
intra-group visual variability. This variability stems from greater di
versity in posture (stooped versus upright walking), frequent use of as
sistive devices such as canes and walkers that obscure body features, and 
wider variations in clothing styles ranging from traditional to contem
porary fashion among older adults. Attention heatmap visualizations 
revealed that the T2T-ViT backbone assigns greater weights to the head 
and hair regions, which are critical features for age estimation. Overall, 
this study demonstrates the feasibility and effectiveness of Vision 
Transformers for pedestrian detection and attribute recognition in 
street-level imagery, laying a solid technical foundation for their future 
large-scale deployment. While this detection framework effectively 
identifies age-differentiated spatial presence, the cross-sectional nature 
of the data means we assess momentary occupancy rather than longi
tudinal visitation behavior (Fig. 3).

3.3. Measurement of spatial experiential and structural indicators 
(independent variable)

3.3.1. Spatial experiential indicators from bottom-up perspectives
We selected spatial experiential indicators and spatial structural in

dicators as independent variables. Spatial experiential indicators 
include greenness, openness, building continuity, walkability, and 
imageability. These indicators are based on a resident-centered 
perspective and reflect individuals' subjective experiences within their 
living environments.

Greenness reflects the presence of green landscape elements such as 
grass, trees, vegetation, and green belts, aiming to capture the extent 
and distribution of vegetation along streets and enhance active envi
ronmental awareness (Samus et al., 2022). Openness refers to the spatial 
characteristics of unobstructed and expansive areas within the urban 
landscape, which contribute to the perceived spaciousness and sense of 
freedom in the built environment. For building continuity, we refined 
the traditional global-scale computation approach by incorporating 
geographic variation (Koohsari et al., 2013). Specifically, a 10-m buffer 
was created for each street segment, within which all sampling points 
were identified. The building ratio at each sampling point was compared 
with the average building ratio of the corresponding street. The absolute 
difference between the two was subtracted from 1 to quantify continuity 
(Table 2). This improved method accounts for differences in street 
width, type, and geographic location, thereby avoiding the biases 
introduced by applying a uniform formula across diverse street types 
such as rural paths, residential roads, urban expressways, and main 
arterial roads. Walkability assesses the extent to which the outdoor 
environment supports pedestrian activity, operationalized here as the 
ratio of sidewalk width to driveway width (Ewing & Handy, 2009). 
Imageability captures the visual richness and memorability of the built 
environment, characterized by the presence of objective street elements 
such as signage, sculptures, people, and benches (Samus et al., 2022).

3.3.2. Spatial structural indicators from top-down perspectives
The selected spatial structural indicators are derived from macro- 

level data sources such as remote sensing imagery and urban maps. 
These indicators reflect the objective physical characteristics of the built 
environment and are commonly used by planning authorities for top- 
down monitoring and management. The indicators include the 
Normalized Difference Vegetation Index (NDVI), road width, Floor Area 
Ratio (FAR), betweenness centrality (BtA), and the Shannon Diversity 
Index (SHDI) (Fig. A2).

NDVI is an index that measures vegetation density and health, 
calculated by comparing the reflectance of red and near-infrared bands. 
Consistent with other studies (Chen et al., 2023), NDVI was used to 
detect vegetation growth and coverage within a regional scope.

Road width refers to the actual physical width of a road. We obtained 
different street grades from OSM, and according to the Technical stan
dard of highway engineering published by the Ministry of Transport of 

Table 1 (continued )

Indicator Definition Example 
Question 

Mean S.D.

combining 
subjective 
satisfaction and 
actual restoration 
effects.

physically and 
mentally?

Note: All items were measured using a 5-point Likert scale, where respondents 
rated their level of agreement from 1 (strongly disagree) to 5 (strongly agree) 
based on their perception. The Mean and S.D. values represent aggregated sta
tistics for the entire sample (N = total respondents) rather than averaged values 
across age groups.
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China (https://xxgk.mot.gov.cn/2020/jigou/glj/202006/P020200 
623696253534010.pdf), assigned different widths to different roads: 
47.5 m for expressways, 40 m for primary roads, 30.5 m for secondary 
roads, 20.5 m for tertiary roads, and 3 m for other roads.

FAR refers to the ratio of the total floor area of a building to the area 
of its plot, used to assess the development density of a plot. We obtained 
the latest building data from the Shenzhen Municipal Government Open 
Data Platform (including building footprint and floors) and calculated 
the FAR value for each study unit.

Within the Spatial Design Network Analysis (sDNA) framework, 
betweenness is a key metric for measuring the strategic importance of 
nodes or paths in a network. This study selected a 500-m radius as the 
analysis scale for pedestrian street connectivity (Betweenness Angular 

500, i.e., BtA500), which is the comfortable walking distance for pe
destrians used in existing research (Sarkar et al., 2015). Within this 
range, by calculating the betweenness of street nodes or paths, we can 
identify key connection points and paths in the pedestrian network.

Finally, SHDI was applied to calculate the spatial diversity index. We 
collected a large number of Points of Interest (POI) data using the Baidu 
API and categorized these data into six different types (Table 3). Based 
on these classifications, SHDI was calculated to quantify the diversity 
and even distribution of POI types within a region.

3.4. Model architecture

We selected the Light Gradient Boosted Machine (LightGBM) (Ke 
et al., 2017) as our primary model for predicting key audio-visual 
perception variables. Additionally, we employed LightGBM to analyze 
the intricate relationships between key spatial structural variables, 
spatial experiential variables, and the complex perceptions of the older 
and younger adults. The decision to use LightGBM was based on several 
critical factors: Firstly, LightGBM exhibits superior training speed and 
efficiency compared to many other algorithms, an advantage that stems 
from its unique histogram-based splitting algorithm. This algorithm 
accelerates the training process by discretizing continuous feature 
values into several distinct bins. Secondly, it reduces memory con
sumption by converting continuous values into discrete bins. Most 
importantly, thanks to its leaf-wise splitting strategy, as opposed to the 
conventional level-wise approach, LightGBM is capable of constructing 
more complex tree structures, thereby surpassing other boosting algo
rithms in terms of accuracy.

We conducted our model analysis using the Python Scikit-Learn li
brary. During the parameter tuning process, a random search method 
was employed, initially defining an extensive grid encompassing a va
riety of potential parameters, including the maximum depth of the tree, 
number of trees, learning rate, minimum loss reduction required for 
further splitting, L1 and L2 regularization parameters, minimum weight 
needed for a child node, the proportion of columns sampled per tree, and 
the proportion of the subsample. We implemented the random search 
through the RandomizedSearchCV tool, comprehensively evaluating 

Fig. 3. Workflow diagram of a multi-source pedestrian age classification framework using token-to-token vision transformer and joint detection-attribute modeling 
in urban street scenes.

Table 2 
Formulas and explanations of spatial experiential indicators.

Indicators Formulas Explanations

Greenness
Gi =

∑2
i=1 GPi

∑2
i=1 Pi

GPidenotes the proportion of 
green pixels, including 
plant, tree and grass; Pi is the 
total number of pixels in 
image i.

Openness Oi =
SPi

Pi

SPidenotes the proportion of 
sky pixels.

Building 
continuity

BCi = 1 − ∣Bi − Bi∣ Bi denotes the proportion of 
building pixels, Bi represents 
the average value of 
building pixels on the road 
at that sampling point.

Walkability
Wi =

∑2
i=1P1i

∑2
i=1(Ri + P1i)

Ri denotes the proportion of 
road pixels, and P1i denotes 
the proportion of sidewalk 
pixels.

Imageability Ii =

1
2
∑2

i=1
(Si + S1i + Bi + P2i + B1i)

Si denotes the proportion of 
signboard pixels, S1i denotes 
the proportion of sculpture 
pixels, P2i denotes the 
proportion of person pixels, 
B1i denotes the proportion 
of bench pixels.
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different parameter combinations through 5-fold cross-validation. This 
process not only assisted in identifying the optimal parameter combi
nation but also provided the corresponding best scores. The detailed 
information on hyperparameters can be found in Appendix B. Model 
performance and hyperparameters for LightGBM models.

Subsequently, we employed GeoShapley to describe the dependency 
of street satisfaction preferences among older and younger adults on 
experiential and structural spatial indicators. GeoShapley is an inter
pretability method that accounts for spatial dependence (Li, 2024). 
Traditional SHAP assigns contribution values to individual features 
based on their influence on model predictions (Lundberg & Lee, 2017). 
In contrast, GeoShapley incorporates spatial relationships, making it 
particularly suitable for handling geographically distributed data. Given 
that the LightGBM model does not capture spatial variation in feature 
influence, this study utilized GeoShapley to provide spatially explicit 
interpretations.

4. Results

4.1. Intergenerational differences in street visitation and satisfaction

This study employs spatial behavioral analysis to reveal intergener
ational differences between younger adults and older adults in Shenzhen 
in terms of street visitation patterns and street satisfaction assessments 
(Fig. 4). The findings indicate disparities between the two groups in both 
the spatial distribution of street activities and dimensions of streetscape 
satisfaction. Notably, older adults demonstrate a more balanced spatial 
distribution of activities and relatively higher levels of streetscape sat
isfaction—especially pronounced in emerging urban areas such as 
Longhua District.

Regarding street visitation behavior, younger adults exhibit a clear 

spatial clustering pattern: their core activity zone is concentrated around 
the Shenzhen North Railway Station transport hub in Longhua District (a 
high-density core), with secondary clusters in the eastern urban villages 
of Luohu District, Loucun Community in Guangming District, and the 
eastern industrial zones of Bao'an District. In contrast, the northern in
dustrial zone of Bao'an and Dameisha Village in Yantian District show 
distinctly low activity levels. Older adults, by comparison, demonstrate 
a multi-centered and dispersed visitation pattern, with relatively high 
densities observed across all administrative districts; however, there is a 
noticeable dip in activity within the traditional urban centers of Futian 
and Luohu. This counterintuitive pattern, wherein older adults exhibit 
lower engagement in well-established central districts, may be attrib
utable to multiple factors, including traffic congestion, higher living 
costs, limited accessible seating and rest facilities, and a preference 
among older adults for quieter, community-based environments closer 
to their residences. Comparative analysis reveals pronounced differ
ences in visitation intensity between the two age groups in transport 
hubs, urban villages, and industrial zones, reflecting a typical spatial 
clustering effect. This may be closely related to younger adults' 
commuting demands, housing affordability, and employment 
opportunities.

In terms of streetscape satisfaction, both age groups reported higher 
levels of satisfaction in urban core districts such as Nanshan and Futian, 
whereas Longhua District consistently received lower ratings. Cross- 
group comparisons show that older adults have a higher proportion of 
positive evaluations regarding overall streetscape satisfaction than 
younger adults. Spatial heterogeneity analysis further reveals that while 
Longhua and Longgang Districts show stable intergenerational gaps in 
streetscape satisfaction, other areas exhibit highly fragmented and 
mixed patterns of intergenerational differences.

4.2. Intergenerational differences in perceived street environment 
satisfaction

To examine the influence of intergenerational variation on public 
space perception, we normalized the evaluations of younger and older 
adults across six dimensions of streetscape satisfaction—being away, 
fascination, compatibility, environmental press, competence, and per
son–environment fit—and calculated the intergenerational differences 
(Fig. 5; see also Fig. A1 for extended spatial visualization).

For the being away dimension, the most prominent perceptual dis
parities were observed in Futian, Nanshan, and Luohu districts, where 
younger adults perceived these areas as offering greater psychological 
detachment and relaxation. This may be attributed to their preference 
for open landscapes and vibrant urban environments (Fig. 5a). In the 
fascination dimension, intergenerational differences appeared more 
evenly distributed across the city, though several high-difference clus
ters were identified in parts of Bao'an and Longhua. These results suggest 
that younger adults tend to rate these areas as less engaging, potentially 
due to their higher expectations for novelty and diversity in urban ex
periences (Fig. 5b).

With regard to compatibility, significant spatial clusters of inter
generational difference emerged in northern Longhua and western 
Longgang. Younger adults perceived a lower degree of alignment be
tween environmental attributes and personal needs in these areas, 
possibly influenced by deficiencies in public services, spatial scale, or 
functional integration (Fig. 5c). For environmental press, perceptual 
gaps were mainly concentrated in southern Futian, Nanshan, and 
Bao'an, where younger adults were more sensitive to the sensory stimuli 
and informational density of central urban areas, reflecting their 
stronger motivation for exploration and activity (Fig. 5d).

In the competence dimension, older adults in Nanshan and Futian 
gave consistently higher evaluations, likely due to their greater reliance 
on infrastructure, healthcare services, and accessible facilities, which 
enhance their sense of environmental adaptability (Fig. 5e). In contrast, 
younger adults showed lower scores in person–environment fit, possibly 

Table 3 
Formulas and explanations of spatial structural indicators.

Indicators Formulas and explanations Data sources

NDVI
NDVI =

(NIR − RED)
(NIR + RED)

NIR represents the reflectance in the near- 
infrared band, and RED represents the 
reflectance in the red-light band.

United States 
Geological Survey 
(https://www.usgs.go 
v/landsat-missions 
/landsat-normalized 
-difference-vegetation 
-index)

Road 
width

Widths of different road classes. OpenStreetMap (OSM) 
(https://www. 
openstreetmap. 
org/#map=8/23.611 
/120.768)

FAR FAR =
Total Floor Area of the Building

Area of the Plot
Shenzhen Municipal 
Government Open Data 
Platform 
(https://opendata.sz. 
gov.cn/data/dataSet 
/toDataDetails/29200 
_00300237)

BtA500 Betweenness (x) =
∑

y∈N

∑

z∈Ry
W(y)W(z)P(z)OD(y, z, x)

Here, x is a given node in the network, N is 
the set of all nodes in the network, Ry is the 
set of all nodes that are reachable from node 
y, W(y) and W(z) are weight functions, 
representing the weight of nodes y and z, 
respectively, P(z) represents the number of 
shortest paths passing through node z, 
OD(y, z, x) is a function that indicates the 
proportion of all shortest paths from y to z 
that pass through node x.

OpenStreetMap (OSM) 
(https://www. 
openstreetmap. 
org/#map=8/23.611 
/120.768) 
sDNA 
(https://sdna.cardiff. 
ac.uk/sdna/)

SHDI SHDI = −
∑n

i=1
(pi × log(pi) )

Here, pi represents the proportion of POIs of 
type i relative to the total number of POIs, 
and n is the total number of POI categories

BaiduMap 
(https://lbsyun.baidu. 
com/)
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Fig. 4. Spatial distribution and intergenerational differences in street visitation patterns and street satisfaction among younger and older adults in Shenzhen.

Fig. 5. Spatial differences in perceived street environment dimensions between younger and older adults across six cognitive domains in Shenzhen.
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due to cognitive desensitization from frequent exposure to central dis
tricts or a persistent mismatch between personal aspirations and the 
urban environment (Fig. 5f).

See also Fig. A4 (Appendix A) for the spatial distribution of perceived 
environmental qualities across age groups.

4.3. Intergenerational analysis of spatial visitation and satisfaction 
alignment

Fig. 6 illustrates the spatial distribution patterns resulting from the 
cross-classification of actual spatial visits and perceived satisfaction 
among younger and older adults. By combining high and low levels of 
spatial visitation (H/L) with high and low satisfaction (H/L), four cat
egories are derived: HH (High Visits + High Satisfaction), HL (High 
Visits + Low Satisfaction), LH (Low Visits + High Satisfaction), and LL 
(Low Visits + Low Satisfaction). To operationalize this classification, we 
employed a quantile-based approach, dividing both street visitation 
frequencies and satisfaction scores at their respective median values to 
distinguish between high (H) and low (L) categories for each dimension.

The analysis reveals a general phenomenon of “cognitive-behavioral 
dissonance” in spatial experience across both age groups. However, in 
areas with optimal spatial fit, as represented by the HH category, there is 
a notable geographical convergence between generations, with both 
groups concentrated in the core areas of Nanshan, Futian, and Bao'an. 
This spatial consistency is likely attributable to the well-developed 
public service infrastructure and multifunctional urban environments 
in these regions, which collectively accommodate the spatial needs and 
satisfaction of diverse age groups.

In contrast, the eastern industrial park zone of Bao'an displays 
intergenerational divergence. While younger adults tend to cluster in the 
HH category, older adults exhibit low visitation rates and inconsistent 
satisfaction. This disparity may be linked to the mono-functional nature 
of the industrial area, the lack of age-friendly amenities, and accessi
bility barriers for older adults.

Furthermore, in peripheral non-central urban areas characterized by 
low satisfaction for both groups, intergenerational differences become 
more pronounced. In the northern parts of Bao'an, Yantian, and Long
hua, both age groups report low satisfaction, yet older adults show 
higher actual visitation compared to youth, who tend to avoid these 
spaces. Conversely, in the northwest of Longgang, an area also marked 
by low satisfaction across generations, younger adults demonstrate high 
visitation. This may reflect a passive spatial choice driven by housing 
affordability, wherein commuting youth are compelled to use these 
areas due to residential location constraints under conditions of 
job–housing separation.

4.4. Comparative analysis of multi-model predictions of spatial visitation 
and satisfaction differences

To uncover the underlying mechanisms driving differences in actual 
spatial visitation and perceived satisfaction between older and younger 
adults, we constructed predictive models for four scenarios (Fig. 7).

Overall, LightGBM demonstrated the best performance across all 
scenarios, with Adjusted R2 values ranging from 0.542 to 0.612, out
performing the other models. It also achieved the lowest error metrics, 
with RMSE ranging from 0.014 to 0.203 and MAPE ranging from 0.048 
to 0.062, indicating its strong capacity for handling high-dimensional 
nonlinear features and capturing the complex relationships between 
spatial behaviors and perceptions of different age groups.

XGBoost, SVR, and Decision Tree models performed moderately 
well, showing better performance than the OLS model in terms of both 
Adjusted R2 and error metrics (MAPE and RMSE), though their stability 
varied across scenarios. In predicting actual visitation among younger 
adults, SVR achieved an Adjusted R2 of 0.502, closely approaching that 
of LightGBM (0.542), yet its performance in other scenarios was rela
tively weaker.

In contrast, the OLS model consistently showed the lowest perfor
mance, with Adjusted R2 values ranging from 0.237 to 0.433, suggesting 
that linear regression is inadequate for capturing the complex mecha
nisms underlying spatial visitation and perception patterns.

LightGBM offers superior stability and predictive power across 
multiple scenarios, and was thus selected for subsequent GeoShapley 
analysis to further explore the contribution of spatial features to 
behavioral and perceptual differences between older and younger pop
ulations. Detailed model parameters and performance metrics are pro
vided in Fig. A3 and Table A1.

4.5. Spatial distribution of model performance and error analysis

We conducted a weighted analysis of the prediction models for actual 
spatial visitation and perceived satisfaction among younger and older 
adults, calculating the mean explained variance (MEV) and residuals 
(Fig. 8). MEV is a high-level indicator of a model's explanatory power
—the closer the value is to 1, the better the prediction performance. 
Residuals reflect the difference between predicted and actual values, 
with absolute values closer to 0 indicating lower prediction error. To 
visually represent prediction performance, we applied a septile classi
fication method. Colors closer to the middle of the scale (orange and 
yellow) indicate better model fit. The results reveal a mixed spatial 
distribution of predictive performance across both age groups, with 
older adults' models performing slightly better overall.

Fig. 6. Spatial alignment and mismatch between street visitation and satisfaction among older and younger adults in Shenzhen.
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MEV values for both age groups are mostly concentrated around 1, 
with similar spatial patterns and no clear clustering effects. Older adults 
show slightly higher MEV values, ranging from 0.523 to 2.012, while the 
range for younger adults is narrower, from 0.484 to 1.927. Residual 
analysis further highlights differences in prediction errors. Residuals for 
older adults range from 0.014 to 0.173, while those for younger adults 
range from 0.018 to 0.180, suggesting that the prediction error is 
slightly lower for older adults. Additionally, both groups show wide
spread areas with residuals close to 0, indicating low prediction errors in 
most regions.

The MEV and residual heatmaps reveal that the model predicting 
actual visitation for older adults shows the most concentrated distribu
tions, with values clustering near the point (1,0). Specifically, MEV 
values are concentrated between 0.8 and 1.4, while residuals are clus
tered between 0.02 and 0.04. In contrast, the parameter distributions for 
other models are more dispersed, indicating that the visitation predic
tion model for older adults is comparatively more stable.

4.6. Nonlinear and combinatorial effects underlying intergenerational 
differences in visitation and streetscape satisfaction

We further applied GeoShapley analysis to the predictive factors in 
the LightGBM models to reveal how spatial structural and experiential 
indicators influence the actual visitation and perceptual satisfaction of 
younger and older adults (Fig. 9). Detailed quantitative SHAP value 
distributions and ranges for all spatial indicators are provided in the 
Supplementary Materials (Table S1). The results indicate a degree of 
behavioral-perceptual synergy among the younger group, whereas street 
visitation and satisfaction among older adults appear to be driven by 
different mechanisms. Regardless of age, environments characterized by 
high greenness and spatial diversity tend to enhance environmental 

perception, while overly open spaces reduce perceived comfort.
Younger adults exhibit stronger behavioral-perceptual coherence in 

relation to certain spatial indicators. FAR, SHDI, and greenness have a 
positive influence on both actual visitation and perceived satisfaction for 
the younger group. Among these, FAR and SHDI exert a stronger influ
ence on actual visitation, suggesting that younger adults are more active 
in areas with high functional density and spatial diversity, and this 
behavioral preference aligns with their environmental perceptions. 
Greenness has a similar influence across both dimensions, reflecting the 
stable appeal of green spaces for younger individuals. Notably, NDVI has 
a positive influence on perception but a negative effect on actual visi
tation. This divergence may stem from the fact that NDVI reflects 
vegetation density and health—high NDVI values often correspond to 
large greenfield areas that, while visually pleasing, may lack functional 
amenities and accessibility.

In contrast, none of the indicators show a consistent and directional 
influence on both behavior and perception for older adults, implying 
that their spatial actions and environmental perceptions may be gov
erned by distinct decision-making logics. Several indicators, while 
showing similar magnitudes of influence, reveal completely opposite 
effects across dimensions. For instance, FAR and sDNA negatively affect 
older adults' visitation but positively influence their perceptual satis
faction. This contrast may arise because high-density development and 
strong connectivity, while offering convenience and diverse choices, 
often involve complex mobility environments, which older individuals 
may prefer to avoid due to navigational challenges or perceived 
discomfort.

From a cross-group perspective, NDVI, SHDI, greenness, and FAR all 
exert a positive influence on perceived satisfaction for both younger and 
older adults. This suggests that, regardless of age, good vegetation 
coverage, rich spatial form, and appropriate development intensity 

Fig. 7. 3D bar chart of model performance metrics for predictions using linear and nonlinear regression models.
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contribute positively to environmental perception. Conversely, road 
width and spatial openness have a negative impact on perceptual 
satisfaction across both groups, indicating that excessively wide roads 
and open spaces may reduce the subjective environmental quality.

Regarding actual visitation, road width is the only factor that posi
tively influences both age groups. Wide roads improve accessibility and 
convenience for both younger and older individuals, and they allow for 
more rational spatial allocation of traffic rights—for example, dedicated 
lanes for vehicles, bicycles, and pedestrians, along with buffer zones and 
safety islands. These features effectively separate different modes of 
travel, thereby enhancing safety. This positive effect is more pronounced 
among younger adults, likely due to their higher travel frequency, 
whether for commuting or recreational purposes.

5. Discussion

5.1. Using new technologies to identify spatial intergeneration 
segregations

Previous studies have used SVI to survey static built environment 
features like green coverage, enclosure, and density, while dynamic el
ements such as pedestrians and vehicles have received less attention due 
to their temporal variability and the high cost of traditional data 
collection. However, recent studies using object-tracking techniques on 
SVI have shown strong correlations with field measurements, offering a 

scalable approach for pedestrian monitoring (Chen et al., 2020).
Building on this foundation, we developed a novel approach to 

identify pedestrian age groups from SVI. We first trained deep learning 
models using existing annotated datasets (e.g., RAP v2, PETA) and 
subsequently refined the model using a self-constructed and labeled 
dataset based on SVI in residential areas. The results showed that models 
incorporating our custom dataset achieved higher classification accu
racy. By integrating DeepLab v3+ with EfficientNet, we successfully 
classified pedestrian age groups in public spaces across residential 
neighborhoods in Shenzhen.

In addition, this study leverages SVI and deep learning within a 
unified analytical framework to conduct large-scale assessments of age- 
based perceptual preferences toward urban space. This framework en
ables the simultaneous capture of perception data from both younger 
and older adults under identical spatial conditions, thereby minimizing 
the bias that may arise from environmental variability across different 
observation sites. This approach addresses the methodological limita
tions of separate group assessments and provides a novel technical 
pathway for more accurately identifying intergenerational differences in 
spatial perception.

According to (Giles-Corti et al., 2005), individuals are more likely to 
walk through spaces perceived as attractive. Other studies have simi
larly emphasized that analyzing spatial behaviors can help uncover the 
relationships between residents and their surrounding environments 
(Garrido-Valenzuela et al., 2023). However, empirical analyses reveal 

Fig. 8. Spatial distribution and density heatmaps of weighted mean explained variance (MEV) and residuals for visitation and streetscape satisfaction models across 
age groups.
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that spatial preferences and actual behaviors are not always aligned, 
particularly in non-central urban areas and industrial zones, where 
intergenerational differences in preference become pronounced. For 
example, in the eastern industrial parks of Bao'an District, younger 
adults exhibit high visitation frequency and satisfaction levels, whereas 
older adults show low visitation rates and inconsistent satisfaction as
sessments. This divergence between preference and behavior suggests 
that the mechanisms of spatial attraction may differ across age groups, 

challenging the explanatory adequacy of the classic “attrac
tion–visitation” paradigm. By incorporating age attributes into the 
analysis, this study complements Gehl's framework and offers a more 
comprehensive understanding of the heterogeneity and underlying 
drivers of intergenerational spatial behavior. These intergenerational 
spatial patterns are particularly pronounced in Shenzhen due to its rapid 
internal migration and stark job-housing separation, where younger 
adults concentrate near employment centers while older adults remain 

Fig. 9. GeoShapley-based analysis of the nonlinear and combinatorial effects of spatial indicators on visitation and streetscape satisfaction across age groups.
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in peripheral communities. This context-specific amplification raises 
important considerations regarding the generalizability of our findings 
to cities with more stable demographic structures.

5.2. Beyond lip service: gaps between spatial preference and travel 
behavior across generations

This study draws on a “spatial cognition–behavior trajectory” 
framework and integrates insights from ART and the P–E Fit model to 
explore the phenomenon of misalignment between stated spatial pref
erences and actual behaviors across different age groups. Based on a 
perceptual-preference online questionnaire, we identified a clear inter
generational disparity in the extent of this disconnect. Among older 
adults, this “lip service” effect is particularly evident: despite expressing 
negative evaluations of street environments in peripheral urban areas, 
many continued to frequent these locations. In contrast, younger adults 
exhibited a stronger alignment between perception and action, sug
gesting a greater tendency to adjust spatial choices in accordance with 
personal preferences.

By further analyzing the impact of experiential and structural in
dicators on both groups, we uncovered patterns of synergy or divergence 
between spatial perception and actual visitation behaviors, offering a 
novel interpretive framework for understanding intergenerational 
spatial differentiation. For younger adults, the coherence between 
spatial perception and behavior is largely associated with factors linked 
to urban vitality—such as high development density and mixed land use. 
This finding aligns with the work of Puhakka et al. (2015), which 
highlights younger adults' preference for diverse and socially engaging 
environments, and confirms that such preferences are more likely to be 
translated into concrete spatial behaviors.

In contrast, older adults showed a clear disconnect between 
perception and behavior. No environmental indicator consistently 
influenced both aspects for this group. This “lip service” pattern chal
lenges earlier findings that highlight environmental friendliness as key 
to older adults' spatial engagement (Van Hoof et al., 2021). Our results 
suggest that better environmental quality alone does not lead to greater 
use of space. Instead, their spatial behaviors appear constrained by 
multiple overlapping mechanisms. Glass and Balfour (2009) identified 
four key sources of older adults' heightened vulnerability to neighbor
hood environments: longer duration of residential exposure, increased 
biological and psychological vulnerability, shrinking spatial life space, 
and greater reliance on proximate community resources. These struc
tural constraints may explain why older adults continue visiting pe
ripheral areas despite negative evaluations. Habitual routines 
established over decades (Meijering et al., 2024), residential proximity 
limiting alternative choices, established social networks concentrated in 
familiar locations, and constrained mobility capital (Feng, 2017) 
collectively override subjective environmental preferences in deter
mining actual spatial engagement. This finding reveals a fundamental 
paradox in classical P-E Fit theory: while the framework predicts that 
older adults would actively avoid high environmental press contexts, 
our evidence demonstrates continued visitation despite low satisfaction. 
This inconsistency suggests that non-environmental factors including 
habitual routines, social networks, residential proximity, and lack of 
accessible alternatives may override subjective environmental evalua
tions in shaping older adults' spatial behavior, thereby extending P-E Fit 
theory beyond its original person-environment compatibility 
assumptions.

Our study identifies key environmental features that enhance 
perceptual inclusivity across age groups. Elements such as NDVI, 
greenness, SHDI, and FAR positively influence spatial perception for 
both younger and older adults, offering restorative environments that 
meet diverse psychological needs and support varying abilities and 
preferences. These shared perceptual drivers provide a strong founda
tion for designing intergenerationally inclusive public spaces. However, 
whether this perceptual consensus leads to shared spatial behaviors 

remains uncertain. Given older adults' tendency toward “lip service,” a 
key challenge in street planning is translating cognitive alignment into 
actual intergenerational engagement.

5.3. Planning recommendations to reduce spatial intergenerational 
segregation

Based on the in-depth analysis of spatial mismatch and intergener
ational differentiation in this study, we propose the following planning 
recommendations. Informed by the spatial justice literature and recent 
geospatial assessments of age-friendly environments in European con
texts (Świąder et al., 2025), our analysis of spatial mismatch and inter
generational differentiation suggests planning recommendations that 
acknowledge the foundational importance of co-production methodol
ogies central to the WHO age-friendly framework (WHO, 2007).

First, the study highlights key environmental elements that can help 
align spatial preferences with actual behaviors among both younger and 
older adults. Urban planners should focus on improving green infra
structure such as parks and street greenery, which our findings reveal as 
shared perceptual drivers (NDVI, greenness, SHDI). Functional mix re
quires calibration: high intensity mixing attracts younger adults but 
generates preference behavior decoupling among older adults. Road 
width uniquely promotes visitation across both generations by accom
modating diverse mobility modes. These patterns challenge Gehl's 
attraction visitation paradigm, showing perceived attractiveness does 
not uniformly predict spatial behavior across age groups. Environments 
that are too uniform or excessively dense may hinder accessibility and 
inclusivity. Importantly, road width emerged as the only factor pro
moting visitation across both age groups, underscoring the need for a 
layered street network. At the neighborhood level, micro-circulation 
systems with a three to five minute walking radius can support older 
adults' mobility. At the meso scale, ten to fifteen minute living circles 
with wider streets and mixed-use environments can cater to younger 
adults' social and exploratory needs. At the macro scale, road networks 
should connect seamlessly with public transit to ensure broader acces
sibility and spatial equity.

Second, for spatial features preferred by younger adults such as high- 
intensity functional mixing and spatial diversity, planning strategies 
should adopt a more inclusive design approach. While these environ
ments attract younger users, they may deter older adults. In high- 
visitation zones such as transport hubs, industrial parks, and commer
cial centers, a “spatial memory preservation” strategy is recommended. 
This involves retaining familiar spatial elements such as traditional 
street names, iconic façades, and neighborhood textures to strengthen 
older adults' sense of recognition and belonging while easing navigation. 
Additionally, intergenerational-friendly micro-spaces can be incorpo
rated into dynamic areas. Within transport hubs, planners could create 5 
by 8 m alcoves featuring heritage photo walls paired with digital way
finding screens, tiered seating at 45 cm and 50 cm heights accommo
dating different user needs, and traditional street furniture styles. Such 
spaces enable older adults to maintain spatial recognition while meeting 
younger adults' expectations for contemporary functionality. By inte
grating memory continuity with contemporary function, these mixed- 
use environments can foster more inclusive public spaces (Kim, 2019; 
Wen et al., 2018). These planning interventions must be understood as 
mechanisms for advancing spatial justice by addressing the structural 
factors that generate unequal spatial outcomes, including housing 
affordability, transportation equity, and the uneven distribution of 
urban amenities (Buffel et al., 2024; Greenfield, 2018).

Third, for spatial features that support the needs of older adults such 
as imageability and perceived safety, it is important to enhance urban 
vitality and functional diversity while maintaining environmental 
recognizability, especially in non-central areas. Traditional image
ability, which relies on point-based landmarks, may not fully support 
older adults' spatial cognition and may fall short of meeting younger 
users' expectations for interactivity and social engagement. To address 
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this, we recommend expanding imageability through concrete in
terventions: wayfinding signage at 80 m intervals with pictographic 
symbols, thematic paving patterns demarcating neighborhood bound
aries, community murals narrating local histories at key nodes, and 
consistent street furniture creating recognizable spatial sequences. 
These layered cues enable older adults to construct cognitive maps while 
providing younger users with legible, engaging environments. This 
approach creates a multi-level memory network that enables older 
adults to navigate beyond familiar surroundings while also fostering 
vibrant environments that engage younger users.

5.4. Limitations and further work

This study has several limitations. First, SVI is subject to seasonal 
variability, whereas travel behavior changes dynamically across times of 
day and seasons. Although we employed large volumes of SVI data to 
estimate pedestrian distributions across residential areas, such data may 
overlook finer temporal patterns, such as morning versus evening dif
ferences. Future studies should incorporate more time-sensitive methods 
to capture these variations. Second, while deep learning techniques 
enabled identification of younger and older adults in SVI, age classifi
cation remains coarse. More detailed datasets, including middle-aged 
adults and children, could enhance the precision of cross-age spatial 
behavior analysis. Third, integrating multi-source data such as mobile 
signaling could help distinguish residents from visitors, offering deeper 
insight into group-specific spatial behaviors. This distinction is partic
ularly important for urban planning efforts seeking to balance local 
needs with tourism development.

6. Conclusions

This study systematically investigated the phenomenon of “prefer
ence-behavior inconsistency” in urban street spaces, referring to the 
spatial mismatch between subjective satisfaction and actual visitation 
among younger and older adults in Shenzhen. It adopted an innovative 
computer vision framework that integrates multi-source big data with 
an online questionnaire designed under the theoretical lens of ART and 
the P–E Fit model.

The main findings are as follows:
First, we developed a pedestrian age recognition model based on 

DINO and T2T-ViT architectures, which enabled accurate identification 
of younger and older adults in street view imagery. This approach 
overcomes the limitations of traditional survey methods in terms of 
sample size and spatial coverage, offering robust technical support for 
large-scale studies on intergenerational spatial behavior.

Second, the results revealed pronounced intergenerational spatial 
differentiation. Young adults exhibited highly clustered spatial activity 
patterns, concentrated around transportation hubs and industrial parks. 
In contrast, older adults showed a dispersed, polycentric pattern, with 
relatively low activity density in central urban areas. These patterns 
reflect fundamental differences in residential choice and daily mobility 
behavior across age groups.

Third, the spatial distribution of perceptual differences was strongly 
aligned with urban functional zones. Young adults rated the aesthetic 
and vibrancy of central areas more positively, but gave lower ratings to 
their perceived safety and affluence compared to older adults. In non- 
core areas, young adults were also more sensitive to perceptions of 
monotony and environmental pressure.

Fourth, the study uncovered distinct intergenerational patterns of 
preference-behavior mismatch. In non-central areas, both groups 
expressed relatively low satisfaction, yet exhibited divergent visitation 
behaviors. This finding challenges the universality of the traditional 
“attraction–visitation” paradigm.

Fifth, using GeoShapley analysis, we explored the driving factors of 
intergenerational spatial differentiation. Young adults showed a 

tendency toward preference-behavior alignment, as indicators like FAR, 
SHDI, and greenness promoted both satisfaction and visitation. In 
contrast, older adults exhibited clear preference-behavior inconsistency, 
with no factor consistently influencing both perception and behavior. 
Green infrastructure and spatial diversity enhanced perceptual satis
faction for both groups, while road width was the only variable that 
positively influenced actual visitation across both age cohorts.

These findings extend existing environmental behavior theories 
while challenging their conventional assumptions. They also provide 
comprehensive empirical evidence to support the design of cognitively 
and behaviorally inclusive street spaces that foster intergenerational 
integration.

This study systematically investigated preference-behavior incon
sistency in urban street spaces by examining the spatial mismatch be
tween subjective satisfaction and actual visitation among younger and 
older adults in Shenzhen. We adopted an innovative computer vision 
framework integrating multi-source big data with an online question
naire grounded in ART and the P-E Fit model, developing a pedestrian 
age recognition model based on DINO and T2T-ViT architectures that 
enabled large-scale identification of intergenerational spatial patterns.

Our analysis revealed pronounced intergenerational spatial differ
entiation driven by divergent urban engagement logics. Younger adults 
exhibited clustered activity patterns around transportation hubs and 
industrial parks with preference behavior alignment where environ
mental attractiveness predicts visitation. Older adults demonstrated 
dispersed distributions reflecting behaviors constrained by habitual 
routines, residential proximity, and social networks rather than sub
jective evaluations. Critically, we uncovered distinct preference- 
behavior mismatch patterns in non-central areas where both groups 
expressed low satisfaction but exhibited divergent visitation behaviors, 
fundamentally challenging the traditional attraction-visitation para
digm. GeoShapley analysis revealed that younger adults demonstrated 
preference behavior alignment through synergistic effects of FAR, SHDI, 
and greenness. Critically, older adults exhibited systematic decoupling 
with no factors consistently influencing both perception and behavior, a 
pattern explained by structural constraints including shrinking life 
space, constrained mobility capital, and reliance on proximate com
munity resources that override subjective preferences in determining 
actual spatial engagement. Green infrastructure and spatial diversity 
enhanced satisfaction across age groups, while road width emerged as 
the sole variable positively influencing visitation for both cohorts.

These findings extend existing environmental behavior theories 
while challenging their conventional assumptions, providing empirical 
evidence to support cognitively and behaviorally inclusive street design 
that fosters intergenerational integration. B By revealing systematic 
decoupling between perception and behavior among older adults, our 
study demonstrates that structural mechanisms (mobility limitations, 
residential inertia) and psychological mechanisms (habitual routines, 
social embeddedness) collectively shape spatial behavior beyond tradi
tional person environment compatibility frameworks. This finding calls 
for age differentiated planning approaches addressing both environ
mental quality and the life course contingencies mediating environment 
behavior relationships across demographic cohorts.
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Appendix A. Figures

Fig. A1. Spatial distribution of perceptual and environmental dimensions across older and younger populations.
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Fig. A2. Spatial distribution of structural and experiential indicators across different years.
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Fig. A3. Model performance comparison across age groups and outcomes using R2 and RMSE metrics.
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Fig. A4. Spatial distribution of perceived environmental qualities among older and younger adults based on ART and P-E Fit theories.
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Appendix B. Model performance and hyperparameters for LightGBM models

Table A1 
Optimized hyperparameters and performance for LightGBM models.

Parameter Older Adults Occurrence Older Adults Satisfaction Younger Adults Occurrence Younger Adults Satisfaction

n_estimators 520 640 580 600
learning_rate 0.032 0.018 0.036 0.025
max_depth 6 8 7 9
min_child_weight 4.2 5.0 3.8 4.5
subsample 0.82 0.87 0.78 0.8
colsample_bytree 0.76 0.73 0.81 0.78
reg_alpha (L1) 0.1 0.25 0.05 0.2
reg_lambda (L2) 0.85 1.0 0.9 1.1
min_split_gain 0.01 0.02 0.015 0.025
random_state 42 42 42 42
cross-validation folds 5 5 5 5
R2 0.601 0.544 0.623 0.569
BRMSE 0.142 0.161 0.133 0.15

Appendix C. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.cities.2025.106750.

Data availability

Data will be made available on request.
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