This is the Accepted Manuscript version of an article published in the journal Landscape and Ur-
ban Planning in 2026, which is available at: https://doi.org/10.1016/j.landurbplan.
2026.105734

Cite as: Peng C, Yang S, Liu A, Xiang Y, Zhou Z, Biljecki F (2026): City landscape in sight: A
crowdsourced framework for unlocking urban-scale window view perceptions from real estate
imagery. Landscape and Urban Planning, 275: 105734.

City landscape in sight: A crowdsourced framework for
unlocking urban-scale window view perceptions from
real estate imagery

Chucai Peng*®!, Sijie Yang®®!', Ang LiuY, Yang Xiang®, Zhixiang Zhou®, Filip
Biljecki®"*

“Department of Architecture, National University of Singapore, Singapore
bCollege of Horticulture and Forestry Sciences | Hubei Engineering Technology Research Centre
for Forestry Information, Huazhong Agricultural University, Wuhan, 430070, China
¢School of Engineering and Applied Science, University of
Pennsylvania, Philadelphia, 19104, USA
4Department of Political Science, Rutgers University, Newark, 07102, USA
¢ School of Arts and Communication, China University of Geosciences, Wuhan, 430070, China
IDepartment of Real Estate, National University of Singapore, Singapore

Abstract

City landscapes viewed through home windows influence quality of life, yet per-
ceptions of actual window views at the urban scale remain understudied. This
study presents an approach for large-scale mapping of perceptions using 12,334
window view images (WVIs) collected from actual residential properties listed
on real estate platforms in Wuhan, China, representing a rarely explored form of
urban view imagery that offers advantages over the rendered or simulated win-
dow views commonly examined in previous studies. Through a non-immersive
virtual reality platform, we collected 27,477 pairwise comparisons across six per-
ceptual dimensions (e.g. preference) from 304 participants based on 499 WVIs.
A hybrid neural network model was trained to predict human perceptions of all
crowdsourced WVIs and map their spatial distribution. Results reveal significant
spatial autocorrelation with distinct hot and cold spots across the whole city. Floor
level strongly influences human perceptions: while higher floors offer more pre-
ferred and extensive window views, lower-floor windows provide residents with
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quiet and vivid views. An inference model further shows that window view com-
position matters considerably: high ratios of sky, trees, and low-rise buildings
enhance people’s preferences and perceptions of vividness, whereas high ratios
of high-rise buildings increase perceptions of monotony and oppression. Impor-
tantly, these effects are non-linear: the excessive presence of certain elements can
alter their impact on human perception. This work advances urban-scale under-
standing of residents’ visual experiences and offers a transferable, human-centric
method to inform urban planning and design aimed at improving the visual quality
of window views.

Keywords: human-centred GeoAl, neuro-inspired neural network, urban
perception, urban planning, urban comfort, window view

Nomenclature

WVI  Window view imagery SHAP Shapley Additive exPlanations

SVI Street view imagery VIF Variance inflation factor

VR Virtual reality NDBI Normalised Difference Built-
up Index

NN Neural network NDVI Normalised Difference Vegeta-
tion Index

RMSE Root mean square error VAUA Visual assessment of urban af-
fordance

1. Introduction

Windows serve as vital interfaces connecting residents to city landscapes be-
yond their homes (An et al., 2019; Du et al., 2022; Abdelrahman et al., 2023).
Through windows, residents experience diverse views of urban environments —
from green spaces and waterfronts to dense high-rise building clusters — which
profoundly shape their living experience and quality of life. In high-density ur-
ban environments, where direct access to nature is often limited, good views of
the city landscape have been recognised for benefiting residents’ psychological
and physiological health (Olszewska-Guizzo et al., 2018; Elsadek et al., 2020).
High-quality views are linked to better life satisfaction in residential buildings,
less stress, higher work productivity in offices, and even faster recovery in health-
care settings (Ulrich, 1984; Li and Sullivan, 2016; Chang et al., 2020; Ko et al.,
2021; Lindemann-Matthies et al., 2021). Moreover, better window views are of-
ten associated with higher housing prices (Peng et al., 2025), highlighting their
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relevance across both life health and real estate economic domains. As a cru-
cial part of the urban comfort experience, understanding how residents subjec-
tively perceive the city landscapes through window views from their own houses
is therefore important for future human-centred urban design and planning, which
can be assessed through in- eld comfort investigations and computational comfort
modelling (Yang et al., 2025b). It is worth noting that window view quality is a
multi-dimensional concept, encompassing not anéw conten{what occupants

see through the window), but alstew accesghow much of the window view

is visible) andview clarity (how clearly the view content can be perceived) (Ko

et al., 2021). This study focuses speci cally on view content, as it is the dimen-
sion most amenable to large-scale assessment through crowdsourced real estate
imagery.

Given these multifaceted bene ts, ensuring access to high-quality window
views through urban design and planning is a promising approach to improv-
ing citizens' health and well-being in urban environments. However, despite the
growing recognition of the importance of window views, existing studies remain
limited in scope and depth. Prior studies 1)often focus on singular perceptual di-
mensions such as preference or oppressiveness, 2)are constrained to small-scale
datasets or simulation-based settings, rather than relying on real scenarios, and
3)lack citywide coverage necessary to inform urban design and planning practice
(Li et al., 2022). Thus, there are clear gaps in understanding how multidimen-
sional human perceptions of window views are distributed across a city and which
city landscape factors drive these perceptions.

These limitations are primarily due to the challenges of acquiring both real-
world window view imagery (WVI) and human perceptual data at a large scale
(Li et al., 2024). Conventional methods, such as eld surveys or computer simu-
lations, are labour-intensive and struggle to capture the detailed visual and spatial
texture of real-world urban environments separately (Schmid a@uoeh8l, 2021;

Lin et al., 2022). Meanwhile, some real estate listing platforms have emerged
as promising sources of large-scale real estate data, including property imagery
(e.g., photos of kitchens in ats, building amenities, and oor plans). A subset
of such imagery often includes WVIs, which can re ect residents' actual window
views across diverse city locations, even in areas witledint building heights.
Such datasets @r the potential for large-scale window view studies based on
real images, which can be leveraged to investigate and map residents' subjective
experiences of city landscapes through their windows.

In this study, we use crowdsourced real estate images and address these gaps
by introducing a comprehensive framework for investigating, modelling, and map-
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ping subjective perceptions of window views at the urban scale. Using 12,334
actual window view images collected from property listing platforms in Wuhan,
China, we modelled human perception based on online pairwise survey data ob-
tained through a non-immersive virtual reality (VR) interface (27,477 valid pair-
wise comparisons from 304 participants based on 499 selected WVIs). Our frame-
work enables the prediction and inference modelling of six human perceptual
dimensions — preferencéfefer), monotony Monotonou}, quietnessQuie),
extensivenessktensivg vividness Vivid), and oppressivenes®@gppressive—
across citywide window views. It is a dual-crowdsourced framework, as depicted
in 1, where real estate imagery is crowdsourced from myriads of real estate agents
and property owners, while human perception data are crowdsourced from hun-
dreds of participants in window view perception surveys. All this data allows
us to model window view perception, make urban-scale predictions, and map its
spatial distribution across the whole city to uncover potential hot and cold spots
and relationships between visual composition (sky, trees, buildings) and human
perception.

In summary, this study makes the following key contributions:

" We establish a fully crowdsourced framework for urban window view per-
ception research, leveraging both crowdsourced real estate imagery (up-
loaded by property agents and selllnsdlords) and crowdsourced human
perception data (collected via online pairwise comparisons by survey par-
ticipants). This dual-crowdsourced approach demonstrates the utility of real
estate advertisements — a rarely exploited urban sensing data source — for
subjective urban perception research, expanding their potential use cases
beyond property valuation. Focusing predominantly on crowdsourced data
o ers a human-centric approach and increases the role of public-contributed
data in this domain. Likewise, a secondary contribution of this work is in the
geospatial domain, giving more attention to this rarely used form of user-
generated geographic information (or Volunteered Geographic Information
- VGI).

We develop a hybrid neural network (NN) model for perception prediction
and an inference model to decode how built environment characteristics
(semantic segmentation, land cover, urban form) shape multidimensional
subjective experiences.

We systematically map urban-scale spatial patterns of perceptions, reveal-
ing signi cant spatial autocorrelation, distinct hotspots and cold spots, and
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vertical perception gradients across oor levels.

We identify non-linear relationships between visual composition and per-
ceived quality: while sky and trees generally enhance preference and vivid-
ness, excessive presence can diminish quality; high-rise buildings consis-
tently increase monotony and oppression.

Results from this study can inform human-centred urban planning, includ-
ing how built environment characteristics relate to the visual environments
visible from residents’ windows.

2. Related work

2.1. Data collection and research methods in window view research

Understanding how residents perceive city landscapes through their windows
requires appropriate data sources that balance authenticity, scale, and perceptual
richness. Window view studies have adopted diverse data collection approaches,
which can be broadly categorised into ve types: questionnaire-based surveys,
self-captured photographs, in-situ experience studies, and two types of simula-
tions — virtual window views with controlled variables and city-scale simulations
(Table 1, Figure 1 upper panel).

Table 1: Comparison of window view data sources.

Data Source Authenticity Scalability City-  Diversity Visual- Controlled Cost-
scale rich e ective

Questionnaire
Self-captured photos
In-situ experience
Virtual (controlled)
Virtual (simulation)

Real estate imagery

Note: indicates the data source has the corresponding feature. Authenticity: window view data are captured in real-world
scenes; Scalability: perception data can be collected at large-scale; City-scale: window view data can cover entire urban
areas; Diversity: window view data provide diverse visual scenes and contexts; Visual-rich: window view data provide
detailed and textured visual information; Controlled: data source can provide systematic control over environmental vari-
ables; Cost-eective: data collection is economic.

Questionnaire-based studiesre widely used because of their exibility for
perception surveys (Matusiak andd€kner, 2016; Batool et al., 2021), typically
applied to examine correlations between window views and living outcomes such



as residents' mental well-being or life satisfaction (Korpela et al., 2017; Chang
et al., 2020). Recent works have improved perception questionnaires by incor-
porating user-submitted photos and computer vision analytics (Hasegawa et al.,
2022; Zhang et al., 2023). While questionnaire-based methods scalability

and cost-eectiveness, they often lack detailed and rich window view data for
speci c urban areas.

Self-captured photographsprovide a more authentic record of residents’ per-
spectives on window views than questionnaire stimuli or simulations, although the
actual in-situ window view itself remains the most representative reference (Olszewska-
Guizzo et al., 2018; Kent and Schiavon, 2020; Schmid adadngl, 2021; Lin
et al., 2022). Like questionnaires, they are relatively low-cost and can be em-
bedded in online questionnaires and shared broadly to reach large, geographically
dispersed samples (Zhang et al., 2023; Samaan et al., 2024), while additionally
0 ering some control over external factors such as sunlight and glare through the
choice of capture time. In practice, however, such studies still rely on partici-
pants photographing their own views, which constrains standardisation and tends
to limit coverage to the participants' own residences rather than achieving system-
atic citywide sampling.

In-situ experience studiednvite participants to directly experience real win-
dow views in controlled environments, often accompanied by physiological or
psychological measurements using related devices (Li and Sullivan, 2016; Elsadek
et al., 2020; Du et al., 2022; Ko et al., 2022; Yao et al., 2024). These studies are
e ective at exploring causal relationships between landscape features of window
views and human perception survey results, as they capture nuanced human per-
ceptual responses; however, their application is limited to very small scales, often
limited to campus or laboratory settings with student populations.

Virtual window views have gained much attention with recent advances in
computer vision and modelling. One stream emphasises experimental control us-
ing software such as Unity or Unreal Engine to create synthetic window views
with highly adjustable parameters (Chamilothori et al., 2019; Moscoso et al.,
2021; Chung et al., 2022; Wang and Munakata, 2024b; Ingabo and Chan, 2025),
0 ering strong experimental control and coseetiveness. When such scenes are
delivered through immersive virtual reality headsets, the reduction in authentic-
ity is modest — arising mainly from the imperfect rendering of conditions such
as daylight and luminance contrast — because headsets provide a more immer-
sive experience than static images; this immersion, however, comes at the cost
of greater resource requirements and unique problems such as simulation sick-
ness (Martirosov et al., 2022; Ugur et al., 2024). Another stream focuses on
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city-scale studies by simulating building window views using large-scale 3D city
models (Li and Samuelson, 2020; Li et al., 2022, 2024). While achieving broader
spatial coverage and a highly exible experimental design, these virtual simula-
tions depend on model precision and may omit unique urban features, such as
sunlight and other weather conditions, that occur in reality.

Despite methodological diversity, existing window view perception studies
face persistent limitations, as we mentioned above (Table 1), such as small-scale
or laboratory-based data, restricted spatial coverage and generalizability (Schmid
and Sumel, 2021; Lin et al., 2022; Ko et al., 2022), and a lack of authenticity in
actual residential views (Li et al., 2022; Kim et al., 2022). Moreover, most work
focuses on limited perceptual dimensions — typically preference or oppressive-
ness. Recent advances in apartment-level greenery measurement (Das et al., 2025)
show promise; yet, gaps remain in understanding multidimensional perceptions at
the urban scale. These constraints highlight a critical research gap: the need for
data sources that simultaneously achieve authenticity, scalability, and urban-scale
coverage. Recent work has further highlighted that assessment methods are of-
ten aligned with speci ¢ dimensions of view quality: VR is suited to evaluating
view access, physical spaces to view clarity, and digital images to view content
(Kim et al., 2025). Given that this study focuses on perceived view content at
the urban scale, real estate imagery—comprising large volumes of in-situ window
view images—provides a particularly appropriate data source. It enables citywide
investigations while maintaining both visual richness and real-world authenticity,
thereby addressing key limitations of existing approaches.

2.2. Urban imagery typology and window view imagery as promising perspective

Table 2: Complementary characteristics of urban data types.

Data Type Perspective  Primary Use Perception Public Residential Vertical
Street view Pedestrian Public space

Building view Facade Architecture

Remote sensing Aerial Land use

LiDAR / 3D city 3D/ Built form

models Variable

Window view Interior Residential

Note: indicates the primary strength. Perception: suitable for perception studies; Public: public spaces; Residential:
residential interiors; Vertical: building height dérentiation. Each imagery type serves complementary purposes.

Urban research has leveraged diverse imagery types to understand city envi-
ronments over the past decades, each capturing distinct perspectives that together
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Figure 1. Conceptual framework of this study together with traditional approaches and example
references.

form a complementary ecosystem of urban sensing (Figure 1 lower panel; Ta-
ble 2). These perspectives complement each other and support urban analytics
approaches, including geometry-based (Xu et al., 2022) and graph-based mod-
elling (Yap et al., 2025).

Street view imagery (SVI)is the most widely adopted urban imagery type,
capturing pedestrian-level perspectives of public spaces (Biljecki and Ito, 2021;
Ito et al., 2024, 2025). SVI has been extensively used to assess urban percep-
tion, including aesthetic quality, safety, and environmental characteristics (Quer-
cia et al., 2014; Kang et al., 2020; Hou and Biljecki, 2022). Large-scale datasets
spanning global cities have enabled cross-cultural studies (Hou et al., 2024), while
recent work demonstrates SVI's capacity to extract built environment features and
qguantify subjective perceptions (Kang et al., 2018; Zhang et al., 2018; Qiu et al.,
2022; Yang et al., 2023). However, comparative studies have revealed inherent
biases (Huang et al., 2025; Fan et al., 2025a). SVI excels at perception studies of
public spaces but focuses on publicly accessible environments.

Building view imagery focuses on architectural facades, characterising ur-
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ban architecture and building aesthetics. Studies have employed building view
imagery and computational methods to extract architectural elements (Doersch
et al., 2015), evaluate human perception of building exteriors (Liang et al., 2024),
and enrich public building data in open maps through automated information pre-
diction (Liang et al., 2025). This imagery type ers insights into buildings in
cities but emphasises exterior appearances rather than interior living experiences.

Remote sensing imageryincluding satellite imagery and aerial imagery, pro-
vides top-view perspectives for urban analytics (Weng, 2012; Liu and Yang, 2015).
Applications include land-use classi cation, land-change detection, local climate
zone mapping, etc. (Voogt and Oke, 2003). While excelling at macro-scale spatial
and temporal pattern recognition, remote sensing imagery is not typically used for
urban perception studies due to a lack of a human-scale perspective.

LiDAR (Light Detection and Ranging) is not considered a traditional im-
agery type but can cer precise three-dimensional morphological perspectives for
the built environment and produce a series of image-like raster products (intensity,
DEMs, DSMs) (Haala and Brenner, 1999). Applications include land cover clas-
si cation (Yan et al., 2015), 3D building reconstruction (Cheng et al., 2011), and
urban visual quality assessment (Wu et al., 2021). While LiDAR characterises
public space geometry, it typically does not capture visual appearance, colour, or
texture — elements critical for perceptual studies.

Window view imagery is an emerging urban imagery type that captures city
landscapes from real estate interior views — the perspective from which residents
take in real life. Window views have been proven related to human well-being,
productivity, and stress reduction (Ulrich, 1984; Elsadek et al., 2020), and con-
tribute to property values (Damigos and Anyfantis, 2011; Peng et al., 2025). Un-
like SVI, which captures pedestrian experiences in public street spaces, WVI is
captured at viewpoints in private residential spaces across diverse oor levels. In-
vestigating this perspective is particularly relevant and essential in high-density
contexts where horizontal-vertical strati cation creates dramaticallgiint vi-
sual experiences for residents living at various places and oors.

As highlighted in Figure 1 and Table 2, WVI lls this gap through its dis-
tinctive viewpoints from building interiors. Rather than competing with existing
urban imagery types, WVI complements them by addressing the visual quality of
urban spaces within buildings. This study establishes WVI as a valuable addition
to the urban imagery research ecosystem, demonstrating its potential for assessing
citywide perceptions of window views.



2.3. Computational modelling of subjective urban perception

Understanding how people perceive urban environments has been a central
topic in environmental psychology and urban studies for a long time. Early in-
vestigations focused on studying theeets of vegetation or natural elements in
shaping people's psychological responses (Smardon, 1988), though these studies
were limited to small sample sizes.

The emergence of crowdsourced data sources marked a shift, providing re-
searchers with large-scale datasets for urban-scale human perception research. In
2013, Salesses et al. introduced the Place Pulse dataset, collecting millions of pair-
wise comparisons of SVIs to map human perceptions of streetscapes across global
cities, demonstrating that urban perceptions could be systematically quanti ed at
a large scale. The convergence of advanced prediction modelling methods and
large-scale urban imagery datasets has since transformed the paradigm of urban
perception research towards urban-scale prediction and studies (Ito et al., 2024).
In 2016, Dubey et al. trained deep learning models on crowdsourced SVI data
to quantify six human perceptual dimensions across 56 cities worldwide. Sub-
sequently, more and more studies began leveraging SVI and online SVI visual
assessment surveys to predict multidimensional subjective urban experiences, re-
vealing how visual elements in cities in uence human perceptions (Zhang et al.,
2018; Qiu et al., 2022; Yang et al., 2023; Liang et al., 2024; Yang et al., 2025a).

However, existing computational perception research predominantly focuses
on street-level public spaces with SVI, leaving residential visual environments
from building interiors largely unexplored. There are some window view percep-
tion studies, but they have largely been limited to authenticity, survey scalability,
or urban-scale coverage (Schmid ar@i®el, 2021; Chung et al., 2022; Lin et al.,
2022; Wang and Munakata, 2024a), as mentioned in Section 2.1. The gap between
well-developed streetscape perception research and current limitations in window
view perception research ers a promising research direction based on WVI.

3. Method

3.1. Research framework, study area and data collection

This study establishes a comprehensive ve-stage analytical framework to
map and understand subjective perceptions of window views at the urban scale
(Figure 2). Stage 1 (WVI Image Encoder)involves panoramic mask process-
ing and image feature concatenation, integrating semantic segmentation (using
ElSeg and SegNeXt), convolutional image data (ResNet50), and computational
colourimetry (OpenCV and scikit-image)Stage 2 (WVI Perception Survey)
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Figure 2: Five-stage research framework encompassing data collection, perception survey, predic-
tion modelling, inference analysis, and result discussion.

implements an online perception survey across six visual-perceptual dimensions
(Prefer, Monotonous, Quiet, Extensive, Vivid, Oppressive), employing TrueSkill
ranking and Bayesian perception scoring to quantify human judgem8idge
3 (Prediction) develops a hybrid neural network for prediction modelling, whose
architecture integrates a dorsal pathway (spatial structure from semantic segmen-
tation), a ventral pathway (colour and texture from colourimetry), and a visual-
cortex pathway (ResNet50 visual featuresfage 4 (Inference)Xeploys explain-
able Al and geospatial metrics for inference modelling, integrating multi-model
comparison across semantic segmentation, land cover, and urban form variables.
Stage 5 (Result Discussiongxamines spatial distribution patterns in both hori-
zontal and vertical dimensions, employing Moran's | and hotspot analysis, Shap-
ley Additive exPlanations (SHAP) feature attribution for variable importance, and
exploration of non-linear impacts between geospatial metrics and perceptions.
Within this framework, two of the stages involve conceptually distinct mod-
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elling steps that are easily con ated but serveatent purposes, summarised in
Table 3. Theprediction modelStage 3) learns to map the visual content of a
window view image to its perception scores, enabling us to extrapolate from the
499 surveyed images to all 12,334 citywide WVIs and map their spatial distribu-
tion. Theinference mode(Stage 4) instead takes the resulting citywide percep-
tion scores as targets and regresses them on built-environment variables, in order
to explainwhichenvironmental factors drive each perception and how. These two
models are detailed in the corresponding subsections below.

Table 3: Comparison between the perception prediction model and the perception inference model.

Prediction model (Stage 3)

Goal Predict perception from image content to enable citywide mapping

Data 499 surveyed WVIs (27,477 pairwise comparisons from 304 participants)
Inputs Semantic segmentation, ResNet50 features, and colourimetry

Method Hybrid neural network (dorsalventral pathways)

Split Five-fold spatial block cross-validation (&@/20 within each fold)

Output Citywide perception scores and spatial distribution maps

Inference model (Stage 4)

Goal Explain which built-environment factors drive perception and how
Data All 12,334 WVIs with citywide scores from the prediction model
Inputs Window-view composition, land cover, and urban form

Method Machine-learning models with SHAP interpretation

Split Fixed 70%:30% train—test split

Output Variable importance and non-lineareet curves

We selected Wuhan, a major metropolitan city in central China, as our study
area due to its well-suited built environment for window view perception research
(Figure 3). The city exhibits high population density, with residential buildings of
diverse heights and densities, and numerous rivers and lakes that contribute to a
rich visual diversity of urban and natural landscapes (Peng et al., 2025). Spatial
heterogeneity in both built form and natural resources in city landscapes provides
a varied set of window view scenarios for our study, encompassing the horizontal
and vertical distributions of viewpoints.

The foundation of our analysis relies on WVIs extracted from real estate list-
ing platforms — an emerging yet underutilised data source in urban research.
These property listing platforms typically operate at regional or national scales
and contain extensive textual-visual documentation of properties, enabling large-
scale analyses across diverse urban research domains, such as extracting build-
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Figure 3: Data acquisition and processing work ow: (left) extraction process from housing web-
site tour views to equirectangular images; (middle-left) examples of unsuitable images Itered
during screening; (center) spatial distribution of 12,334 window view image samples from 1,377
apartment complexes across Wuhan, showing sample density per complex and coverage of both
urban core and suburban areas; (right) post-processing and reframing to city landscape perspec-
tive. Source of the basemap: ESRI.

ing amenity information (Chen and Biljecki, 2022), exploring indoor decora-
tion patterns (Liu et al., 2019), discovering informal housing markets (Harten
et al., 2021), conducting comprehensive market analyses (Boeing and Waddell,
2017), and analysing textual description patterns in property markets (Lee and
Lee, 2023). Besides textual information and other various attributes, such plat-
forms contain interior imagery of properties (e.g. photos of bedrooms and oor
plans), but the subset of these images showing window views has not been su
ciently leveraged in urban studies (Koch et al., 2019).

For this study, we collected window view images from Lianjia, one of China's
largest real estate platforms @ing comprehensive property listings nationwide.
The platform’s visual tour service provides 360-degree panoramic views from bal-
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conies for many listed properties, ering real perspectives of residential window
views across diverse locations and building heights. We developed a web-scraping
script to systematically extract cubemap data from balcony viewpoints of 34,091
residential properties across Wuhan. These cubemaps were subsequently con-
verted into equirectangular panoramic images to facilitate analysis and perception
assessment (Figure 3, left panel). All WVIs in this dataset originate exclusively
from living room balcony viewpoints. The platform assigns room-type labels to
each panoramic capture, in which the living room balcony is consistently tagged
as “Balcony A’, while balconies associated with other spaces (e.g. bedrooms) are
tagged as “Balcony B”, “Balcony C”, and so forth; our scraping script collected
only images labelled as “Balcony A’, and the manual screening described below
further removed a small number of edge cases in which the living room lacked a
balcony but a bedroom balcony carried the label, so that all retained images con-
sistently represent living room balcony views. In Chinese high-density residential
buildings, living room balconies are outward-facing semi-open communal spaces
that serve as the primary vantage points from which residents experience the sur-
rounding city landscape; restricting the dataset to this single room type minimises
privacy-related confounds and ensures functional consistency across samples.

Following initial WVI data crowdsourcing, we implemented a WVI quality
control process to ensure the reliability of these images, as illustrated in Figure
3. Here, “quality” refers to the technical delity of the image as a usable record
of the window view (e.g. capture angle, exposure, and the absence of obstruc-
tions), and not to the perceived quality of the view itself, which is precisely what
the perception survey later measures. Manual screening was conducted to review,
identify, and remove unsuitable images exhibiting such technical quality issues
as obligue window view angles, physical obstructions (e.g., furniture, indoor ob-
jects), heavy fog or adverse weather conditions outside, image overexposure or
underexposure, and obscured window views (Figure 3, middle-left panel). This
manual screening process yielded 12,334 technically valid WVIs from 1,377 res-
idential apartment complexes. As depicted in the distribution map in the centre
of Figure 3, these WVI samples demonstrate substantial spatial coverage across
Wuhan's urban and suburban areas, with sample density per apartment complex
ranging from 1 to 110 images, capturing vertical @ient oor levels) and hori-
zontal (di erent places) distribution of window views. The retained images were
further post-processed and reframed to emphasise the city landscape scope visible
through windows (Figure 3, right panel).
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