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Abstract

Health and wellbeing form a core dimension of urban resilience. Addressing this dimension 
requires attention to the everyday environments that support healthy living. To explore how 
daily activity may connect community environments with health, this study uses preschool 
visual acuity as a specific health outcome. A cross-sectional analysis examined environment-
activity-visual acuity associations among 195 children aged 3–6 years in Shanghai. Path 
analysis used a structured digital representation comprising 13 parent-perceived indica-
tors and five mapped measures in the contextual model. The clearest pattern centred on 
perceived greenery, which was consistently associated with longer outdoor duration in the 
primary and contextual models. Both associations met the pointwise and hypothesis-specific 
Holm criteria, although neither met the main analysis-based criterion. Other environmental 
attributes showed weaker, activity-specific associations. Outdoor-acuity and corresponding 
greenery-outdoor activity-visual acuity indirect estimates were positive, but their confi-
dence intervals included zero, and neither met the Holm-adjusted criterion. The findings 
suggest outdoor activity as a potential behavioural link between perceived neighbourhood 
greenery and reported visual acuity. The digital representation brings parental assessments 
and physical conditions into a common framework for examining how community envi-
ronments relate to activity and health. This approach can inform the health and wellbeing 
priorities of urban resilience planning and their application in child-friendly communities.

Keywords: urban resilience; outdoor activity; community environment; perceived environment; 
visual acuity; digital environmental assessment

1. Introduction
Protecting residents’ health and wellbeing is a core concern of urban resilience. The City 

Resilience Framework 2024 recognises health and wellbeing as one of its four dimensions [1]. 
The World Health Organization (WHO) likewise identifies urban health as essential to 
resilience, and advocates coordinated action across sectors [2]. This perspective brings the 
health-supporting role of environments into urban resilience research.

Understanding this role requires examining how environmental conditions support 
daily activities and how these activities relate to health. Residents encounter and use 
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community environments through daily activities. The updated resilience framework 
highlights neighbourhood design as a means of keeping residents active [1]. Activity 
reflects both the opportunities that local spaces offer and residents’ decisions about whether 
and how to use them. These activity patterns also have relevance to health and wellbeing, 
particularly through physical activity. For example, a meta-analysis of prospective studies 
linked higher physical activity to a lower risk of depression in adults [3]. This behavioural 
perspective provides a basis for examining environment-activity-health relationships.

Children’s visual health provides a specific case for examining these environment-
activity-health relationships. Young children’s outdoor activity depends partly on nearby 
community spaces and parental decisions about their use [4–6]. Outdoor activity also 
warrants attention for its potential role in preventing myopia, an important concern for 
children’s visual health [7]. A global synthesis estimated a pooled myopia prevalence of 
35.8% among children and adolescents aged 5–19 years for 2020–2023 [8]. This health burden 
has prompted research into modifiable behaviours in children’s daily lives. Time spent 
outdoors is an important measure of outdoor exposure in myopia prevention research [7]. 
Randomised trials in primary-school children show that increasing outdoor time during 
the school day can reduce myopia incidence over subsequent years [7,9]. These findings 
support examining outdoor activity as a potential link between community environments 
and children’s visual health.

The preschool years offer a complementary perspective in terms of age and activity 
context. Neighbourhood public open spaces and community greenspace provide impor-
tant opportunities for young children’s outdoor play and exploration [10]. Longitudinal 
evidence links greater outdoor time from age three onwards to a lower risk of incident 
myopia between ages 10 and 15 [11]. Research has also examined residential environments 
in relation to preschool visual outcomes [12]. Examining children’s current community 
environments, daily activities and visual health indicators before school entry can therefore 
complement the contexts covered by school interventions and early-exposure studies. This 
study accordingly focuses on preschool children to examine environment-activity-health 
associations at this stage.

Existing research includes separate strands on the environmental correlates of chil-
dren’s health and activity [12–14]. Studies of environment-health associations use objective 
measures such as greenness and building density to identify environmental features associ-
ated with children’s visual outcomes [12,13]. For example, lower building density around 
schools remained associated with lower odds of screening-defined myopia [13]. These 
associations help identify spatial conditions that warrant attention. However, environment-
vision associations alone may obscure the role of activity in preschool children’s interactions 
with community environments, limiting interpretation. There is therefore a need to include 
activity in the same analytical framework to examine indirect associations between the 
environment and visual health.

Research on environment-activity relationships has also examined objectively mea-
sured neighbourhood features. For example, greater neighbourhood greenness, measured 
using satellite imagery, was associated with more parent-reported outdoor play time among 
preschool children [14]. These measures describe the physical setting in which outdoor activ-
ity takes place. Meanwhile, parental assessments of safety, accessibility and comfort comple-
ment this information by reflecting families’ experiences of using that setting [4,5]. Parent-
perceived neighbourhood activity opportunities were positively associated with preschool 
physical activity when parents also perceived neighbourhood safety favourably [5]. This 
finding indicates that the provision of space needs to be interpreted alongside parental 
judgements. These perceptions can be represented as structured survey indicators along-
side digitally mapped physical conditions. Together, the two sets of indicators provide 
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complementary components of a digital representation of the neighbourhood environment. 
This representation allows families’ assessments and physical conditions to be examined in 
relation to children’s activities and health.

Although community environments are closely linked to outdoor activity, indoor 
behaviours, especially screen use, also warrant significant consideration when examining 
visual health. Previous studies suggest that outdoor time and screen time may mediate 
the association between greenness and children’s visual health [12,15]. The analytical 
framework should therefore include both behaviours. It can also test the indirect pathway 
through each behaviour.

This study examines the health relevance of community environments through associ-
ations among environmental conditions, daily activities and preschool children’s parent-
reported visual acuity. This outcome describes visual performance rather than refractive 
status or hyperopic reserve. The study integrates parental ratings and mapped physical con-
ditions within a digital environmental representation. The study addresses three questions:
(1) Which parent-perceived and mapped environmental indicators are associated with 

children’s outdoor-duration and recreational screen-time scores?
(2) Are outdoor-duration and recreational screen-time scores each associated with chil-

dren’s reported visual acuity?
(3) Are environmental features indirectly associated with reported visual acuity through 

either behaviour?
To address these questions, the study applies path analysis to exploratory cross-

sectional data from 195 children aged 3–6 years in Shanghai. The primary model includes 
13 parent-perceived environmental indicators, outdoor-duration and recreational screen-
time scores, and parent-reported recent visual acuity. An extended model adds five mapped 
environmental indicators to characterise the subdistrict or town context. Both models adjust 
for child and family characteristics and estimate direct and indirect associations. The study 
contributes a behavioural perspective to digital environmental assessment by examining 
activity as a potential link between community environments and health. This focus on 
everyday environment-health associations provides evidence relevant to the health and 
wellbeing dimension of urban resilience.

2. Literature Review and Hypothesis Development
This chapter first situates community health within urban resilience, then reviews 

evidence guiding the environmental indicators, behaviours, and visual outcomes. It also 
considers child and family factors that inform covariate selection. This evidence supports 
seven hypotheses about environment-activity-visual acuity associations.

2.1. Health and Wellbeing in Urban Resilience
Community environments support urban resilience by providing spaces and resources 

that help communities cope with acute shocks and chronic stresses [1,16]. Beyond main-
taining infrastructure and services, urban resilience also concerns protecting residents’ 
health. The City Resilience Framework reflects this broader scope by recognising health and 
wellbeing as one of its four dimensions [1]. This dimension warrants particular attention as 
urban development and changing lifestyles reshape everyday health risks. Car-dependent 
development, limited space for active living, and sedentary routines can contribute to persis-
tent health burdens [17]. Addressing these pressures requires attention to the environments 
in which daily life takes place. WHO identifies urban planning and design as tools for 
reducing vulnerability and protecting health through local resilience strategies [18].

Supporting daily activity is one way in which community environments can contribute 
to this health dimension. Walkable streets and green spaces can support health through 
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activity and social interaction [16]. Recognising these health-supporting functions, Manafa 
et al. [19] included green spaces and activity facilities in their assessment of neighbourhood 
resilience. Research during Shanghai’s COVID-19 lockdown linked outdoor activity to more 
favourable perceptions of health and community liveability, which were also associated 
with subjective wellbeing [20]. These studies provide a basis for examining environment-
activity-health relationships within the health and wellbeing dimension of urban resilience.

2.2. Perceived Built Environment and Children’s Behaviours
Parental perceptions may help explain how community environments relate to chil-

dren’s outdoor activity and screen use. This study proposes that more favourable perceived 
built-environment conditions are associated with longer outdoor duration (H1) and less 
recreational screen time (H2).

Parents shape young children’s outdoor opportunities through supervision, daily rou-
tines and judgements about local spaces [4,21]. Perceived environmental measures capture 
judgements about safety, greenery, access and comfort. The Neighbourhood Environment 
Walkability Scale for Youth (NEWS-Y) provides established domains for examining activity-
related neighbourhood conditions [22]. These domains inform questionnaire design, but 
their adaptation for parents of preschool children requires attention to age-specific activities 
and supervision [5].

Green spaces and playgrounds provide settings for outdoor play, social interaction and 
contact with nature. Reviews identify access to nearby outdoor spaces and their physical 
characteristics as relevant correlates of children’s play [4,23]. Natural features can support 
varied play, while equipment and layout influence how children use a space [24–26]. Facility 
counts alone provide limited information about these qualities.

Walkability and perceived safety are established dimensions of neighbourhood assess-
ment [27]. Pavements, crossings and separation from vehicles may support accompanied 
trips. Traffic and personal-safety concerns can discourage parents from using otherwise 
accessible destinations [28,29]. Thermal conditions also shape the experience of outdoor 
space. Shade and protection from wind are relevant to play-space design in climates with 
hot summers and cold winters [30,31].

Perceived neighbourhood conditions may also relate to children’s screen use. Carson 
et al. [21] examined these associations among Canadian primary-school children. Children 
whose parents rated neighbourhood services, parks and pavements more favourably were 
more likely to have parent-reported screen time of two hours or less per day. Preschool 
evidence further indicates that these associations depend on parenting practices. Among 
children in Hong Kong and Houston, greater perceived neighbourhood disorder was 
associated with more weekend screen time when parents restricted activity for safety 
reasons [5]. These findings motivate H2 while indicating that associations may depend on 
specific neighbourhood conditions and parenting practices.

2.3. Physical Built Environment and Outdoor Activity
Geospatial measures describe the physical provision of neighbourhood environments 

independently of parents’ ratings. Relevant measures include building density, street and 
path density, potential activity-facility density, vegetation cover, the normalised difference 
vegetation index (NDVI), and park-area share. These measures describe the balance be-
tween built form, routes, destinations and vegetation. They motivate H3, which proposes 
an association between the set of physical built-environment conditions and children’s 
outdoor duration.

Building density captures the concentration of built form at ground level. Compact 
development can shorten distances to destinations, but it can also reduce open space and 
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coincide with heavier traffic. Reviews accordingly report context-dependent relationships 
between urban density and children’s outdoor play or health [23,32]. Building density 
therefore warrants separate consideration without assuming a uniformly favourable or 
adverse association.

Street and path density represents the route network through which families reach and 
use neighbourhood spaces. A connected pedestrian network can improve access, whereas 
heavy traffic and unsafe crossings can restrict young children’s outdoor play. Reviews 
identify engaging routes, pedestrian conditions and traffic protection as central components 
of neighbourhood playability [4,23]. Road provision therefore needs to be interpreted 
together with route quality and traffic conditions.

Potential activity-facility density describes mapped destinations such as playgrounds 
and sports facilities. Nearby formal and informal play spaces can support outdoor activity, 
although access and design influence whether children use them [4,23,33]. A natural 
experiment also found that upgrading childcare outdoor spaces increased preschool physical 
activity [34]. Facility provision therefore describes opportunity, while the quality and 
usability of each destination remain important.

Vegetation cover describes the proportion of vegetated land, while NDVI reflects 
spectral greenness. Park-area share provides a separate measure of potential park provision. 
Natural settings provide space and varied features for outdoor activity. Reviews associate 
neighbourhood greenness with more outdoor play [4,23]. Higher satellite-derived NDVI 
has also been associated with more outdoor play among preschool children [14]. An 
analysis of high-resolution PLAYCE data further linked larger yards and greater tree and 
shrub cover to more outdoor play among preschool children [35]. Mapped green area thus 
provides a physical counterpart to parents’ perceptions of neighbourhood greenery.

2.4. Behavioural Pathways to Preschool Visual Health
Outdoor duration and recreational screen time provide distinct behavioural links to 

visual health and underpin H4 and H5. For outdoor duration, a Cochrane review of trials 
in primary-school children suggests that sustained increases in outdoor time may reduce 
myopia onset [36]. Outdoor light is a proposed biological mechanism, although reported 
time outdoors does not directly measure light exposure [37]. Outdoor duration therefore 
represents time spent outside rather than the intensity of physical activity.

Screen use provides another potential behavioural link to visual health. An earlier sys-
tematic review found mixed evidence for associations between screen time and myopia [38]. 
A more recent dose-response meta-analysis associated more digital screen time with higher 
odds of myopia across several age groups, including young children [39]. The two be-
haviours require separate consideration because more outdoor time does not necessarily 
imply less screen time. Screen time also differs from near work, which includes non-screen 
tasks performed at short viewing distances, such as reading, writing and drawing [40].

The evidence reviewed above mainly concerns myopia and refractive development. Un-
aided distance visual acuity offers a complementary measure of current visual performance 
in preschool children, but does not independently diagnose myopia or quantify hyperopic 
reserve. Paediatric guidance recommends regular monitoring of visual acuity alongside 
refractive status during early childhood [41], providing a rationale for using recent ex-
amination records in surveys. H4 and H5 examine whether the behavioural associations 
suggested by previous research extend to reported visual acuity.

2.5. Individual and Family Factors
Individual and family factors can shape both daily behaviour and visual development. 

Age and sex may coincide with differences in activity patterns and visual maturation, 
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parental myopia indicates familial susceptibility, and socioeconomic conditions influence 
children’s opportunities and routines. These factors therefore provide essential context for 
interpreting environment-activity-vision associations.

Age is especially important during early childhood, when visual acuity, refractive devel-
opment, mobility and reliance on caregivers change rapidly. Screening studies in Shanghai 
document age-related variation in visual status and refractive development [42,43]. Children 
of different ages may also use neighbourhood spaces differently as their mobility, routines 
and dependence on caregivers change [4,44]. Age can therefore account for variation in 
both activity and visual outcomes.

Inherited susceptibility contributes to myopia alongside environmental and be-
havioural exposures [40,45]. Parental myopia provides an accessible indicator of familial 
myopic risk, although it can also reflect shared environments and habits. This familial 
context is important when interpreting associations between neighbourhood conditions 
and children’s visual outcomes.

Family socioeconomic context may also shape both daily behaviours and environmental 
exposure. Research with toddlers links parental and home characteristics to screen time [46], 
while school-age evidence relates socioeconomic conditions and green-space exposure to 
myopia [47]. Household income and parental education therefore help describe the family 
circumstances within which neighbourhood conditions are perceived and used.

2.6. Hypothesis Development and Analytical Framework
The evidence above supports seven hypotheses within the environment-activity-vision 

framework (Figure 1). H1–H3 concern environmental associations with activity, whereas 
H4 and H5 concern activity-vision associations. Combining these paths yields the indirect 
associations in H6 and H7. Outdoor duration and recreational screen time form parallel 
pathways, allowing the framework to distinguish the contribution of each behaviour.

Figure 1. Literature-informed environment-activity-vision framework. Arrows indicate hypothesised 
associations. H6 and H7 are indirect associations.

The hypotheses concern observed environmental conditions, reported daily activities, 
and mean parent-reported uncorrected visual acuity. Higher scores on the Chinese five-
point logarithmic acuity scale indicate better acuity. Because the proposed relationships are 
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assessed cross-sectionally, H6 and H7 refer to indirect statistical associations rather than 
causal mediation.

H1.  More favourable perceived built-environment conditions are associated with longer reported 
outdoor duration.

H2.  More favourable perceived built-environment conditions are associated with less reported 
recreational screen time.

H3.  Physical built-environment conditions are associated with reported outdoor duration.

H4.  Longer reported outdoor duration is associated with higher mean uncorrected visual acuity.

H5.  More reported recreational screen time is associated with lower mean uncorrected visual acuity.

H6.  Perceived and physical built-environment conditions are indirectly associated with mean uncor-
rected visual acuity through outdoor duration.

H7.  Perceived built-environment conditions are indirectly associated with mean uncorrected visual 
acuity through recreational screen time.

3. Materials and Methods
3.1. Study Design and Participant Profile

A cross-sectional online survey examined associations between neighbourhood envi-
ronmental conditions and preschool children’s outdoor duration, recreational screen time 
and mean reported acuity in Shanghai, China. Parents of children aged 3 to 6 years who 
permanently resided in Shanghai were recruited online by convenience sampling. The 
dataset comprised 242 responses collected from 9 to 18 March 2026. Each family reported 
on one eligible child. The information sheet explained the study purpose, voluntary partici-
pation, and aggregate reporting of results. Parents indicated consent by proceeding with 
the questionnaire.

The survey recorded residential location at the district and subdistrict or town levels. 
Four respondents reported acuity values despite indicating no previous visual examination. 
Excluding these records left 238 children. Restriction to examinations within 12 months 
retained 204 children. Requiring both reported eye values to fall within 4.0–5.3 yielded the 
main sample of 195 children across 90 administrative units. Both the primary and contextual 
models used this sample, with complete data for all required predictors. Descriptive analyses 
retained all 242 respondents.

3.2. Structured Digital Representation of the Community Environment
The structured digital representation comprised two components: 13 questionnaire-

based parental ratings and five indicators derived from open spatial data. The primary 
model used the parental ratings, and the contextual model added five mapped indicators. 
Each indicator retained its own definition and entered the models as a separate predictor.

3.2.1. Parent-Reported Environmental Indicators
The study-specific questionnaire assessed neighbourhood conditions relevant to chil-

dren’s outdoor activities, with domains informed by the Neighborhood Environment Walk-
ability Scale for Youth (NEWS-Y) [22]. Thirteen items covered seven content domains 
(Table 1). All 13 items entered each equation in the primary model as separate predictors. 
The domain groupings were used for interpretation and supplementary joint tests. Specific 
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indicators represented safety and suitability, with overall safety reserved for a sensitivity 
check. Q39 provided a common pollution item across respondents; conditional follow-up 
questions identified particular sources. Supplementary File S1 provides the questionnaire 
and informed-consent information.

Table 1. Parent-reported environmental indicators in the primary model.

Content 
Domain Item Indicator Higher Scores Indicate VIF 

(Activity/Acuity)

Walking and 
traffic space Q37.3

Perceived pedestrian 
crossing and sidewalk 
continuity

Easier crossing and more 
continuous sidewalks 1.80/1.90

Walking and 
traffic space Q37.6

Perceived 
vehicle-pedestrian 
separation

Better separation 1.89/1.95

Greenery Q37.4 Perceived neighbourhood 
greenery More abundant greenery 1.64/1.75

Play space Q37.5 Perceived sufficiency of 
children’s play spaces More adequate provision 1.66/1.67

Seasonal 
comfort Q37.7 Perceived adequacy of 

summer shade More adequate shade 1.50/1.54

Seasonal 
comfort Q37.8 Perceived winter wind 

comfort More comfortable wind conditions 1.51/1.54

Safety Q32.2 Perceived traffic safety Greater safety 1.46/1.48

Safety Q32.3 Perceived facility and 
activity-site safety Greater safety 1.48/1.49

Safety Q32.4 Perceived personal 
security Greater security 1.40/1.40

Walking access Q38
Reported walking time to 
the nearest park or 
playground

Shorter reported walking time 1.39/1.45

Pollution and 
disturbance Q39 Perceived air-pollution 

sources
Less apparent pollution from 
nearby sources 2.78/2.97

Pollution and 
disturbance Q41 Perceived disturbing night 

lighting Less disturbance 2.31/2.33

Pollution and 
disturbance Q43 Perceived quietness Greater quietness 2.64/2.65

Note: VIF = variance inflation factor. The first value applies to both activity equations, which have the 
same predictors. The second applies to the acuity equation, which also includes both activity scores.

Variance inflation factors (VIFs) were calculated for all predictors in each equation. 
In the primary model, VIFs ranged from 1.19 to 2.78 in both activity equations and from 
1.23 to 2.97 in the acuity equation. Table 1 reports the values for the 13 perceived envi-
ronmental items. The Pearson correlation between traffic safety and crossing/pavement 
continuity was 0.328. Complete VIFs, including covariates, are reported in Supplementary 
File S2 (Table S3B).

Environmental items were scored from 1 to 5. Q37 responses ranged from strongly 
disagree to strongly agree, and Q32 responses from very unsafe to very safe. Walking time 
(Q38) was recorded as <5, 5–10, 10–15, 15–20, or >20 min and reverse-coded as 6 minus 
the original category code. For Q39, scores 1–5 represented multiple obvious sources 
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causing discomfort, one or two fixed sources, occasional non-persistent pollution, very few 
visible sources, and no visible sources with fresh air. The corresponding Q41 categories 
were multiple glaring sources, obvious advertising screens or excessive lighting, lighting 
without major disturbance, soft lighting with little disturbance, and no disturbing sources. 
Q43 categories were severe noise affecting daily life, frequent obvious noise, continuous 
non-harsh background noise, occasional slight noise, and almost no noise. Higher scores 
therefore indicated more favourable reported conditions for all 13 indicators.

3.2.2. Mapped Environmental Indicators
The mapped indicators described the administrative context at the subdistrict or town 

level, the finest residential spatial resolution available in the survey. Children assigned to 
the same administrative unit shared the same mapped indicator values. Reported district 
and subdistrict or town names were matched to OpenStreetMap (OSM) administrative 
polygons [48], with Gumeilu and Gumei in Minhang District treated as the same unit. The 
242 responses matched 103 administrative units. The main sample represented 90 of these 
units. Supplementary File S2 provides administrative-unit areas (Table S9).

Six candidate mapped indicators were assessed for collinearity. When vegetation 
cover and NDVI entered together, their VIFs ranged from 16.17 to 18.14 across the three 
equations. Their Pearson correlation was 0.943 across the 195 child records, matching the 
model weighting, and 0.958 across the 90 equally weighted units. To reduce this overlap, the 
contextual model retained vegetation cover, a direct measure of vegetated land-area share, 
and omitted NDVI. Table 2 identifies the five retained indicators and reports their VIFs.

Table 2. Definition and processing of mapped environmental indicators.

Indicator Calculation and Transformation VIF 
(Activity/Acuity)

Contextual 
Model

Vegetation cover 
share

ESA WorldCover 2021 v200 classes 10, 20, 30, 40, 90, 
95 and 100 [49]. Classified vegetation area/total 
administrative area; z-standardisation. Includes 
cropland and wetland vegetation.

2.44/2.54 Retained

Summer NDVI

Selected Sentinel-2 Level-2A observations, 
June–August 2025 [50]. 
NDVI = (NIR − red)/(NIR + red). Clear-land 
pixel-median composite, then unit mean; 
z-standardisation.

16.17/16.51 * Supplementary 
only

Street and path 
density

Eligible OSM route length/total administrative area 
(km/km2 ); ln(1 + density), then z-standardisation. 4.94/4.97 Retained

Potential 
activity-facility 
density

Eligible mapped playground and sports feature 
count/total administrative area (features/km2 ); 
ln(1 + density), then z-standardisation.

2.13/2.17 Retained

Building density Union area of valid OSM building footprints/total 
administrative area; z-standardisation. 3.65/3.73 Retained

OSM park-area 
share

Union area of all valid leisure = park polygons/total 
administrative area; z-standardisation. Uses 
unbuffered polygon areas across all access 
categories to represent potential park supply.

1.51/1.52 Retained

Note: VIFs are reported for the five-indicator contextual model, except NDVI (*), whose values 
come from the joint six-indicator specification. Activity VIFs are identical for the outdoor and 
screen equations. Complete equation-specific values for all models appear in Supplementary File S2 
(Table S3B).
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Vegetation cover uses ESA WorldCover 2021 v200, whereas NDVI uses selected cloud-
screened Sentinel-2 Level-2A observations from June-August 2025. These sources precede 
the March 2026 survey by different intervals. OSM data came from the archived snapshot of 
11 March 2026 [48]. Vegetation area was divided by the total administrative area, including 
water. All 220 mapped units had complete WorldCover classification coverage. Park-area 
calculations retained polygons of all sizes. Facility counts covered playground and sports 
features, with parks represented separately by area share. Facility and route measures 
excluded recorded private or prohibited access. The mapped indicators describe land 
cover and potential resource provision; public access, maintenance, safety and preschool 
suitability require site-level assessment. Supplementary File S2 lists the OSM tags and 
processing rules (Table S8).

The z-standardisation used the means and sample standard deviations across the 
195 children, thereby weighting each administrative unit in proportion to its number of 
sampled children. Sensitivity analyses retained these main-sample transformation constants. 
The contextual model entered five mapped indicators, excluding NDVI, into each equation 
alongside the 13 parent-reported indicators and the same covariates. The visual-acuity 
equation also included both activity scores. VIFs ranged from 1.23 to 4.94 in both contextual 
activity equations and from 1.28 to 4.97 in the acuity equation. The NDVI alternative and 
the joint specification were retained as supplementary comparisons.

3.3. Activity, Visual Acuity and Covariates
3.3.1. Activity Scores and Visual Acuity

Parents reported daily activities. Outdoor duration (Q21) covered the cumulative 
daily time spent in outdoor play, exercise and leisure. The response labels were <30, 30–60, 
60–90, 90–120, 120–180 and >180 min. Recreational screen time (Q26) covered daily screen 
use for entertainment, with response labels of almost never, <30, 30–60, 60–90, 90–120 
and >120 min. Both variables were coded from 1 to 6 in ascending order of the response 
categories and entered as parallel activity scores. The linear models treated successive 
score categories as equally spaced, while the underlying time intervals varied in width. 
Alternative ordinal-outcome and categorical-predictor specifications were examined in the 
sensitivity analyses (Section 3.5.1).

Mean reported acuity was the mean of the parent-reported left- and right-eye un-
corrected visual acuity values from the most recent examination (Q18), rounded to two 
decimal places. Acuity was recorded on the five-point notation of the Chinese logarithmic 
visual-acuity scale, with higher values indicating better reported acuity. The questionnaire 
included a recording-scale guide (Supplementary File S1, Q18). Its stated range of 4.0–5.3 
corresponds to the standard distance chart’s direct measurement range [51]. Assessment of 
myopia and hyperopic reserve requires refractive measurements. Examination timing (Q17) 
and daily activity reports could refer to different periods. A 0.1-unit change corresponds to 
one chart line. Unstandardised activity coefficients and indirect estimates are also expressed 
in chart lines to show their measurement-scale magnitude.

3.3.2. Covariates
All three regression equations included six covariate terms: child age, child sex, two 

indicators of parental myopia, annual household income, and mean parental education 
score (Table 3). These variables were included to adjust for measured demographic, family-
history, and socioeconomic differences. Separate indicators for one and two myopic parents 
allowed their associations to differ. Reported parental myopia served as a family-history 
proxy that may reflect both inherited susceptibility and shared family circumstances. All 
equations retained the full covariate set.
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Table 3. Child and family covariates in both models.

Covariate Definition and Coding

Child age Age in completed years (3–6), entered as a linear term.

Child sex Female = 1;
male = 0 (reference).

Reported parental myopia
A parent was classified as myopic if a positive myopia magnitude was reported 
for either eye (Q8; no myopia = 0). Two indicators represented one and two 
myopic parents, with neither parent myopic as the reference.

Annual household income

Original bands scored 1–5:
<CNY 100,000;
CNY 100,000–200,000;
CNY 200,000–300,000;
CNY 300,000–500,000;
>CNY 500,000 (Q11).
Entered as one ordinal score term.

Mean parental education score

Mean of the father’s and mother’s education scores (Q9–Q10):
1, junior secondary or below;
2, senior secondary or technical secondary;
3, junior college or bachelor’s;
4, master’s or above. Entered as a linear score term.

3.4. Statistical Analysis
The analysis fitted three linear regression equations to estimate environmental associa-

tions with the two activity scores and mean reported acuity. All environmental indicators 
entered the equations jointly, so each coefficient was adjusted for the other environmental 
indicators and covariates.

For child i, 𝑋𝑖𝑗 denotes environmental indicator j, 𝑂𝑖 the outdoor-duration score, 𝑆𝑖
the recreational screen-time score, and 𝑌𝑖 mean reported acuity. The vector 𝐶𝑖 contains the 
six covariate terms listed in Table 3. The primary model includes p = 13 environmental 
indicators, and the contextual model includes p = 18:

𝑂𝑖 = 𝛼𝑂 + ∑
𝑝

𝑗=1
𝑎𝑂𝑗𝑋𝑖𝑗 + 𝛾𝑇

𝑂𝐶𝑖 + 𝜀𝑂𝑖 (1)

𝑆𝑖 = 𝛼𝑆 + ∑
𝑝

𝑗=1
𝑎𝑆𝑗𝑋𝑖𝑗 + 𝛾𝑇

𝑆 𝐶𝑖 + 𝜀𝑆𝑖 (2)

𝑌𝑖 = 𝛼𝑌 + ∑
𝑝

𝑗=1
𝑐′

𝑗𝑋𝑖𝑗 + 𝑏𝑂𝑂𝑖 + 𝑏𝑆𝑆𝑖 + 𝛾𝑇
𝑌𝐶𝑖 + 𝜀𝑌𝑖 (3)

The coefficients 𝑎𝑂𝑗 and 𝑎𝑆𝑗 represent adjusted associations of each environmental 
indicator with the activity scores. In Equation (3), 𝑏𝑂 and 𝑏𝑆 represent the activity-acuity 
associations, adjusted for each other and the remaining predictors. Their unstandardised 
values describe the difference in mean reported acuity associated with a one-category 
increase in the corresponding activity score. The coefficient 𝑐′

𝑗 is the environmental-acuity 
association conditional on both activity scores, the other environmental indicators, and 
the covariates. The term “direct association” refers to this model coefficient. Each 𝛼 is an 
intercept, each 𝛾 is a vector of covariate coefficients, 𝑇 denotes transpose, and each 𝜀 is an 
equation-specific error term.

The equations were estimated by ordinary least squares (OLS). Standardised coef-
ficients in the primary model and contextual model were checked against an equivalent 
maximum-likelihood structural equation model (SEM), allowing covariances among envi-
ronmental indicators and covariates and residual covariance between the activity equations. 
The activities formed parallel paths. The saturated SEM had zero degrees of freedom 
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and served as a computational check of the OLS point estimates. Supplementary File S2 
reports complete coefficients and HC3 comparisons for the primary and contextual models 
(Table S1). It also provides explained variance, Shapiro-Wilk and Breusch-Pagan tests, 
leverage and Cook’s distance for each equation (Table S3).

For each environmental indicator, the linear path model decomposed its conditional 
total association into a direct association and two specific indirect associations:

𝐼𝐸𝑂
𝑗 = 𝑎𝑂𝑗𝑏𝑂, 𝐼𝐸𝑆

𝑗 = 𝑎𝑆𝑗𝑏𝑆
𝐼𝐸𝑗 = 𝐼𝐸𝑂

𝑗 + 𝐼𝐸𝑆
𝑗 , 𝑇𝐸𝑗 = 𝑐′

𝑗 + 𝐼𝐸𝑗
(4)

Here, 𝐼𝐸𝑂
𝑗  and 𝐼𝐸𝑆

𝑗  are the specific indirect associations through the outdoor-duration 
and recreational screen-time scores, 𝐼𝐸𝑗 is their sum, and 𝑇𝐸𝑗 is the total association condi-
tional on the other environmental indicators and covariates. 𝑇𝐸𝑗 was checked against the 
coefficient for the same environmental indicator in a regression of mean reported acuity that 
used the same sample, environmental indicators and covariates but omitted both activity 
scores. This check assessed the algebraic consistency of the linear decomposition. The 
estimates were interpreted as conditional cross-sectional associations [52,53].

The analysis reports unstandardised coefficients B and fully standardised coefficients 
𝛽𝑈→𝑉 = 𝐵𝑈→𝑉

𝑠𝑈
𝑠𝑉

, where s is the standard deviation of predictor U or outcome V in the 
relevant analysis sample. Each indirect estimate was standardised by multiplying it by the 
environmental indicator’s standard deviation and dividing by the standard deviation of 
mean reported acuity. Unstandardised parental-myopia coefficients compare one or two 
myopic parents with neither parent myopic.

Linear-regression covariance estimates used the subdistrict- or town-level cluster-
robust CRV1 estimator with the finite-sample multiplier 𝐺

𝐺−1 · 𝑛−1
𝑛−𝑘 , where n is the analysis 

sample size, G the number of administrative units, and k the number of regression parame-
ters including the intercept. Coefficient tests used a t distribution with G − 1 degrees of 
freedom. G was 90 in both the primary model and the contextual model. For each linear 
path specification, 5000 bootstrap samples were generated by drawing G whole units with 
replacement (seed 20260908). Each selection retained all children in that unit, including 
repeated copies when a unit was drawn more than once. All three equations were refitted, 
and fully standardised coefficients and indirect estimates were recomputed using each boot-
strap sample’s standard deviations. All 19 linear specifications completed 5000 successful 
replicates: the primary and contextual models, 12 sensitivity specifications, two alternative 
greenness specifications, two single-record exclusion checks and the separate 204-record 
boundary audit. Percentile-based 95% bootstrap confidence intervals were the primary 
intervals for indirect associations. Bias-corrected and accelerated (BCa) intervals were a 
sensitivity check, with acceleration estimated by leaving out one unit at a time.

Individual regression coefficients were tested using two-sided tests. Holm’s step-down 
procedure controlled the family-wise error rate at 0.05 within each specified test family.

Specific indirect associations were tested using 𝑝joint = max(𝑝𝑎, 𝑝𝑏), where 𝑝𝑎 and 
𝑝𝑏 are the unadjusted cluster-robust p values for their component coefficients. The null 
hypothesis was that at least one component coefficient was zero. Two grouping schemes 
were used: analysis-based Holm adjustment and hypothesis-specific Holm adjustment. 
Both schemes used the same unadjusted coefficient and joint-significance p values.

Analysis-based Holm adjustment grouped tests into four families within each model: 
activity-path coefficients (2p + 2 tests: 28 in the primary model and 38 in the contextual 
model), direct environmental-acuity coefficients (p tests: 13 and 18), domain-level joint tests 
(14 in each model), and specific indirect associations (2p tests: 26 and 36). The activity-path 
family included all environmental associations with the two activity scores and both activity-
acuity associations. Domain-level F tests assessed whether all coefficients within a given 
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parent-reported environmental domain were zero, yielding 14 nondirectional tests across 
the two activity equations. Single-item domains used the corresponding coefficient tests.

Hypothesis-specific Holm adjustment assessed evidence within each of H1–H7 sep-
arately in each of the two 195-child models. All tests assigned to each hypothesis were 
retained. H1 and H2 concerned perceived environmental associations with outdoor dura-
tion and screen time, respectively. H3 concerned mapped environmental associations with 
outdoor duration and applied only to the contextual model. H4 and H5 each contained one 
activity-acuity test per model, so their adjusted p values equalled their unadjusted p values. 
H6 and H7 concerned the specified indirect associations. Complete family definitions and 
both sets of results are provided in Supplementary File S2 (Table S16).

Both sets of adjusted p values are reported, with analysis-based adjustment retained 
as the main statistical standard. Unless otherwise stated, reported Holm-adjusted p values 
refer to this scheme. Evidence consistent with a directional hypothesis required both the 
expected sign and an adjusted p value below 0.05. Mapped indirect associations through 
screen time were exploratory. Error control was applied separately to each family within 
each model, and bootstrap confidence intervals described pointwise uncertainty. Holm 
adjustment remains valid for dependent tests, including indirect tests sharing an activity-
acuity coefficient. Analysis-based family sizes were updated when sensitivity specifications 
changed the included indicators. Statistical analyses were conducted in Python 3.12.14.

3.5. Sensitivity and Additional Analyses
3.5.1. Sensitivity Analyses

Sensitivity analyses changed one aspect of each model specification at a time. Table 4 
summarises the sensitivity and additional analyses. Removing the examination-recency 
restriction while retaining the acuity range yielded 226 children. Further checks substituted 
the lower of the two reported eye values, entered age categorically, or added three near-work 
groups. Each of these four changes was fitted in the primary and contextual models. A 
separate 204-record boundary audit retained all recent examinations before range screening 
to assess sensitivity to acuity-range screening. Sample restrictions were applied to all three 
equations. Changing the acuity definition affected only the visual-acuity equation. For 
the linear path sensitivity models, changes to environmental indicators or covariates were 
applied consistently to all three equations. Two additional contextual specifications replaced 
vegetation cover with NDVI or included both measures jointly, retaining the same sample 
and other predictors. Complete coefficients and diagnostics for these comparisons are 
reported in Supplementary File S2 (Table S10).

Environmental checks in the primary model added perceived population and building 
density as covariates or replaced the three specific safety indicators with overall safety. In 
addition, a sensitivity check in the primary model entered reported walking time as three 
groups based on the original, unreversed Q38 category codes: 1–2, 3, and 4–5. The last 
group, representing the longest reported walking times, was the reference.

The age-category check used age 3 as the reference. An additional sensitivity check 
in the primary model grouped household income into original bands 1–2, 3, and 4–5, 
with the first group as the reference. All other child and family covariates retained their 
original definitions.

Near work (Q27: reading, drawing, puzzles and similar activities) was added as 
indicators for three groups: original category 1 (<1 h), category 2 (1–2 h) and categories 
3–5 (≥2 h), with category 1 as the reference.
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Table 4. Overview of sensitivity and additional analyses.

Category Analyses Purpose

1. Sample selection and 
influential observations

Remove the 12-month restriction (n = 226, 
both models).

Retain all recent examinations before acuity-range 
screening (n = 204, primary model).

Exclude the highest outdoor-duration record (n = 194, 
both linear models and the Firth model).

Assess sensitivity to eligibility 
criteria and the influence of a 

single observation.

2. Variable definitions 
and coding

Use lower-eye acuity (both models).
Enter age categorically (both models).

Group income or walking time into three categories 
(primary model).

Assess dependence on the 
outcome definition and 

predictor coding.

3. Environmental 
measures and covariate 

specifications

Add near-work groups (both models).
Add perceived population and building density 

(primary model).
Replace three safety items with overall safety 

(primary model).
Compare NDVI-only and joint greenness 

specifications (contextual models).
Compare individual greenery ratings with other 

parents’ mean ratings within the same unit (n = 149, 
matched sample).

Assess changes associated with 
additional adjustment, 

environmental measures and 
the source of greenery ratings.

4. Model form and 
statistical inference

Fit ordered-logit activity models.
Enter both activities categorically in the 

acuity equation.
Compare HC3 with cluster-robust inference.

Compare percentile and BCa bootstrap intervals.

Assess dependence on linear 
score specifications and 

methods for 
estimating uncertainty.

5. Additional outcomes 
and cross-measure 

comparisons

Fit an age-referenced Firth regression.
Compare mapped indicators with unit-mean 

parental ratings.

Examine a complementary 
visual outcome and 

correspondence between 
physical and perceived 

environmental measures.

6. Joint tests and multiple 
comparisons

Jointly test indicators within each perceived 
environmental domain.

Apply analysis-based and hypothesis-specific 
Holm adjustments.

Assess evidence at the item, 
domain and hypothesis levels, 

with explicit 
multiplicity families.

Note. “Both models” refers to the primary and five-indicator contextual models. Categories 1–4 
cover sensitivity or robustness checks; categories 5–6 cover additional analyses and assessment of 
statistical evidence.

Proportional-odds logistic models assessed each activity score as an ordered outcome 
using the same 13 environmental indicators and six covariate terms. Predictors were 
standardised, and environmental coefficients were reported as odds ratios per standard-
deviation increase with cluster-robust intervals. These models assumed a common slope 
across outcome thresholds. Holm adjustment covered the 26 environmental coefficients 
across both activity models. A separate OLS visual-acuity model entered both activities 
categorically alongside the same 13 environmental indicators and six covariate terms, using 
the lowest observed category as the reference for each activity. Joint F tests assessed each 
activity’s category coefficients, with Holm adjustment across the two tests. These models 
checked component associations. The product decomposition in Equation (4) was applied 
only to linear path models. HC3 heteroskedasticity-robust intervals were calculated under 
an independence assumption for comparison only. Cluster-robust intervals remained the 
primary intervals for linear-regression coefficients.

https://doi.org/10.3390/buildings16214386

https://doi.org/10.3390/buildings16214386


Buildings 2026, 16, 4386 15 of 30

An additional influence analysis examined the single child in the highest outdoor-
duration category (>180 min). The original questionnaire export and processed records 
were checked for agreement. Cook’s distance and the outdoor-duration coefficient’s DFBETA 
and standardised DFBETAS were calculated in both 195-child acuity equations. Both linear 
path models and the age-referenced Firth model were then refitted without this record 
(n = 194), retaining all other specifications and inference procedures. The 195-child analyses 
remained primary.

3.5.2. Cross-Measure and Age-Referenced Supplementary Analyses
Cross-measure comparisons paired vegetation cover share and summer NDVI sep-

arately with perceived neighbourhood greenery, street and path density with perceived 
pedestrian crossing and sidewalk continuity, and potential activity-facility density with 
perceived sufficiency of children’s play spaces. Parent-reported indicators were averaged 
within the 90 administrative units using the 195 children in the main sample. Spearman 
correlations gave each unit equal weight, with Holm adjustment across the four compar-
isons. These correlations described area-level correspondence between parental ratings and 
mapped physical attributes.

An age-referenced binary indicator identified children with either eye below the ref-
erence values in Shanghai’s 2019 technical specifications for eye care and visual health in 
children aged 0–6 years [54]: <4.7 at age 3, <4.8 at ages 4–5, or <4.9 at age 6. Survey age 
served as a proxy for age at examination when applying these age-specific reference values. 
Continuous mean acuity remained the primary outcome.

The supplementary binary regression included both activity scores, age in completed 
years as a linear term, sex, two parental-myopia indicators, income and mean parental 
education. With 21 children below the reference, the model used this reduced predictor 
set to limit complexity. Firth’s penalised logistic likelihood reduced separation-related 
estimation problems [55]. Activity odds ratios were reported per one-category increase, 
with pointwise percentile intervals from 5000 whole-unit bootstrap draws. In the 195-child 
analysis, seventy draws required an alternative optimiser for the same penalised likelihood 
and the same resampled data. All original draws were retained.

4. Results
4.1. Sample and Baseline Measurement Characteristics

The primary analysis included 195 children from 90 subdistrict or town units. Of the 
242 records, 38 were excluded because no previous examination was reported (n = 4), the 
latest examination was more than 12 months earlier (n = 20), or examination timing could 
not be recalled (n = 14). Excluding a further nine records with acuity outside 4.0–5.3 in 
either eye yielded a primary sample of 195 children. The number of children per unit ranged 
from 1 to 9 (mean 2.17; median 1). Forty-six units contained one child, and 23 contained 
two. All predictors were complete in the primary sample. Table 5 summarises the sample 
characteristics, including household income and parental education, alongside the core 
activity and acuity measures.

The activity responses concentrated in the middle categories. In the primary sample, 
77 children (39.5%) reported 60–90 min of outdoor activity per day, and 53 (27.2%) reported 
30–60 min. Recreational screen time was below 30 min for 93 children (47.7%) and 30–60 min 
for 71 (36.4%). Seven children occupied the lowest outdoor category and one the highest. 
The corresponding screen-time counts were ten and two.

Reported acuity averaged 5.02 (SD 0.21) in the primary sample and ranged from 
4.00 to 5.30. Mean reported acuity at ages 3, 4, 5 and 6 was 4.85, 5.01, 5.03 and 5.11, re-
spectively. Among the 238 records reporting a previous examination, nine children had 
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at least one eye value above 5.3, and three had a value below 4.0. Nine of these 12 records 
concerned examinations within the previous 12 months. Supplementary File S2 reports 
age-specific acuity distributions before and after screening (Table S7).

Table 5. Sample characteristics and core measures.

Characteristic All Records, N = 242 Primary Sample, N = 195

Age 3 years 26 (10.7%) 18 (9.2%)
Age 4 years 83 (34.3%) 68 (34.9%)
Age 5 years 86 (35.5%) 68 (34.9%)
Age 6 years 47 (19.4%) 41 (21.0%)

Male 126 (52.1%) 109 (55.9%)
Female 116 (47.9%) 86 (44.1%)

0 parents reporting myopia 121 (50.0%) 101 (51.8%)
1 parent reporting myopia 66 (27.3%) 48 (24.6%)
2 parents reporting myopia 55 (22.7%) 46 (23.6%)

Annual household income: <CNY 100,000 7 (2.9%) 6 (3.1%)
CNY 100,000–200,000 25 (10.3%) 24 (12.3%)
CNY 200,000–300,000 108 (44.6%) 87 (44.6%)
CNY 300,000–500,000 57 (23.6%) 48 (24.6%)

>CNY 500,000 45 (18.6%) 30 (15.4%)
Father’s education: Junior secondary or below 0 (0.0%) 0 (0.0%)

Senior secondary or technical secondary 16 (6.6%) 14 (7.2%)
Junior college or bachelor’s degree 195 (80.6%) 155 (79.5%)

Master’s degree or above 31 (12.8%) 26 (13.3%)
Mother’s education: Junior secondary or below 1 (0.4%) 1 (0.5%)

Senior secondary or technical secondary 35 (14.5%) 22 (11.3%)
Junior college or bachelor’s degree 180 (74.4%) 159 (81.5%)

Master’s degree or above 26 (10.7%) 13 (6.7%)
Outdoor-duration category score 3.02 (1.07) 3.09 (1.06)

Recreational screen-time category score 2.55 (0.87) 2.56 (0.84)
Mean reported visual acuity 5.02 (0.24) 5.02 (0.21)

Note: Values are n (%) or mean (SD). Education is presented separately for each parent; the models 
use the mean parental education score. Acuity uses the Chinese five-point logarithmic scale. The 
all-record acuity summary includes reports excluded from the primary analysis. Outdoor and screen 
scores represent ordered duration categories rather than measured hours.

Parents generally rated the community environment favourably, although the 13 items 
captured distinct conditions rather than a single combined score. Table 6 therefore reports 
each indicator separately. Personal security and reduced night-light disturbance received 
the highest mean ratings, while walking access received the lowest.

The five objective indicators described the wider administrative context. For the pri-
mary sample, the median vegetation cover share was 18.46% (IQR 14.06–31.54%). Median 
OSM park-area share was 1.94% (0.78–4.28%). Street and path density was 11.89 km/km2  
(7.89–14.48), potential activity-facility density was 2.79 features/km2  (0.84–6.38), and 
mapped building density was 13.95% (3.68–21.25%). Figure 2 displays all five indicators 
across the same 220 administrative units.

The physical indicators and matched parental ratings showed limited correspondence 
at the administrative-unit level. With equal weight for 90 units, Spearman correlations were 
−0.158 between vegetation cover and perceived greenery, 0.127 between street density and 
crossing/pavement continuity, and 0.170 between facility density and play-space sufficiency. 
The respective Holm-adjusted p values were 0.4401, 0.4569, and 0.4401. These findings 
support treating objective context and parental perception as complementary rather than 
interchangeable measures.
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Table 6. Distribution of parent-perceived environmental indicators in the primary sample.

Indicator Mean (SD) Median [Q1,Q3] Rating 4–5, n (%)

Crossing and pavement continuity 3.88 (0.75) 4 [3,4] 134 (68.7%)
Vehicle-pedestrian separation 3.79 (0.77) 4 [3,4] 130 (66.7%)

Perceived greenery 4.04 (0.79) 4 [4,5] 149 (76.4%)
Play-space sufficiency 4.02 (0.81) 4 [4,5] 147 (75.4%)

Summer shade 4.04 (0.81) 4 [3,5] 145 (74.4%)
Winter wind comfort 3.91 (0.72) 4 [3,4] 141 (72.3%)

Traffic safety 3.94 (0.85) 4 [3,5] 133 (68.2%)
Facility safety 4.05 (0.69) 4 [4,4.5] 158 (81.0%)

Personal security 4.17 (0.68) 4 [4,5] 176 (90.3%)
Walking access 3.13 (0.95) 3 [3,4] 83 (42.6%)

Fewer air-pollution sources 4.05 (0.87) 4 [4,5] 159 (81.5%)
Less disturbing night light 4.14 (0.83) 4 [4,5] 163 (83.6%)

Quietness 3.93 (0.85) 4 [4,4] 149 (76.4%)
Note: n = 195. Each item uses a five-point scale; higher scores indicate more favourable perceived 
conditions. Q1 and Q3 denote the 25th and 75th percentiles, respectively.

Figure 2. Physical environmental context across 220 subdistrict or town units in Shanghai. Panels 
show (a) vegetation cover share, (b) street and path density, (c) potential activity-facility density, 
(d) mapped building density measured as building-footprint coverage, and (e) OSM park-area share. 
Colours indicate five quantile classes for each indicator. The maps describe administrative context, 
not individual exposure.
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4.2. Environmental Associations with Daily Activity (H1–H3)
Perceived greenery showed the clearest association with reported outdoor duration. 

In the primary model, a one-SD higher greenery rating corresponded to a 0.286-SD higher 
outdoor-duration score (95% CI 0.096 to 0.476; unadjusted p = 0.0037, analysis-based Holm 
p = 0.0950). The five-indicator contextual model produced a similar estimate (β = 0.281, 
95% CI 0.100 to 0.463; unadjusted p = 0.0027, analysis-based Holm p = 0.1010). These 
positive pointwise associations followed the direction proposed in H1. Both greenery-
outdoor associations met the hypothesis-specific Holm criterion for H1 (adjusted p = 0.0475 
and 0.0355 for the primary and contextual models, respectively). Perceived summer shade 
also showed a positive but imprecise association with outdoor duration in the primary 
model (β = 0.162, 95% CI −0.013 to 0.337).

For recreational screen time, several perceived environmental attributes showed point-
wise associations. In the primary model, better walking access (β = −0.192, 95% CI −0.369 
to −0.014) and fewer perceived air-pollution sources (β = −0.367, 95% CI −0.595 to −0.138) 
showed pointwise associations with less recreational screen time. Better crossing and pave-
ment continuity also showed a negative pointwise association with recreational screen 
time (β = −0.219, 95% CI −0.363 to −0.075). The walking-access, crossing/pavement, 
and air-pollution associations remained pointwise significant in the contextual model. 
Vehicle-pedestrian separation showed positive pointwise associations with screen time in 
both models (β = 0.198 and 0.189, respectively), opposite to the direction proposed in 
H2. None of these screen-time associations met the analysis-based Holm criterion in the 
195-child models. Under hypothesis-specific Holm adjustment for H2, fewer perceived 
air-pollution sources met the criterion in both models (adjusted p = 0.0260 and 0.0191). 
Crossing and pavement continuity met this criterion in the primary model (0.0400), but not 
in the contextual model (0.0508; Supplementary File S2, Table S16).

Among the mapped indicators in the contextual model, vegetation cover had a positive 
estimate for recreational screen time, with an interval spanning zero (β = 0.209, 95% 
CI −0.021 to 0.439). For outdoor duration, mapped building density showed a negative 
pointwise association (β = −0.238, 95% CI −0.472 to −0.004), while activity-facility density 
showed a positive estimate (β = 0.134, 95% CI −0.036 to 0.305). The facility-density interval 
included zero. None of the mapped outdoor-duration associations met either the analysis-
based or the hypothesis-specific Holm criterion for H3. Figure 3 and Supplementary File S2 
(Table S1) present the full environment-to-activity coefficient set.

Domain-level tests assessed the joint associations of related perceived environmental 
indicators with each activity outcome. No primary-model test met the Holm-adjusted 
criterion. In the contextual model, the greenery domain was associated with outdoor 
duration (F(1, 89) = 9.50, Holm p = 0.0382), while the pollution and disturbance domain 
did not meet the adjusted criterion for screen time (F(3, 89) = 4.72, Holm p = 0.0545). These 
supplementary results describe domain-level associations and remain distinct from the 
item-level hypothesis tests.

4.3. Activity Associations with Reported Visual Acuity (H4–H5)
Outdoor-duration estimates were positive in both models, following the direction 

proposed in H4. The primary estimate was β = 0.127 (95% CI −0.071 to 0.325), and the 
five-indicator contextual estimate was β = 0.141 (95% CI −0.060 to 0.342). On the reported 
acuity scale, a one-category increase in outdoor duration corresponded to an estimated 
difference of 0.25 chart lines in the primary model (95% CI −0.14 to 0.64). The contextual 
estimate was 0.28 lines (95% CI −0.12 to 0.68). One chart line represents 0.1 units on the 
reported acuity scale. Recreational screen-time estimates were close to zero in both models. 
All activity-acuity confidence intervals included zero, and neither activity met the analysis-
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based or the hypothesis-specific Holm criterion (Supplementary File S2, Table S16). These 
estimates quantify the magnitude and uncertainty of the proposed activity-acuity links, 
providing a basis for further longitudinal investigation.

Figure 3. Environmental associations with (a) outdoor duration and (b) recreational screen time. 
Lines show pointwise cluster-robust 95% confidence intervals. The horizontal dashed line separates 
parent-perceived and mapped indicators.

The supplementary analysis classified children according to whether reported acuity 
in at least one eye fell below the reference for their age. Among the same 195 children, 21 
(10.8%) met this criterion. Firth logistic regression included both activity scores and adjusted 
for child and family characteristics. For each one-category increase in outdoor duration, 
the estimated odds ratio for below-reference acuity was 0.683 (95% cluster-bootstrap CI 
0.307 to 1.184). This estimate pointed towards lower odds with longer outdoor duration, 
consistent in direction with the continuous-acuity results. The confidence interval included 
one, highlighting the need for further clarification of this potential association. Recreational 
screen time showed no clear association with this age-referenced outcome. Complete 
coefficients, including child and family covariates, are provided in Supplementary File S2 
(Table S2).

4.4. Environment-Activity-Visual Acuity Associations (H6–H7)
The greenery-outdoor pathway produced a positive standardised indirect estimate in 

both models. The primary estimate was 0.0362 (percentile 95% CI −0.0206 to 0.1193), and 
the contextual estimate was 0.0396 (percentile 95% CI −0.0164 to 0.1256). On the original 
acuity scale, these estimates corresponded to 0.10 and 0.11 chart lines per one-point increase 
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in the perceived-greenery rating, respectively. The indirect estimates were positive in both 
models but did not meet the family-wise criterion for H6.

Several pathways through outdoor duration also showed positive point estimates, 
including perceived summer shade and potential activity-facility density in the five-indicator 
contextual model. The mapped building-density estimate through outdoor duration was 
negative. Across both models, all specific indirect estimates had pointwise percentile 
intervals spanning zero, and none of the hypothesised indirect associations met the analysis-
based or the hypothesis-specific Holm criterion for H6 or H7 (Supplementary File S2, 
Table S16). Figure 4 shows all specific indirect estimates.

Figure 4. Specific indirect environmental associations with reported visual acuity through (a) outdoor 
duration and (b) recreational screen time. Lines show pointwise percentile-based 95% bootstrap 
confidence intervals from 5000 whole-cluster bootstrap draws per model. The horizontal dashed line 
separates parent-perceived and mapped indicators.

The analysis combined the direct and indirect estimates to assess the overall association 
between perceived greenery and reported visual acuity. In both models, the positive 
combined indirect estimate for perceived greenery mainly reflected the outdoor-duration 
pathway. The indirect estimate through recreational screen time was close to zero. After 
accounting for both activity scores and the other covariates, the direct greenery-acuity 
estimates were slightly negative. Adding these to the positive combined indirect estimates 
yielded small positive total estimates. The standardised total estimate was 0.0129 (percentile 
95% CI −0.1406 to 0.1933) in the primary model. The contextual model yielded a similar 
estimate of 0.0195 (percentile 95% CI −0.1390 to 0.2123).

4.5. Sensitivity and Supplementary Analyses
The greenery-outdoor association remained positive across the two main models and 

12 retained linear sensitivity specifications. The standardised coefficient ranged from 0.217 
to 0.286, and every pointwise 95% confidence interval remained above zero. None of these 

https://doi.org/10.3390/buildings16214386

https://doi.org/10.3390/buildings16214386


Buildings 2026, 16, 4386 21 of 30

associations met the corresponding analysis-based Holm criterion. The smallest coefficient 
occurred when overall safety replaced the three specific safety items (β = 0.217). Adjustment 
for near work retained similar greenery-outdoor estimates in the primary and contextual 
models (β = 0.286 and 0.281, respectively). The corresponding greenery-outdoor-acuity 
indirect estimates remained positive (0.023–0.040), with all pointwise percentile intervals 
including zero. Figure 5 separates the two main specifications from changes to the sample, 
outcome definition, or covariate coding. Replacing mean acuity with the lower-eye value 
changed only the acuity equation and left the greenery-outdoor estimates unchanged. 
Supplementary File S2 (Table S4) summarises these estimates, including percentile and 
BCa intervals for the greenery-outdoor-acuity indirect association. The 204-record analysis 
before acuity-range screening is reported separately in the same table. In that 204-child 
analysis, the greenery-outdoor estimate was 0.281 (95% CI 0.102 to 0.461). Its analysis-based 
item-level Holm p value was 0.0700, whereas the greenery-domain test met its separate 
criterion (Holm p = 0.0350; Table S13). The greenery-domain tests also met this criterion in 
both 226-child analyses (Holm p = 0.0289 and 0.0220; Table S15B).

Figure 5. Perceived greenery and the outdoor pathway across two main models and 12 sensitivity 
specifications. Panel (a) shows greenery-outdoor coefficients with pointwise cluster-robust 95% 
confidence intervals. Panel (b) shows the corresponding indirect estimates with pointwise percentile 
95% bootstrap intervals. The horizontal dashed line separates the two main models from the sensitivity 
specifications. Coloured vertical dashed lines mark the corresponding primary- and contextual-model 
estimates as benchmarks.

Several screen-time associations met the analysis-based Holm criterion for H2 in sen-
sitivity analyses. Fewer perceived air-pollution sources were associated with less screen 
time in both age-category and near-work-adjusted models, and in the primary-model 
checks using overall safety or grouped walking time. Across these six 195-child specifica-
tions, coefficients ranged from −0.375 to −0.317, and Holm p values from 0.0208 to 0.0474. 
Crossing and pavement continuity also met the criterion after adjustment for perceived 
population and building density (β = −0.229, 95% CI −0.366 to −0.092; Holm p = 0.0368). 
Table S15A reports both indicators across all linear specifications. Domain tests identi-
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fied pollution/disturbance-screen associations in several sensitivity specifications and a 
walking/traffic-space-screen association with perceived-density adjustment (Table S15B).

The ordinal sensitivity model retained the positive greenery-outdoor association. A 
one-SD increase in perceived greenery corresponded to higher odds of reporting a longer 
outdoor-duration category (OR = 1.926, 95% CI 1.232–3.010, Holm p = 0.1162). Crossing and 
pavement continuity and fewer perceived air-pollution sources were associated with lower 
screen-time categories at the pointwise level (OR = 0.633, 95% CI 0.445 to 0.901; OR = 0.434, 
0.202 to 0.932, respectively). Neither screen-time association met its Holm criterion. Sparse 
extreme categories limited assessment of the proportional-odds assumption. In the separate 
acuity model treating both activities categorically, the highest outdoor-duration category 
contained only one child, producing leverage of 1 and unstable inference. Supplementary 
File S2 reports the ordinal and categorical results (Tables S5, S6A and S6B).

Checking the highest outdoor-duration record against the original export found no 
transcription or processing discrepancy. Excluding this record increased the outdoor-acuity 
coefficients to β = 0.194 (95% CI 0.020 to 0.369) in the primary model and 0.205 (0.025 to 
0.386) in the contextual model. The corresponding standardised indirect estimates were 
0.0587 (95% CI 0.0021 to 0.1324) and 0.0611 (0.0034 to 0.1381). Neither H4 nor H6 met 
its analysis-based Holm criterion. The greenery-outdoor estimates remained positive and 
met the corresponding analysis-based Holm criteria in this sensitivity analysis (adjusted 
p = 0.0417 and 0.0427). Fewer perceived air-pollution sources were also associated with 
less screen time in both 194-child models (β = −0.407 in each; Holm p = 0.0210 and 0.0176), 
meeting the H2 criterion for this indicator (Table S15A). The age-referenced outdoor OR was 
0.554 (95% cluster-bootstrap CI 0.249 to 0.901). Full comparisons and influence diagnostics 
are reported in Supplementary File S2 (Table S11).

The NDVI-only and joint greenness specifications yielded similar perceived greenery-
outdoor coefficients (β = 0.283 and 0.281) and greenery-outdoor-acuity indirect estimates 
(0.0387 and 0.0416), with both indirect intervals spanning zero (Supplementary File S2). 
Vegetation cover and NDVI had opposite-signed coefficients when entered jointly, but their 
separate models gave the same direction of association for each outcome (Table S10). Other 
sensitivity checks showed a positive pointwise association between summer shade and 
outdoor duration when overall safety replaced the specific safety items (β = 0.174). Facility 
density also showed a positive pointwise association with outdoor duration in the contextual 
model additionally adjusted for near-work duration (β = 0.157). Neither association met 
the analysis-based Holm criterion. Table S14 summarises the evidence for H1–H7 across 
specifications.

The primary equations explained 21.5% of outdoor-score variance, 30.5% of screen-
score variance and 31.3% of acuity variance. The corresponding contextual-model values 
were 24.2%, 33.5% and 32.3%. Residual diagnostics indicate departures from normality 
in the screen-time and acuity equations and from constant variance in the screen-time 
equations. The analysis retained cluster-robust inference, bootstrap intervals and HC3 
checks. Supplementary File S2 summarises the numerical residual and influence diagnostics 
for the primary and contextual models (Table S3). Equivalent OLS and saturated SEM 
calculations agreed to within 6.18 × 10−7 . This comparison checked numerical consistency, 
not global model fit.

5. Discussion
5.1. Key Findings

The findings were clearest for the environment-activity component of the proposed 
framework (Table 7). Perceived greenery was consistently associated with longer reported 
outdoor duration across the main and retained sensitivity specifications. In the 195-child 
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models, these associations met the pointwise and hypothesis-specific Holm criteria for H1. 
The greenery-domain tests met their separate Holm criterion in the contextual model and 
in the 204- and 226-child analyses. In the 194-child sensitivity analysis excluding the single 
child in the highest outdoor-duration category, the greenery-outdoor association met the 
analysis-based Holm criterion for H1 in both models.

Table 7. Summary of evidence for H1–H7 across model specifications.

Hypothesis Core Findings in the 195-Child Models Evidence from Sensitivity and 
Domain Analyses

H1: Perceived 
environment-outdoor 

duration

Perceived greenery met the 
hypothesis-specific Holm criterion in both 

primary and contextual models.

Positive pointwise associations persisted 
across retained linear checks. Both 194-child 

models met the analysis-based Holm 
criterion. Greenery-domain tests met their 
separate criterion in selected specifications. 

Summer shade showed a positive pointwise 
association with outdoor duration when 
overall safety replaced the three specific 

safety items.

H2: Perceived 
environment-screen 

time

Fewer air-pollution sources met the 
hypothesis-specific Holm criterion in both 

models; crossing/pavement continuity 
met it in the primary model.

Selected air-pollution and 
pavement-continuity associations met the 

analysis-based Holm criterion. 
Pollution/disturbance domain tests met their 
separate criterion in selected specifications.

H3: Mapped 
environment-outdoor 

duration

Building density showed a negative 
pointwise association; no mapped 

indicator met either Holm criterion.

Building density remained negative at the 
pointwise level in selected checks. Facility 

density showed a positive pointwise 
association with additional near-work 

adjustment. Neither met the analysis-based 
Holm criterion.

H4: Outdoor 
duration-acuity

Estimates were positive, with confidence 
intervals including zero.

The 194-child analysis showed pointwise 
support, but did not meet the analysis-based 
Holm criterion. Longer outdoor duration was 

also associated with lower odds of 
below-age-reference acuity in this sample.

H5: Screen time-acuity
Estimates were small, with no clear 
evidence for the proposed negative 

association.

Continuous and age-referenced analyses 
provided no clear evidence of a screen-acuity 

association.

H6: 
Environment-outdoor 

duration-acuity

The perceived-greenery indirect estimates 
were positive, with confidence intervals 

including zero.

These estimates remained positive across 
specifications. The 194-child analysis showed 

pointwise support, but did not meet the 
analysis-based Holm criterion.

H7: Perceived 
environment-screen 

time-acuity

No clear indirect association through 
screen time was identified.

No specific screen-mediated indirect 
association met the analysis-based Holm 
criterion across the linear specifications.

Note: Analysis-based Holm results remain the main statistical standard and apply throughout the table 
unless otherwise specified. Hypothesis-specific Holm results group tests separately within H1–H7 
in each 195-child model. Domain tests use a separate family. Sensitivity analyses use overlapping 
samples and are not independent replications.

Several additional environment-activity associations emerged at the pointwise level, 
particularly those linking walking access, crossing and pavement continuity, and fewer 
perceived air-pollution sources to less recreational screen time. In the 195-child models, 
the air-pollution association met the hypothesis-specific Holm criterion for H2 in both 
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models, and the continuity association met it in the primary model. The air-pollution 
association also met the analysis-based Holm criterion for H2 in several 195-child sensitivity 
specifications and both 194-child analyses. The continuity association also met this criterion 
with perceived-density adjustment. These results identify specific environmental attributes 
associated with children’s reported activity patterns. The hypothesis-specific results support 
these environment-activity associations, while analysis-based adjustment remains the main 
statistical standard.

The outdoor-acuity and greenery-outdoor-acuity indirect estimates were positive in 
both 195-child models, with confidence intervals spanning zero. Excluding the influential 
record strengthened these estimates, and their pointwise intervals then excluded zero. 
Longer outdoor duration was also associated with lower odds of below-age-reference acuity 
in that sensitivity analysis. Neither H4 nor H6 met its family-wise criterion in either sample. 
The overall greenery-acuity estimates remained small and positive in the 195-child models, 
with intervals spanning zero. Outdoor activity therefore remains a potential behavioural 
link between perceived community greenery and preschool children’s reported visual acuity. 
The evidence is clearer for the environment-activity association than for its extension to 
visual acuity.

These findings support specific environment-activity associations within the proposed 
framework. Perceived greenery was associated with longer reported outdoor duration, 
while several perceived environmental attributes were associated with less recreational 
screen time. These patterns are broadly consistent with existing evidence on neighbourhood 
environments and preschool children’s activity [5,14]. The positive outdoor-acuity and 
greenery-outdoor-acuity estimates followed the proposed direction, although the com-
plete sequence was not established. The framework considers direct environment-health 
associations alongside the component and indirect associations involving outdoor activity 
and recreational screen time. This allows evidence for each link to be distinguished from 
evidence for a complete pathway through activity. It therefore helps future studies specify 
the behavioural pathways to be tested and the evidence needed to evaluate them.

5.2. Activity as a Behavioural Link Between the Community Environment and Visual Acuity
The greenery-outdoor association directs attention to how families use the environ-

mental opportunities available around them. This association is consistent with previous 
research linking neighbourhood greenness to children’s outdoor activity [4,14,23,35]. Par-
ents’ environmental perceptions are relevant because parents help determine their children’s 
activity opportunities [56]. Examining these perceptions alongside activity within the same 
family preserves this behavioural focus. An international study likewise examined parent-
reported environmental conditions and outdoor play among 1855 preschool children across 
19 countries [6]. In the PLAYCE study, perceptions of access and safety modified asso-
ciations between objectively measured neighbourhood features and preschool children’s 
energetic play [57]. In this context, perceived greenery may reflect not only the amount of 
vegetation but also its visibility, familiarity and perceived usability. These qualities may 
shape whether parents regard nearby spaces as suitable for their children’s daily activities.

This emphasis on everyday use helps explain why mapped conditions and parental 
ratings need to be considered together. Vegetation cover describes conditions across ad-
ministrative units, while parental ratings may reflect families’ experiences of nearby spaces. 
Their limited correspondence may therefore reflect differences in measurement and spa-
tial scale. The perceived pollution and disturbance items showed opposite-signed direct 
estimates. Access, thermal comfort and potential destinations provide further context for 
understanding how environmental resources become part of children’s routines. Outdoor 
experience may also shape parents’ greenery ratings, and shared reporting may contribute 
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to the observed greenery-outdoor association. Evidence from Chinese preschool children 
has similarly linked neighbourhood pavements, cycle paths, aesthetic quality and traffic 
conditions to outdoor play [58]. These perspectives shift attention from the presence of 
resources to the conditions under which families may use them.

Outdoor activity could connect these environmental opportunities with visual health 
through children’s exposure when using local spaces. Research on childhood myopia iden-
tifies outdoor duration and light exposure as relevant to visual development [7]. This 
provides a rationale for examining whether community conditions that support regular 
outdoor activity also relate to visual outcomes. The positive outdoor-acuity and greenery-
outdoor-acuity estimates followed this proposed direction, although their confidence in-
tervals included zero. The behavioural pathway therefore remains exploratory, with the 
clearest observed association linking perceived greenery to outdoor activity. The direct acu-
ity estimate for fewer perceived air-pollution sources was unexpectedly negative. Estimates 
for quietness and less disturbing night light were positive (Supplementary File S2, Table S1). 
This exploratory pattern warrants further examination of whether these associations persist 
across alternative measurements and model specifications.

Recreational screen time showed no clear association with reported visual acuity in this 
study. Inconclusive findings have also appeared in earlier research. A systematic review 
reported mixed evidence on screen time and myopia, with no clear pooled association 
across five studies [38]. A more recent meta-analysis found higher odds of myopia with 
greater screen exposure, although estimates varied substantially between studies [39]. In 
the present sample, screen use was concentrated in the lower duration categories, and the 
outcome was reported as visual acuity rather than myopia. These differences in exposure 
range and visual outcome may partly explain why a clear association was not apparent. 
Within the proposed framework, the screen-related pathway therefore remains unresolved. 
Future research should characterise screen-use habits more precisely, including device type, 
viewing distance and patterns of continuous use, and examine their relationships with 
clinical visual outcomes.

The broader implication is to examine how environmental opportunities become part of 
daily routines. New or improved activity spaces may encourage families to spend more time 
outdoors or change where children play [5,34]. Activity-based modelling could investigate 
these adjustments, drawing on applications to residents’ time allocation during urban 
emergencies [59,60]. Longitudinal applications could help clarify whether changes in 
activity connect neighbourhood improvements with subsequent health outcomes.

5.3. Implications for the Health and Wellbeing Dimension of Urban Resilience
The findings can inform the health and wellbeing priorities of urban resilience plan-

ning by identifying environmental conditions associated with children’s everyday activity. 
Therefore, based on the findings, this study recommends future community assessment 
practices combining mapped measures of greenness, park resources, facility provision, 
street networks and building density with parental perceptions of greenery, safety, access 
and environmental quality. This combined approach distinguishes resource availability 
from families’ assessments of everyday usability.

Participatory methods can help translate families’ assessments into location-specific 
planning priorities. Participatory mapping and neighbourhood walks with children and 
caregivers can identify locations where traffic, access, or comfort affects daily use. Co-
design workshops and temporary full-scale prototypes can then allow families to test and 
refine proposals before permanent implementation. UNICEF places children’s participation 
within child-responsive urban planning [61]. A Copenhagen project likewise showed how 
full-scale co-design prototypes brought children’s perspectives into public-space planning 

https://doi.org/10.3390/buildings16214386

https://doi.org/10.3390/buildings16214386


Buildings 2026, 16, 4386 26 of 30

and engaged local stakeholders [62]. Such approaches may also help planners consider 
how children, adults and animals share public green spaces [63]. These approaches make 
perceived environmental quality a practical input to planning and evaluation.

In this planning context, potential visual-health benefits of community environments 
that support outdoor activity warrant further investigation. The clearest observed pattern 
links perceived greenery with reported outdoor duration, while the extension to reported 
visual acuity remains exploratory. Future longitudinal studies could track environmental 
improvements, outdoor activity, light exposure, and clinical visual outcomes to examine 
longer-term health benefits. Such studies could also monitor environmental access and 
activity before, during, and after a defined disturbance. This would help test whether 
community environments sustain or restore activity opportunities under stress, providing 
evidence on this aspect of urban resilience.

5.4. Limitations
The main temporal limitation concerns the alignment of activity and visual acuity 

measurements. Restricting acuity records to examinations within the preceding 12 months 
narrowed the gap between examination and survey, but did not ensure alignment with 
current activity reports. These data therefore support exploratory analyses of associations 
but cannot establish temporal ordering or causal mediation.

Collecting parents’ environmental perceptions alongside reports of their children’s 
activities aligns with the study’s behavioural focus. However, using the same reporter 
does not rule out common-method and recall bias. Parent-reported uncorrected visual 
acuity cannot diagnose myopia or quantify hyperopic reserve. Further validation of the 
environmental items would strengthen measurement quality. Device-based activity and 
light measurements, together with standardised clinical examinations, would also improve 
the accuracy of exposure and outcome assessment.

Mapped indicators reflect subdistrict or town contexts and may not fully capture 
differences in conditions around children’s homes and at their actual activity locations. OSM 
completeness and tagging quality may vary. Mapped parks and facilities indicate potential 
resource provision but do not establish maintenance status, public accessibility or suitability 
for preschool children. Vegetation indicators likewise describe physical conditions rather 
than site-level usability. The vegetation data also predate the survey and may not capture 
recent vegetation changes.

This exploratory study used a convenience sample that was not designed to represent 
Shanghai’s preschool population proportionately. Online participation and the recent-
examination requirement may have influenced sample composition, while sparse extreme 
activity categories limited inference in supplementary categorical models. Broader sam-
pling would help assess the transferability of the findings and their relevance to citywide 
planning. The study contributes to urban resilience research by providing exploratory evi-
dence on everyday environment-activity-health relationships. Testing whether community 
environments sustain or restore activity opportunities under stress would require repeated 
observations spanning a defined disturbance.

6. Conclusions
This study offers a behavioural perspective on the health relevance of community 

environments. Perceived greenery showed the most consistent association with outdoor 
duration across the primary, contextual, and sensitivity specifications. In the 195-child 
analyses, this association met the hypothesis-specific Holm criterion but not the main 
analysis-based criterion. Outdoor duration showed a positive estimated association with 
reported visual acuity. The corresponding greenery-outdoor-visual acuity indirect estimate 
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was also positive. Both the outdoor-acuity and indirect estimates had confidence intervals 
spanning zero in these analyses. Recreational screen time showed little association with 
visual acuity. These estimates and their uncertainty provide a quantitative basis for refining 
behavioural hypotheses and guiding future longitudinal research.

The study’s broader contribution lies in integrating daily activity into an environment-
health research framework, using preschool visual acuity as an empirical case. Its digital 
environmental representation combines mapped physical conditions with parental assess-
ments of local conditions. This integration allows environmental associations with health 
to be examined alongside the behavioural links that may connect them. The framework can 
guide future investigations of these links across different populations, community settings 
and health outcomes. This approach can inform the health and wellbeing priorities of urban 
resilience planning, with child-friendly communities as an application context.

Supplementary Materials: The following supporting information can be downloaded at: https:
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Author Contributions: Conceptualization, O.L. and Z.L.; methodology, D.L.; software, D.L.; formal 
analysis, D.L.; investigation, Z.L.; resources, O.L., Z.L. and W.Z.; writing—original draft preparation, 
O.L., W.Z. and Z.L.; writing—review and editing, O.L. and Z.L.; visualization, O.L.; supervision, 
Q.-C.W., M.Z. and M.Q.; project administration, C.Z.; funding acquisition, Q.-C.W. All authors have 
read and agreed to the published version of the manuscript.

Funding: This research was funded by City University of Hong Kong PAP Start-Up Grant (Grant 
number: 9382011) and CityU TSG (Grant Number: 6000972).

Data Availability Statement: Core modelling code is publicly available in the study’s GitHub repos-
itory: https://github.com/JoeyURBAN/community-environment-activity-visual-acuity (accessed 
on 29 October 2026). Participant-level survey data are not publicly available because they remain in 
use in ongoing research projects. These data will be available from the corresponding author upon 
reasonable request after publication.

Acknowledgments: The authors used ChatGPT and OpenAI Codex for language refinement and 
assistance with code debugging and checking. The authors reviewed the outputs and take full 
responsibility for the manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Arup. City Resilience Framework 2024 Edition: Preparing for the Next Decade. 2024. Available online: https://www.arup.com/en-

us/insights/city-resilience-framework/ (accessed on 23 September 2026).
2. World Health Organization. Taking a Strategic Approach to Urban Health: A Guide for Decision-Makers; World Health Organiza-

tion: Geneva, Switzerland, 2025. Available online: https://www.who.int/publications/i/item/9789240116177 (accessed on 
23 September 2026).

3. Pearce, M.; Garcia, L.; Abbas, A.; Strain, T.; Schuch, F.B.; Golubic, R.; Kelly, P.; Khan, S.; Utukuri, M.; Laird, Y.; et al. Association 
Between Physical Activity and Risk of Depression: A Systematic Review and Meta-analysis. JAMA Psychiatry 2022, 79, 550–559. 
[CrossRef] [PubMed]

4. Gemmell, E.; Ramsden, R.; Brussoni, M.; Brauer, M. Influence of Neighborhood Built Environments on the Outdoor Free Play of 
Young Children: A Systematic, Mixed-Studies Review and Thematic Synthesis. J. Urban Health 2023, 100, 118–150. [CrossRef] 
[PubMed]

5. Cerin, E.; Barnett, A.; Baranowski, T.; Lee, R.E.; Mellecker, R.R.; Suen, Y.N.; Mendoza, J.A.; Thompson, D.I.; O’Connor, T.M. 
Parent-perceived neighbourhood environment, parenting practices and preschool-aged children physical activity and screen time: 
A cross-sectional study of two culturally and geographically diverse cities. BMC Pediatr. 2022, 22, 309. [CrossRef] [PubMed]

6. Maddren, C.I.; Dhamrait, G.; Ghogho, M.; Jáuregui, A.; Engberg, E.; Veldman, S.L.C.; Widyastari, D.A.; El Hamdouchi, A.; 
Abdeta, C.; Byambaa, A.; et al. Parental Perceptions of Environmental Factors on Preschoolers’ Outdoor Play in 19 Low-Income, 
Middle-Income, and High-Income Countries. J. Phys. Act. Health 2025, 22, 555–565. [CrossRef] [PubMed]

https://doi.org/10.3390/buildings16214386

https://www.mdpi.com/article/10.3390/buildings16214386/s1
https://www.mdpi.com/article/10.3390/buildings16214386/s1
https://github.com/JoeyURBAN/community-environment-activity-visual-acuity
https://www.arup.com/en-us/insights/city-resilience-framework/
https://www.arup.com/en-us/insights/city-resilience-framework/
https://www.who.int/publications/i/item/9789240116177
https://doi.org/10.1001/jamapsychiatry.2022.0609
https://www.ncbi.nlm.nih.gov/pubmed/35416941
https://doi.org/10.1007/s11524-022-00696-6
https://www.ncbi.nlm.nih.gov/pubmed/36534228
https://doi.org/10.1186/s12887-022-03377-0
https://www.ncbi.nlm.nih.gov/pubmed/35624474
https://doi.org/10.1123/jpah.2024-0615
https://www.ncbi.nlm.nih.gov/pubmed/39970928
https://doi.org/10.3390/buildings16214386


Buildings 2026, 16, 4386 28 of 30

7. He, X.; Sankaridurg, P.; Wang, J.; Chen, J.; Naduvilath, T.; He, M.; Zhu, Z.; Li, W.; Morgan, I.G.; Xiong, S.; et al. Time Outdoors in 
Reducing Myopia: A School-Based Cluster Randomized Trial with Objective Monitoring of Outdoor Time and Light Intensity. 
Ophthalmology 2022, 129, 1245–1254. [CrossRef] [PubMed]

8. Liang, J.; Pu, Y.; Chen, J.; Liu, M.; Ouyang, B.; Jin, Z.; Ge, W.; Wu, Z.; Yang, X.; Qin, C.; et al. Global prevalence, trend and 
projection of myopia in children and adolescents from 1990 to 2050: A comprehensive systematic review and meta-analysis. Br. J. 
Ophthalmol. 2025, 109, 362–371. [CrossRef] [PubMed]

9. He, M.; Xiang, F.; Zeng, Y.; Mai, J.; Chen, Q.; Zhang, J.; Smith, W.; Rose, K.; Morgan, I.G. Effect of Time Spent Outdoors at School 
on the Development of Myopia Among Children in China: A Randomized Clinical Trial. JAMA 2015, 314, 1142–1148. [CrossRef] 
[PubMed]

10. Tranter, P. Children’s Play in Their Local Neighborhoods: Rediscovering the Value of Residential Streets. In Play and Recreation, 
Health and Wellbeing; Evans, B., Horton, J., Skelton, T., Eds.; Springer: Singapore, 2016; pp. 211–236. [CrossRef]

11. Shah, R.L.; Huang, Y.; Guggenheim, J.A.; Williams, C. Time Outdoors at Specific Ages During Early Childhood and the Risk of 
Incident Myopia. Investig. Ophthalmol. Vis. Sci. 2017, 58, 1158–1166. [CrossRef] [PubMed]

12. Huang, L.; Schmid, K.L.; Zhang, J.; Yang, G.-Y.; Wu, J.; Yin, X.-N.; He, G.; Ruan, Z.; Jiang, X.-Q.; Wu, C.-A.; et al. Association 
between greater residential greenness and decreased risk of preschool myopia and astigmatism. Environ. Res. 2021, 196, 110976. 
[CrossRef] [PubMed]

13. Wang, J.; Chen, J.; Gong, W.; Yang, Y.; Wang, F.; Yang, J.; Du, L.; Du, Y.; Liu, S.; Zhang, B.; et al. Association between building 
density and screening myopia in children and adolescents: A 5-year longitudinal study from China. Br. J. Ophthalmol. 2026, 110, 
197–203. [CrossRef] [PubMed]

14. Grigsby-Toussaint, D.S.; Chi, S.-H.; Fiese, B.H. Where they live, how they play: Neighborhood greenness and outdoor physical 
activity among preschoolers. Int. J. Health Geogr. 2011, 10, 66. [CrossRef] [PubMed]

15. Bao, W.-W.; Zhao, Y.; Dadvand, P.; Jiang, N.; Chen, G.; Yang, B.; Huang, W.; Xiao, X.; Liang, J.; Chen, Y.; et al. Urban greenspace 
and visual acuity in schoolchildren: A large prospective cohort study in China. Environ. Int. 2024, 184, 108423. [CrossRef] 
[PubMed]

16. Rashidfarokhi, A.; Danivska, V. Managing crises ‘together’: How can the built environment contribute to social resilience? Build. 
Res. Inf. 2023, 51, 747–763. [CrossRef]

17. World Health Organization. Urban Health; World Health Organization: Geneva, Switzerland, 2025. Available online: 
https://www.who.int/news-room/fact-sheets/detail/urban-health (accessed on 23 October 2026).

18. World Health Organization Regional Office for Europe. Protecting Environments and Health by Building Urban Resilience. 
Available online: https://www.who.int/europe/activities/protecting-environments-and-health-by-building-urban-resilience 
(accessed on 24 September 2026).

19. Manafa, G.; Schmitz, T.; Butler, J.; Roth, A.; Savaskan, N.; Walker, B.B.; Lakes, T. How to assess neighborhood resilience in the 
context of public health emergencies? Insights from an indicator assessment in Berlin-Neukölln, Germany. Cities Health 2025, 9, 
55–77. [CrossRef]

20. Liu, X.; Xu, Q.; Feng, Z.; Jian, Y.I.; Wang, Q.C. Understanding Subjective Well-Being in Urban Emergencies: The Role of Time Use 
and Personality Traits. Comput. Urban Sci. 2026, 6, 3. [CrossRef]

21. Carson, V.; Kuhle, S.; Spence, J.C.; Veugelers, P.J. Parents’ perception of neighbourhood environment as a determinant of screen 
time, physical activity and active transport. Can. J. Public Health 2010, 101, 124–127. [CrossRef] [PubMed]

22. Rosenberg, D.; Ding, D.; Sallis, J.F.; Kerr, J.; Norman, G.J.; Durant, N.; Harris, S.K.; Saelens, B.E. Neighborhood Environment 
Walkability Scale for Youth (NEWS-Y): Reliability and relationship with physical activity. Prev. Med. 2009, 49, 213–218. [CrossRef] 
[PubMed]

23. Lambert, A.; Vlaar, J.; Herrington, S.; Brussoni, M. What Is the Relationship between the Neighbourhood Built Environment and 
Time Spent in Outdoor Play? A Systematic Review. Int. J. Environ. Res. Public Health 2019, 16, 3840. [CrossRef] [PubMed]

24. Fjørtoft, I.; Sageie, J. The natural environment as a playground for children: Landscape description and analyses of a natural 
playscape. Landsc. Urban Plan. 2000, 48, 83–97. [CrossRef]

25. Broekhuizen, K.; Scholten, A.-M.; de Vries, S.I. The value of (pre)school playgrounds for children’s physical activity level: A 
systematic review. Int. J. Behav. Nutr. Phys. Act. 2014, 11, 59. [CrossRef] [PubMed]

26. Bliekendaal, S.; Peters, E.; Aldershof, S.; Ekkel, D. Playground Design Matters: A Cross-Sectional Study on the Association 
Between Playground Features and Children’s Usage. Urban Sci. 2025, 9, 177. [CrossRef]

27. Cerin, E.; Saelens, B.E.; Sallis, J.F.; Frank, L.D. Neighborhood Environment Walkability Scale: Validity and development of a short 
form. Med. Sci. Sports Exerc. 2006, 38, 1682–1691. [CrossRef] [PubMed]

28. Timperio, A.; Crawford, D.; Telford, A.; Salmon, J. Perceptions about the local neighborhood and walking and cycling among 
children. Prev. Med. 2004, 38, 39–47. [CrossRef] [PubMed]

29. Carver, A.; Timperio, A.; Crawford, D. Playing it safe: The influence of neighbourhood safety on children’s physical activity—A 
review. Health Place 2008, 14, 217–227. [CrossRef] [PubMed]

https://doi.org/10.3390/buildings16214386

https://doi.org/10.1016/j.ophtha.2022.06.024
https://www.ncbi.nlm.nih.gov/pubmed/35779695
https://doi.org/10.1136/bjo-2024-325427
https://www.ncbi.nlm.nih.gov/pubmed/39317432
https://doi.org/10.1001/jama.2015.10803
https://www.ncbi.nlm.nih.gov/pubmed/26372583
https://doi.org/10.1007/978-981-4585-51-4_37
https://doi.org/10.1167/iovs.16-20894
https://www.ncbi.nlm.nih.gov/pubmed/28245296
https://doi.org/10.1016/j.envres.2021.110976
https://www.ncbi.nlm.nih.gov/pubmed/33684414
https://doi.org/10.1136/bjo-2025-327439
https://www.ncbi.nlm.nih.gov/pubmed/40854738
https://doi.org/10.1186/1476-072X-10-66
https://www.ncbi.nlm.nih.gov/pubmed/22165919
https://doi.org/10.1016/j.envint.2024.108423
https://www.ncbi.nlm.nih.gov/pubmed/38241831
https://doi.org/10.1080/09613218.2023.2191922
https://www.who.int/news-room/fact-sheets/detail/urban-health
https://www.who.int/europe/activities/protecting-environments-and-health-by-building-urban-resilience
https://doi.org/10.1080/23748834.2024.2440980
https://doi.org/10.1007/s43762-026-00236-x
https://doi.org/10.1007/BF03404356
https://www.ncbi.nlm.nih.gov/pubmed/20524376
https://doi.org/10.1016/j.ypmed.2009.07.011
https://www.ncbi.nlm.nih.gov/pubmed/19632263
https://doi.org/10.3390/ijerph16203840
https://www.ncbi.nlm.nih.gov/pubmed/31614536
https://doi.org/10.1016/S0169-2046(00)00045-1
https://doi.org/10.1186/1479-5868-11-59
https://www.ncbi.nlm.nih.gov/pubmed/24885611
https://doi.org/10.3390/urbansci9050177
https://doi.org/10.1249/01.mss.0000227639.83607.4d
https://www.ncbi.nlm.nih.gov/pubmed/16960531
https://doi.org/10.1016/j.ypmed.2003.09.026
https://www.ncbi.nlm.nih.gov/pubmed/14672640
https://doi.org/10.1016/j.healthplace.2007.06.004
https://www.ncbi.nlm.nih.gov/pubmed/17662638
https://doi.org/10.3390/buildings16214386


Buildings 2026, 16, 4386 29 of 30

30. Qi, J.; Wang, J.; Zhai, W.; Wang, J.; Jin, Z. Are there differences in thermal comfort perception of children in comparison to their 
caregivers’ judgments? A study on the playgrounds of parks in China’s hot summer and cold winter region. Sustainability 2022, 
14, 10926. [CrossRef]

31. Corcoran, B.; Bhatti, P.; Peters, C.E.; Feldman, F.; Darvishian, M. Impact of playground shade structures on ultraviolet radiation 
exposure and physical activity among children at a childcare facility. Int. J. Environ. Res. Public Health 2023, 20, 6306. [CrossRef] 
[PubMed]

32. Dau, L.; Barros, P.; Cilliers, E.J.; Hemsley, B.; Martin, M.; Lakhanpaul, M.; Smith, M. Urban density and child health and wellbeing: 
A scoping review of the literature. Health Place 2025, 91, 103393. [CrossRef] [PubMed]

33. Marino, A.J.; Fletcher, E.N.; Whitaker, R.C.; Anderson, S.E. Amount and environmental predictors of outdoor playtime at home 
and school: A cross-sectional analysis of a national sample of preschool-aged children attending Head Start. Health Place 2012, 18, 
1224–1230. [CrossRef] [PubMed]

34. Ng, M.; Rosenberg, M.; Thornton, A.; Lester, L.; Trost, S.G.; Bai, P.; Christian, H. The Effect of Upgrades to Childcare Outdoor 
Spaces on Preschoolers’ Physical Activity: Findings from a Natural Experiment. Int. J. Environ. Res. Public Health 2020, 17, 468. 
[CrossRef] [PubMed]

35. Robinson, T.; Dhamrait, G.; Murray, K.; Boruff, B.; Duncan, J.; Schipperijn, J.; Christian, H. Association between preschooler 
outdoor play and home yard vegetation as measured by high resolution imagery: Findings from the PLAYCE study. Health Place 
2024, 85, 103178. [CrossRef] [PubMed]

36. Kido, A.; Miyake, M.; Watanabe, N. Interventions to increase time spent outdoors for preventing incidence and progression of 
myopia in children. Cochrane Database Syst. Rev. 2024, 6, CD013549. [CrossRef] [PubMed]

37. Ashby, R.; Harb, E.N.; Ostrin, L.A.; Flitcroft, D.I.; Schaeffel, F.; Karouta, C.; Gawne, T.; Chakraborty, R.; Thomson, K.; Read, S.; et al. 
IMI: The Role of Light in Refractive Development and Myopia: Evidence from Animal and Human Studies. Investig. Ophthalmol. 
Vis. Sci. 2025, 66, 5. [CrossRef] [PubMed]

38. Lança, C.; Saw, S.-M. The association between digital screen time and myopia: A systematic review. Ophthalmic Physiol. Opt. 2020, 
40, 216–229. [CrossRef] [PubMed]

39. Ha, A.; Lee, Y.J.; Lee, M.; Shim, S.R.; Kim, Y.K. Digital Screen Time and Myopia: A Systematic Review and Dose-Response 
Meta-Analysis. JAMA Netw. Open 2025, 8, e2460026. [CrossRef] [PubMed]

40. Ramamurthy, D.; Chua, S.Y.L.; Saw, S.-M. A review of environmental risk factors for myopia during early life, childhood and 
adolescence. Clin. Exp. Optom. 2015, 98, 497–506. [CrossRef] [PubMed]

41. National Health Commission of the People’s Republic of China. Specification for Eye Care and Visual Examination Services for Children 
Aged 0–6 Years (Trial); National Health Commission of the People’s Republic of China: Beijing, China, 2021. Available online: 
https://www.gov.cn/zhengce/zhengceku/2021-06/24/content_5620637.htm (accessed on 23 October 2026). (In Chinese)

42. Fan, T.; Shi, H.-Q.; Wang, J.; Hu, X.-Y.; Wang, H.-B.; Chen, J.-J. Study on the status of refractive development and its influence 
factors among preschool children in urban area of Shanghai city. Chin. J. Child Health Care 2017, 25, 809–811. (In Chinese) 
[CrossRef]

43. Xu, L.; Xue, L.L. Analysis of visual status and influencing factors of 12,972 preschool children in Minhang District, Shanghai. 
Chin. Prim. Health Care 2021, 35, 74–76. (In Chinese)

44. Christian, H.; Zubrick, S.R.; Foster, S.; Giles-Corti, B.; Bull, F.; Wood, L.; Knuiman, M.; Brinkman, S.; Houghton, S.; Boruff, B. 
The influence of the neighborhood physical environment on early child health and development: A review and call for research. 
Health Place 2015, 33, 25–36. [CrossRef] [PubMed]

45. Wojciechowski, R. Nature and nurture: The complex genetics of myopia and refractive error. Clin. Genet. 2011, 79, 301–320. 
[CrossRef] [PubMed]

46. Lee, E.-Y.; Hesketh, K.D.; Rhodes, R.E.; Rinaldi, C.M.; Spence, J.C.; Carson, V. Role of parental and environmental characteristics 
in toddlers’ physical activity and screen time: Bayesian analysis of structural equation models. Int. J. Behav. Nutr. Phys. Act. 2018, 
15, 17. [CrossRef] [PubMed]

47. Lu, C.; Miao, Y.; Yao, X.; Wang, Z.; Wei, R.; Du, B.; Liu, Y.; He, J.; Sun, H.; Liu, Y.; et al. Socioeconomic disparities and green space 
associated with myopia among Chinese school-aged students: A population-based cohort study. J. Glob. Health 2024, 14, 04140. 
[CrossRef] [PubMed]

48. OpenStreetMap Contributors. OpenStreetMap Historical Data and Copyright. Snapshot 11 March 2026. Available online: 
https://www.openstreetmap.org/copyright (accessed on 11 September 2026).

49. Zanaga, D.; Van De Kerchove, R.; Daems, D.; De Keersmaecker, W.; Brockmann, C.; Kirches, G.; Wevers, J.; Cartus, O.; Santoro, 
M.; Fritz, S.; et al. ESA WorldCover 10 m 2021 v200; Zenodo: Geneva, Switzerland, 2022. [CrossRef]

50. European Space Agency. Sentinel-2 Products. Available online: https://sentiwiki.copernicus.eu/web/s2-products (accessed on 
23 October 2026).

https://doi.org/10.3390/buildings16214386

https://doi.org/10.3390/su141710926
https://doi.org/10.3390/ijerph20136306
https://www.ncbi.nlm.nih.gov/pubmed/37444153
https://doi.org/10.1016/j.healthplace.2024.103393
https://www.ncbi.nlm.nih.gov/pubmed/39644758
https://doi.org/10.1016/j.healthplace.2012.08.004
https://www.ncbi.nlm.nih.gov/pubmed/23000895
https://doi.org/10.3390/ijerph17020468
https://www.ncbi.nlm.nih.gov/pubmed/31936783
https://doi.org/10.1016/j.healthplace.2024.103178
https://www.ncbi.nlm.nih.gov/pubmed/38262260
https://doi.org/10.1002/14651858.CD013549.pub2
https://www.ncbi.nlm.nih.gov/pubmed/38864362
https://doi.org/10.1167/iovs.66.15.5
https://www.ncbi.nlm.nih.gov/pubmed/41328994
https://doi.org/10.1111/opo.12657
https://www.ncbi.nlm.nih.gov/pubmed/31943280
https://doi.org/10.1001/jamanetworkopen.2024.60026
https://www.ncbi.nlm.nih.gov/pubmed/39982728
https://doi.org/10.1111/cxo.12346
https://www.ncbi.nlm.nih.gov/pubmed/26497977
https://www.gov.cn/zhengce/zhengceku/2021-06/24/content_5620637.htm
https://doi.org/10.11852/zgetbjzz2017-25-08-16
https://doi.org/10.1016/j.healthplace.2015.01.005
https://www.ncbi.nlm.nih.gov/pubmed/25744220
https://doi.org/10.1111/j.1399-0004.2010.01592.x
https://www.ncbi.nlm.nih.gov/pubmed/21155761
https://doi.org/10.1186/s12966-018-0649-5
https://www.ncbi.nlm.nih.gov/pubmed/29426324
https://doi.org/10.7189/jogh.14.04140
https://www.ncbi.nlm.nih.gov/pubmed/38898796
https://www.openstreetmap.org/copyright
https://doi.org/10.5281/zenodo.7254221
https://sentiwiki.copernicus.eu/web/s2-products
https://doi.org/10.3390/buildings16214386


Buildings 2026, 16, 4386 30 of 30

51. GB/T 11533-2011; Standard for Logarithmic Visual Acuity Charts. Ministry of Health of the People’s Republic of China: 
Beijing, China; Standardization Administration of China: Beijing, China, 2011. Available online: https://www.gz-
zoc.org.cn/sites/zoc.live1.sysucloud2.sysu.edu.cn/files/2025-10/biaozhunduishushilibiao-2011.pdf (accessed on 28 October 
2026). (In Chinese)

52. Lee, H.; Cashin, A.G.; Lamb, S.E.; Hopewell, S.; Vansteelandt, S.; VanderWeele, T.J.; MacKinnon, D.P.; Mansell, G.; Collins, G.S.; 
Golub, R.M.; et al. A Guideline for Reporting Mediation Analyses of Randomized Trials and Observational Studies: The AGReMA 
Statement. JAMA 2021, 326, 1045–1056. [CrossRef] [PubMed]

53. Maxwell, S.E.; Cole, D.A. Bias in cross-sectional analyses of longitudinal mediation. Psychol. Methods 2007, 12, 23–44. [CrossRef] 
[PubMed]

54. Shanghai Municipal Health Commission. Shanghai Management Programme and Technical Specifications for Eye Care and Visual 
Health in Children Aged 0–6 Years; Hu Wei Fu You [2019] No. 12; Shanghai Municipal Health Commission: Shanghai, China, 2019. 
(In Chinese)

55. Firth, D. Bias reduction of maximum likelihood estimates. Biometrika 1993, 80, 27–38. [CrossRef]
56. Xing, R.; Rachele, J.N.; Matolic, T.; Loh, V.; Cerin, E.; Jiao, J.; Huang, W.Y.; Pedisic, Z. Associations between parental perceptions 

of neighbourhood environment and physical activity in children and adolescents: A systematic review including 149 studies. Int. 
J. Behav. Nutr. Phys. Act. 2025, 22, 70. [CrossRef] [PubMed]

57. Nathan, A.; Schipperijn, J.; Robinson, T.; George, P.; Boruff, B.; Trost, S.G.; Christian, H. The moderating role of parent perceptions 
in relationships between objectively measured neighbourhood environment attributes and pre-schooler’s physical activity: 
Findings from the PLAYCE study. Health Place 2023, 81, 103030. [CrossRef] [PubMed]

58. Wang, Q.; Ma, J.; Maehashi, A.; Kim, H. The Associations between Outdoor Playtime, Screen-Viewing Time, and Environmental 
Factors in Chinese Young Children: The ‘Eat, Be Active and Sleep Well’ Study. Int. J. Environ. Res. Public Health 2020, 17, 4867. 
[CrossRef] [PubMed]

59. Wang, Q.C.; He, P.; Li, Y.; Hou, Y.; Jian, Y.I.; Liu, X. Towards a human-centric city emergency response: Modelling activity patterns 
of urban population. Dev. Built Environ. 2025, 21, 100633. [CrossRef]

60. Wang, Q.C.; Wan, L. Activity-based models for smart and sustainable urban environment. In Routledge Handbook of Smart Built 
Environment; Routledge: London, UK, 2025; pp. 220–242.

61. United Nations Children’s Fund (UNICEF). Shaping Urbanization for Children: A Handbook on Child-Responsive Urban Planning; 
UNICEF: New York, NY, USA, 2018; ISBN 978-92-806-4960-4. Available online: https://www.unicef.org/reports/shaping-
urbanization-children (accessed on 11 September 2026).

62. Winge, L.; Lamm, B. Making the red dot on the map—Bringing children’s perspectives to the city planning agenda through 
visible co-design actions in public spaces. Cities Health 2019, 3, 99–110. [CrossRef]

63. Lu, Y.; Wu, B.; Hu, Y.E.; Jian, Y.I.; Wang, Q.; Liu, Y.; Feng, Z. Willingness to Share Urban Parks with Dogs: Perceived Conflict and 
Behavioural Cognitions in Shanghai. Urban Sci. 2026, 10, 521. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury 
to people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/buildings16214386

https://www.gzzoc.org.cn/sites/zoc.live1.sysucloud2.sysu.edu.cn/files/2025-10/biaozhunduishushilibiao-2011.pdf
https://www.gzzoc.org.cn/sites/zoc.live1.sysucloud2.sysu.edu.cn/files/2025-10/biaozhunduishushilibiao-2011.pdf
https://doi.org/10.1001/jama.2021.14075
https://www.ncbi.nlm.nih.gov/pubmed/34546296
https://doi.org/10.1037/1082-989X.12.1.23
https://www.ncbi.nlm.nih.gov/pubmed/17402810
https://doi.org/10.1093/biomet/80.1.27
https://doi.org/10.1186/s12966-025-01733-8
https://www.ncbi.nlm.nih.gov/pubmed/40481465
https://doi.org/10.1016/j.healthplace.2023.103030
https://www.ncbi.nlm.nih.gov/pubmed/37116253
https://doi.org/10.3390/ijerph17134867
https://www.ncbi.nlm.nih.gov/pubmed/32640658
https://doi.org/10.1016/j.dibe.2025.100633
https://www.unicef.org/reports/shaping-urbanization-children
https://www.unicef.org/reports/shaping-urbanization-children
https://doi.org/10.1080/23748834.2019.1604931
https://doi.org/10.3390/urbansci10090521
https://doi.org/10.3390/buildings16214386

	Introduction 
	Literature Review and Hypothesis Development 
	Health and Wellbeing in Urban Resilience 
	Perceived Built Environment and Children’s Behaviours 
	Physical Built Environment and Outdoor Activity 
	Behavioural Pathways to Preschool Visual Health 
	Individual and Family Factors 
	Hypothesis Development and Analytical Framework 

	Materials and Methods 
	Study Design and Participant Profile 
	Structured Digital Representation of the Community Environment 
	Parent-Reported Environmental Indicators 
	Mapped Environmental Indicators 

	Activity, Visual Acuity and Covariates 
	Activity Scores and Visual Acuity 
	Covariates 

	Statistical Analysis 
	Sensitivity and Additional Analyses 
	Sensitivity Analyses 
	Cross-Measure and Age-Referenced Supplementary Analyses 


	Results 
	Sample and Baseline Measurement Characteristics 
	Environmental Associations with Daily Activity (H1–H3) 
	Activity Associations with Reported Visual Acuity (H4–H5) 
	Environment-Activity-Visual Acuity Associations (H6–H7) 
	Sensitivity and Supplementary Analyses 

	Discussion 
	Key Findings 
	Activity as a Behavioural Link Between the Community Environment and Visual Acuity 
	Implications for the Health and Wellbeing Dimension of Urban Resilience 
	Limitations 

	Conclusions 
	References



