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Abstract

The complete community paradigm, emphasising walkable, self-sufficient neighbour-
hoods, has gained significant global traction, yet the role of sports and physical activity
spaces within such frameworks remains undertheorised, particularly in dense Chinese ur-
ban environments. This paper introduces the Chrono-Adaptive Sports Space Index (CASI),
a preliminary evaluative framework whose diagnostic utility is demonstrated through
three contrasting case studies. CASI integrates temporal usage dynamics, demographic
composition, smart-city sensor data, and multi-generational programming flexibility to
assess sports environments within China’s 15-Minute Complete Community (57¢##:[X,
Wanzhéng Sheqti) policy framework. Unlike existing frameworks that assess sports spaces
through static metrics, CASI proposes that sports environments must be evaluated across
four temporal dimensions: diurnal rhythms, weekly cycles, seasonal transitions, and de-
mographic lifecycle shifts. The four sub-indices are weighted equally (25 points each) as
a deliberate first-generation design choice reflecting the absence of pre-existing empirical
benchmarks; this assumption requires empirical validation in future research. Through
exploratory multi-case analysis of communities in Shanghai (Jing’an District), Chengdu
(Tianfu New Area), and Beijing (Chaoyang District), this study provides preliminary ev-
idence suggesting that temporally inert sports spaces may be associated with utilisation
losses of 38-52% during off-peak periods and the systematic exclusion of elderly and child
populations; these figures should be treated as indicative estimates pending broader empir-
ical validation. A Chrono-Adaptive Design Protocol (CADP) is proposed as a conceptual,
practice-informed protocol awaiting prospective empirical evaluation. This research is bet-

ter characterised as a framework development and initial exploratory application study
W) Check for updates

rather than a validation of a mature instrument. Its primary contribution is a new theoreti-
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1. Introduction

Urbanisation in the twenty-first century has generated profound questions about the
quality of life available to city residents, particularly those living in high-density residen-
tial environments. Among the many dimensions of urban quality of life, access to sports
and physical activity infrastructure has emerged as a critical public health and social eq-
uity concern [1,2]. The concept of the complete community —a planning paradigm that
seeks to embed the full range of daily necessities, including work, commerce, education,
health, culture, and recreation, within walkable proximity —offers a compelling structural
response to these concerns [3-5]. In China, complete community planning has been for-
malised through the 2021 Ministry of Housing and Urban-Rural Development (MOHURD)
guidelines for the “5E¥ )51 4L X" (Complete Residential Community), which mandate
sports and recreation facilities within a 15 min walking catchment of all residents [6].

This policy marks a significant shift from the quantity-driven sports infrastructure ex-
pansion of earlier decades toward a quality-, equity-, and proximity-focused approach [7].
Nevertheless, implementation challenges persist, particularly concerning the dynamic util-
isation of sports spaces across different times of day, seasons, and demographic cohorts.
The existing literature on sports facilities in complete communities has concentrated pre-
dominantly on spatial allocation (area per capita), physical accessibility (proximity and
connectivity), and equipment standards [8-11]. These metrics, while necessary, are fun-
damentally static: they capture a snapshot of capacity but fail to account for the temporal
dimension of use. A badminton court that is intensively used by retirees at 7:00 AM and by
young adults at 9:00 PM may satisfy static metrics while remaining severely underutilised
during the hours most valued by working-age parents with children, thereby producing
systematic inequities in access [12].

This paper addresses this gap by introducing the Chrono-Adaptive Sports Space In-
dex (CASI)—a preliminary evaluative and design framework that foregrounds temporal
dynamics in the assessment and planning of sports environments within complete commu-
nities. The emphasis on temporality connects CASI to broader urban form and design the-
ory. The 15 min city concept, as advanced by Moreno et al. [5] and implemented in Paris,
Melbourne, and Portland, has largely concentrated on spatial proximity. Less attention
has been paid to the temporal dimension of completeness: whether spaces are usable by
all residents at the times those residents actually need them. This connects CASI to urban
morphology scholarship on compact city forms, mixed-use density, and street-network
configuration [13,14]. Beyond spatial proximity, CASI proposes that fully equitable access
requires temporal responsiveness: matching space configuration and programming to the
structured daily, weekly, and seasonal rhythms of diverse user populations.

CASI draws on concepts from temporal urbanism [15,16], chrono-urbanism and tem-
poral design theory [17], smart city data infrastructure [18], and intergenerational equity
planning [19] to construct a multi-dimensional index capable of diagnosing temporal util-
isation failures and proposing design interventions. The framework is assessed through
empirical analysis of three Chinese urban communities in Shanghai, Chengdu, and Bei-
jing, selected to represent variation in climate, density, demographic composition, and
smart-city infrastructure maturity. The paper is organised as follows: Section 2 reviews
the relevant literature; Section 3 presents the theoretical framework; Section 4 describes
the methodology; Section 5 introduces the CASI architecture; Section 6 presents case study
findings; Section 7 describes the Chrono-Adaptive Design Protocol (CADP); Section 8 dis-
cusses the findings, limitations, and implications; Section 9 concludes.
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2. Literature Review
2.1. The Complete Community Paradigm and Urban Form

The complete community concept has roots in multiple planning traditions, includ-
ing new urbanism [13], the compact city movement [14], and more recently the 15 min city
concept popularised by Carlos Moreno and adopted in policy frameworks in Paris, Mel-
bourne, and Portland [5,20]. At its core, the paradigm posits that urban residents should
be able to meet their essential daily needs within a 15 min walk or bicycle ride from their
homes [5]. Urban form theory is central to this aspiration: the density, connectivity, and
mixed-use character of the built environment collectively determine whether 15 min prox-
imity is achievable [21,22]. For sports spaces specifically, the quality of pedestrian connec-
tivity, the microclimate of routes, and the legibility of paths to facilities are as important
as Euclidean distance in determining effective access.

In China, the complete community framework has been shaped by distinct institu-
tional and demographic contexts. The 2021 MOHURD guidelines represent the most com-
prehensive national policy articulation to date, establishing minimum standards for six
categories of facilities, including sports and fitness facilities [6]. Specifically, the guide-
lines mandate at least 0.1 square metres of outdoor sports space per resident and the
provision of indoor sports facilities within a 10 min walking distance. The transition
from work-unit (danwei) community planning to market-oriented development has dis-
rupted collective recreation models without consistently replacing them with equivalent
alternatives [23-25]. Scholars have critically noted that China’s complete community pol-
icy implementation has varied significantly across cities, with considerable gaps between
policy intent and realised outcomes [7].

2.2. Sports Space Planning in Urban Communities

Sports space planning literature has evolved from a primarily quantitative, supply-
side focus toward more nuanced frameworks incorporating demand analysis, behavioural
observation, and equity considerations [26,27]. The physical activity environment litera-
ture, rooted in ecological models of health behaviour, emphasises the built environment’s
mediating role in shaping physical activity levels [1,28]. International research has begun
to address temporal dynamics in sports space utilisation. Pawlowski et al. [29] analysed at-
tendance patterns at public sports facilities in Germany, finding that peak hours accounted
for 73% of use on facilities designed for universal access. Stevenson et al. [30] found that
park-based exercise equipment in Australian communities was predominantly used by el-
derly women in morning hours and male adolescents in evening hours, with near-zero
midday use despite optimal weather conditions. These patterns point toward the need for
temporal programming and adaptive design (Figure 1).

2.3. Existing Sports Space Assessment Instruments

Before establishing CASI’s contribution, it is necessary to situate it within the land-
scape of existing sports and physical activity space assessment tools. Table 1 provides a sys-
tematic comparison across six instruments, illustrating the specific gap that CASI addresses.
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Figure 1. Chinese urban demographic shift (2000-2035) and complete community policy timeline.

Source: Authors’ own work.

Table 1. Systematic comparison of sports space assessment instruments.

Instrument Temporal Coverage Demographic Scope Spatial Analysis Isrllltleagrtra?ii)ti Prefc(i‘lii;t);ve?
CASI Full (diurnal, weekly, seasonal, All cohorts + lifecycle Network-distance Yes (core Y
(present study) lifecycle) projection GIS component) es (CADP)
SOPARC [31] Snapshot observation only Age, gender, race Zone-based No No
EAPRS [32] None (static audit) Accessibility features Limited No Limited
PARA [33] None (static inventory) None Proximity only No No
GPAQ/WHO [34] Self-reported recall Individual level None No No
Mgolfé{ﬁ?S]GB None (quota-based) Aggregate per capita Distar(;;el;adius No Yes (standards)

CASI: Chrono-Adaptive Sports Space Index; SOPARC: System for Observing Play and Recreation in Commu-
nities; EAPRS: Environmental Assessment of Public Recreation Spaces; PARA: Physical Activity Resource As-
sessment; GPAQ: Global Physical Activity Questionnaire; CADP: Chrono-Adaptive Design Protocol; GIS: Geo-
graphic Information System.
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As Table 1 illustrates, no existing instrument combines full temporal coverage, de-
mographic lifecycle projection, smart data integration, and policy-prescriptive output.
SOPARC [31] offers the closest methodological precedent, employing systematic direct
observation with demographic coding; however, it captures only snapshot utilisation pat-
terns without temporal adaptability indicators or design prescriptions. CASI therefore
addresses a genuine gap in the assessment toolkit: the integration of temporal dynamics,
demographic equity, and design prescription in a single evaluative framework.

2.4. Temporal Urbanism, Chrono-Urbanism, and the Time Geography of Sports

Temporal urbanism, as articulated by Schwanen [16] and others, addresses the tem-
poral organisation of urban life—the rhythms, schedules, and time-space patterns through
which people inhabit and use urban space. Time geography, originating with Héger-
strand [36], provides methodological tools for understanding how individuals navigate
time-space constraints to engage in activities, including sports and recreation. Applied to
sports spaces, a time-geographic lens reveals how space-time prisms determine de facto
access to facilities beyond mere spatial proximity [37,38].

Significant advances in chrono-urbanism over the past decade have expanded both
the theoretical and methodological resources available for temporal sports space planning.
Mulicek et al. [15] developed the concept of urban timescapes, demonstrating that tempo-
ral segregation can be as significant as spatial segregation in producing inequitable out-
comes. Neuhaus [17] advanced the concept of temporal design: the intentional shaping of
spatial conditions to respond to and support the temporal rhythms of different user groups.
European chrono-policy practice, most notably Barcelona’s superblocks programme, has
demonstrated how temporal management of public space can substantially improve equi-
table access without capital investment in new facilities [39]. CASI’s integration of smart
city data into its scoring system draws directly on these methodological advances.

2.5. East Asian and International Comparative Perspectives

East Asian cities offer directly comparable precedents given their shared characteris-
tics of high density, ageing demographics, and collective approaches to community sports
provision. Seoul’s ‘Living SOC’ (Social Overhead Capital) policy, launched in 2018, ex-
plicitly aims to provide community sports facilities within a 10 min walk of all residents,
with particular attention to the temporal programming of shared spaces to serve diverse
age groups across the day [40]. Tokyo’s neighbourhood sports facility planning standards
integrate universal design requirements and seasonal programming expectations [41]. Sin-
gapore’s ActiveSG community sports programme has demonstrated that active manage-
ment and temporal programming of existing community sports spaces can achieve utili-
sation improvements comparable to capital investment in new facilities [42]. These East
Asian precedents share important features with the CASI framework’s prescriptions: tem-
poral programming, demographic responsiveness, active community management, and
integration of digital monitoring.

2.6. Smart City Data and Community Sport

China’s rapid development of smart city infrastructure—including ubiquitous mo-
bile internet, QR-code-based facility booking systems, Al-enabled security cameras, and
integrated community management platforms—has created unprecedented opportunities
for real-time monitoring of sports space utilisation [43,44]. IoT sensor applications in
sports venue management have demonstrated that real-time occupancy data can reduce
peak-hour overcrowding by 20-30% through dynamic allocation and user guidance [45].
However, these systems have overwhelmingly been deployed in a monitoring rather than
design-generative capacity in China: data is collected but has not been systematically used
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to inform adaptive programming or facility redesign [46]. CASI's integration of smart city
data is designed to be proportionate and privacy-respecting: the framework can function
at a reduced level of precision with passive environmental sensors and booking system
data that do not require individual tracking.

3. Theoretical Framework
3.1. Foundations of the Chrono-Adaptive Sports Space Concept

The theoretical framework of this paper integrates three intellectual traditions: (1) the
complete community paradigm’s emphasis on proximity-based, equitable access to daily
necessities; (2) temporal urbanism’s attention to the rhythmic, time-structured nature of ur-
ban life; and (3) adaptive systems theory’s conceptualisation of environments that respond
dynamically to changing conditions [47,48]. From these traditions, we derive the concept
of the chrono-adaptive sports space: a physical environment intentionally designed to shift
its functional configuration, programming, atmosphere, and management in response to
predictable temporal patterns of demand.

The chrono-adaptive sports space concept rests on three foundational propositions.
First, the temporal distribution of sports space demand is highly structured and largely
predictable, reflecting stable rhythms of daily life, cultural practice, and demographic be-
haviour. Second, conventional static design approaches systematically misalign with this
structured demand, producing chronic underutilisation and inequitable access patterns.
Third, intelligently designed flexibility, supported by smart technology and evidence-
based programming protocols, can align supply with demand across temporal dimensions
without compromising any user cohort’s access. It is important to situate CASI as a pre-
liminary, formative framework rather than a fully validated instrument: three case studies
can demonstrate the framework’s diagnostic utility and reveal important patterns, but they
cannot validate scoring thresholds or confirm weighting choices.

3.2. Four Temporal Dimensions of Sports Space Demand

CASI conceptualises sports space demand as varying across four analytically dis-
tinct temporal dimensions, each requiring different design and management responses
(Figure 2). The diurnal dimension captures within-day variation in user populations and
activity types. In Chinese urban communities, this dimension typically reveals a trimodal
pattern: an early morning peak (5:30-8:00 AM) dominated by elderly residents; a post-
school/post-work peak (5:30-8:30 PM) dominated by working adults and adolescents; and
a compressed midday trough used primarily by stay-at-home caregivers with young chil-
dren [49,50]. The weekly dimension captures variation between weekdays and weekends,
where Chinese urban sports spaces typically exhibit 40-60% higher utilisation on week-
ends. The seasonal dimension is particularly salient in China’s diverse climate zones,
where northern cities face harsh winters and southern cities face extreme summer heat.
The demographic lifecycle dimension is the most strategically significant for China’s age-
ing urban communities: a space designed for the current demographic will become increas-
ingly misaligned as the community ages, producing the spatial mismatch documented in
older danwei communities [23].
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Diagram illustrating the integrated components and data-driven feedback loops of the Chrono-Adepative Sports Space Index.

Figure 2. CASI framework: Four temporal dimensions of sports space performance—theoretical
architecture. Source: Authors’ own work.

3.3. The Equity Dimension of Temporal Adaptability

Physical activity inequality in urban communities has been extensively documented
along lines of age, gender, and socioeconomic status [27,28]. The temporal dimension in-
troduces a further axis of inequality: temporal exclusion, defined as the systematic inabil-
ity of certain user groups to access sports spaces during the hours most compatible with
their daily time-space constraints. It is important to acknowledge, however, that tempo-
ral exclusion is only one dimension of a broader equity landscape. Spatial accessibility,
economic affordability, information access, disability accommodation, and the cultural
relevance of available activities are all significant equity dimensions that CASI's Equity
Integration Score (EIS) does not directly capture. CASI’s equity component should there-
fore be understood as a temporal equity measure, not a comprehensive social equity index.
Future CASl iterations should explicitly track migrant-worker utilisation patterns and pro-
gramming responsiveness.
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4. Methodology
4.1. Research Design

This research employs a multi-method, comparative case study design [51] to (1) de-
velop and operationalise the CASI framework through inductive engagement with em-
pirical data; and (2) provide an initial exploratory assessment of CASI’s diagnostic value
through application to three Chinese complete community cases. The case study approach
is appropriate for this stage of theoretical development, where the goal is framework
elaboration and initial assessment rather than statistical generalisation [52]. Following
Seawright and Gerring’s [53] typology of case selection strategies, the three cases were
selected as a ‘diverse’ set designed to maximise variation across theoretically relevant
dimensions: climate zone, demographic composition, smart-city infrastructure maturity,
and community lifecycle stage. It is important to distinguish between the dimensions that
were intentionally varied for theoretical purposes and those that represent uncontrolled
sources of variation. The intentionally varied dimensions include climate zone, demo-
graphic profile, and community lifecycle stage. The uncontrolled confounders include
capital investment levels, governance capacity, planning quality, and redevelopment sta-
tus. These confounders are not independent of the theoretical dimensions: a newly built
Chengdu community will tend to have higher investment and stronger governance ca-
pacity than an ageing Shanghai inner-city community almost by definition, given China’s
urban development trajectory. This structural co-variation limits the study’s ability to sup-
port causal attribution. An alternative and arguably more rigorous design for a future
study would be to select a larger number of communities within a single metropolitan con-
text, thereby reducing city-level confounding effects and improving internal validity. The
current three-city design was chosen to demonstrate the framework’s applicability across
China’s diverse climate zones and community typologies, prioritising breadth of initial as-
sessment over causal rigour, which is acknowledged as a limitation. A key methodological
limitation is the absence of control cases: it is therefore not possible to determine whether
the temporal utilisation patterns identified by CASI are distinctive to complete communi-
ties or prevalent across Chinese urban communities more generally. Ethical approval for
the research was obtained through the authors’ institution. All interview participants pro-
vided informed consent. Smart city data were obtained under formal data-sharing agree-
ments with district-level sports bureaux and community management committees.

4.2. Case Selection

The three selected communities are: (1) Caojiadu Community, Jing’an District, Shang
hai—a high-density, rapidly ageing inner-city community with advanced smart city in-
frastructure and severe land constraints; (2) Tianfu Future Community, Tianfu New Area,
Chengdu—a newly planned community incorporating green design principles, serving a
younger family demographic; and (3) Tuanjiehu Community, Chaoyang District, Beijing —
a mid-vintage community with a mixed demographic profile, currently undergoing ren-
ovation to align with MOHURD 2021 complete community standards. Together, these
cases represent China’s three primary climate zones for sports space planning, three dis-
tinct phases of the community lifecycle, and three levels of smart city data availability.

4.3. Data Collection

Data collection for each case proceeded through four channels. First, systematic
behavioural observation was conducted over a minimum of 14 days per site, strati-
fied across weekdays and weekends and covering morning (6:00-10:00 AM), midday
(10:00 AM—4:00 PM), late afternoon/evening (4:00-9:00 PM), and night (9:00-11:00 PM)
time windows. Observations were conducted in spring/early summer (April-June 2023)
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only. Critically, no direct observational data were collected during winter conditions (par-
ticularly relevant for Tuanjiehu, Beijing) or peak summer conditions (particularly relevant
for Tianfu, Chengdu). This is a significant limitation for a framework designed to eval-
uate seasonal resilience: the SRS scores for all three cases therefore incorporate a degree
of estimation uncertainty that cannot be fully resolved through administrative data and
interview recall alone. The SRS scores should be understood as partially estimated values
rather than fully observed measures; they represent the best available approximation given
the data collected, and should be interpreted with appropriate caution. Future CASI appli-
cations should employ a minimum of four observation windows—one per season—with
particular emphasis on the adverse season most relevant to each climate zone. At each site,
two trained observers conducted parallel independent sessions on six randomly selected
days to enable inter-rater reliability assessment. Inter-rater reliability for total user count
(ICC=0.94) and demographic category assignment (Cohen’s Kappa = 0.81) met acceptable
thresholds. Second, semi-structured interviews were conducted with 30-40 community
residents per site (total N = 103), purposively sampled to ensure representation across el-
derly residents aged 60+ (approximately 30%), working adults aged 18-59 (approximately
40%), parents with children under 12 (approximately 20%), and community management
staff (2-3 per site). Third, smart city administrative data were obtained through formal
data-sharing agreements. Fourth, spatial mapping and environmental assessment docu-
mented facility dimensions, equipment inventory, surface materials, microclimate condi-
tions, and spatial configuration.

4.4. Data Analysis

Behavioural observation data were coded and aggregated into temporal utilisation
matrices for each sports space. Interview data were analysed using thematic analysis [54],
with particular attention to temporal access barriers, programming preferences, and un-
met demand. Two researchers coded independently; inter-coder reliability was assessed
using Cohen’s Kappa (k = 0.79 across primary themes). Smart city data were processed to
compute utilisation rates, temporal distribution coefficients, and demographic representa-
tiveness indices. All CASI sub-index scores should be understood as point estimates based
on the available observational and administrative data; no formal confidence intervals are
reported, given the 14-day observation window and partial seasonal coverage.

5. The Chrono-Adaptive Sports Space Index (CASI)
5.1. Index Architecture and Weighting Rationale

CASI is composed of four primary sub-indices, each addressing one temporal dimen-
sion of sports space performance, plus an overarching Equity Integration Score (EIS). The
four sub-indices are the Diurnal Adaptability Score (DAS), the Weekly Flexibility Score
(WES), the Seasonal Resilience Score (SRS), and the Demographic Lifecycle Alignment
Score (DLAS). Each sub-index is scored on a 0-25 scale, yielding a composite CASI score
of 0-100. The EIS is a corrective multiplier (0.6-1.0) applied to the composite score to pe-
nalise temporal concentration of access among narrow demographic cohorts. The equal
weighting of the four sub-indices at 25 points each is a deliberate first-generation design
choice rather than a claim that all four dimensions are equally important in all contexts.
This approach is consistent with precedents in composite index development [55]. As the
OECD [55] handbook notes, equal weighting is a starting point requiring sensitivity valida-
tion, not an inherently appropriate default. The four dimensions also operate across funda-
mentally different temporal scales—DAS captures daily variation, WFS captures weekly
variation, SRS reflects seasonal adaptability, and DLAS addresses long-term demographic
change —making the assumption of equal importance theoretically uncertain. The primary
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concern is not whether equal weighting is correct in principle, but whether the CASI com-
munity rankings remain stable under alternative weighting scenarios. An indicative as-
sessment suggests that the large gap between Caojiadu (27.7) and Tianfu (59.6) is likely
robust to moderate weighting variations given their substantially different sub-index pro-
files across all four dimensions. However, the closer comparison between Tianfu (59.6) and
Tuanjiehu (52.6) is potentially less robust: if SRS were weighted more heavily (for exam-
ple, at 40% rather than 25%), Tuanjiehu's stronger seasonal performance (SRS = 18 vs. 14)
would narrow or close the gap with Tianfu. The current ranking between these two com-
munities should therefore be interpreted with caution. Formal sensitivity analysis using
AHP, Delphi, PCA, or entropy weighting methods is identified as the highest priority for
the next phase of CASI development. Until such analysis is conducted, CASI scores should
be treated as diagnostic indicators of temporal performance profile rather than definitive
comparative rankings. The individual rationale for including each sub-index at 25 points
is summarised in Table 2.

Table 2. CASI sub-index structure, scoring criteria, and weighting rationale.

Key Indicators

Design Levers

Weighting Rationale

Peak/trough utilisation
ratio; number of user
cohorts served across

18 active hours

Adjustable shading;
timed lighting;
modular equipment;
programming schedules

25 pts: diurnal variation
most acute in Chinese
communities; strongest
evidence base

Weekday-weekend
utilisation differential;
family group
accommodation score

Flexible spatial
configuration; temporary
facility deployment;
weekend programming

25 pts: 40-60% weekend
uplift documented across
Chinese communities

Seasonal usability score;
climate-adaptive design
elements; year-round
activity diversity

Shading/sheltering;
heating/cooling
infrastructure; seasonal
programming calendar

25 pts: extreme climate
conditions cause
documented 38-52%
utilisation loss

Modular infrastructure
convertibility score; % of
space usable by
all age groups

Universal design elements;
convertible/modular
infrastructure; long-range
demographic planning

25 pts: China’s ageing
trajectory creates
structural risk of rapid
demographic
misalignment

Sub-Index Temporal Dimension
DAS (0-25) Diurnal (within-day)
Weekly (weekday vs.
WES (0-25) weekend)
SRS (0-25) Seafsonal (annual
climate cycle)
DLAS Demographic lifecycle
(0-25) (10-20 year)
EIS Cross-cutting
(x0.6-1.0) equity correction

Modified Gini coefficient
of temporal
utilisation across
demographic cohorts

Applied as composite
score multiplier;
penalises demographic
concentration

Multiplier not additive
sub-index: equity acts
as modifier on
aggregate performance

5.2. Diurnal Adaptability Score (DAS)

The DAS measures the extent to which a sports space actively supports diverse user
cohorts across the full daily activity cycle. Scoring is based on three components: (a) the
ratio of peak to trough hourly utilisation (0-7 points); (b) the number of distinct demo-
graphic cohorts whose primary activity windows are served by the space (0-10 points); and
(c) the presence and quality of design elements enabling diurnal adaptation—adjustable
shading, timed lighting systems, reconfigurable surface zones, and programming infras-
tructure (0-8 points). The 8:1 and 3:1 peak-to-trough ratios that define ‘severe’ and ‘high-
adaptability” performance levels were derived from the distribution of peak-to-trough ra-
tios observed in the three case studies (range: 3.8:1 to 14.5:1), supplemented by the bench-
marks from Pawlowski et al. [29] and Stevenson et al. [30]. These thresholds should be
treated as provisional calibrations. A DAS below 10 indicates a diurnally inflexible space
requiring significant intervention; a DAS above 18 indicates strong diurnal performance.
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5.3. Weekly Flexibility Score (WFS)

The WES assesses the degree to which a sports space accommodates the qualitatively
different patterns of use characteristic of weekdays and weekends. In Chinese urban com-
munities, weekends concentrate larger groups, multi-generational family use, and organ-
ised activity, while weekdays are dominated by individual or small-group use [50,56].
Scoring covers: (a) the capacity of the space to expand or reconfigure for larger groups
(0-10 points); (b) the availability of weekend-specific programming or management sup-
port (0-7 points); and (c) evidence that neither weekday nor weekend users report displace-
ment or access barriers caused by temporal concentration (0-8 points).

5.4. Seasonal Resilience Score (SRS)

The SRS evaluates year-round usability across climate-driven seasonal variation. Scor-
ing criteria vary by climate zone, with parallel weighting of the relevant adverse season.
The SRS incorporates: (a) a climate usability assessment scoring the proportion of annual
hours during which outdoor sports are feasible without design intervention (0-5 points);
(b) the presence and effectiveness of climate-adaptive infrastructure (0-12 points); and
(c) the diversity of activities documented as occurring across all four seasons (0-8 points).

5.5. Demographic Lifecycle Alignment Score (DLAS)

The DLAS is the most distinctive component of CASI. It assesses the degree to which
a sports space is designed not only for the current demographic profile of the community
but also for the predictable demographic trajectory over a 10-20 year horizon. The DLAS
scores: (a) the convertibility of the space’s primary infrastructure (0-10 points); (b) the pro-
portion of design elements meeting universal design standards applicable to both young
and elderly users (0-8 points); and (c) the presence of a formal demographic planning re-
view mechanism in community management (0-7 points). The DLAS requires engagement
with local demographic projection data available through community committee house-
hold registration records and municipal statistical offices.

5.6. Equity Integration Score (EIS)— Computational Methodology

The EIS is computed as a multiplier applied to the composite CASI score (DAS + WES
+ SRS + DLAS). It penalises temporal inequity by computing a modified Gini coefficient for
the distribution of utilisation hours across demographic cohorts. The computational pro-
cedure is as follows: Step 1, construct the utilisation matrix U(t,d), where t indexes time
windows (hourly across 18 active hours per day, averaged across the 14-day observation
period) and d indexes demographic cohorts (five groups). Step 2, compute the total utilisa-
tion share s(d) for each cohort. Step 3, rank cohorts from lowest to highest share and con-
struct the Lorenz curvse. Step 4, compute the standard Gini coefficient G =1 — 2UL(x)dx,
approximated using the trapezoidal rule across the five cohort points. Step 5, map G to
the EIS scale using the linear transformation EIS=1.0 — (G x 1.0), clamped to the interval
[0.6, 1.0]. A worked numerical example from Caojiadu yielded EIS = max(0.6, 1.0 — 0.41)
= 0.6 (clamped at lower bound), reflecting extreme elderly-dominated utilisation (58% el-
derly, compared to a community population share of 34%).

6. Case Study Findings
6.1. Case 1: Caojiadu Community, Jing'an District, Shanghai
6.1.1. Community Profile

Caojiadu is a dense inner-city community of approximately 18,000 residents in Jing’an
District, one of Shanghai’s most centrally located and land-constrained districts. The com-
munity’s demographic profile has shifted significantly over the past two decades: resi-
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dents aged 60 and above now constitute 34% of the population, compared with a Shang-
hai urban average of 28% [57]. The sports space provision consists of a 1200 m? outdoor
fitness area, a 400 m? covered badminton and table tennis pavilion, and a linear fitness
trail of approximately 300 m along a refurbished canal edge. Total sports area per capita
is approximately 0.11 m2, marginally exceeding the MOHURD 2021 minimum standard.

6.1.2. CASI Assessment Results

Behavioural observation and smart city data analysis revealed a highly polarised util-
isation pattern. Morning peak hours (6:00-8:30 AM) accounted for 58% of all recorded
weekday activity, dominated overwhelmingly by residents aged 60 and above engaged in
tai chi, qigong, and informal walking. The post-work peak (5:30-8:00 PM) accounted for
a further 29% of activity. Total midday utilisation (10:00 AM—4:30 PM) was 4% of daily
activity. The peak-to-trough ratio was 14.5:1. The DAS for Caojiadu was 7/25. The WFS
was 14/25, reflecting moderately greater weekend utilisation diversity. The SRS was 16/25,
benefiting from Shanghai’s relatively mild climate. The DLAS score was 5/25—the low-
est sub-index—reflecting the space’s design for an earlier, younger demographic without
convertibility provisions. The EIS computation yielded a multiplier of 0.66. The result-
ing CASI score was (7 + 14 + 16 + 5) x 0.66 = 27.7/100, placing Caojiadu in the temporally
inert category.

6.2. Case 2: Tianfu Future Community, Tianfu New Area, Chengdu
6.2.1. Community Profile

Tianfu Future Community is a newly completed planned community in Chengdu’s
Tianfu New Area, designed under Chengdu’s Municipal Complete Community Stan-
dards [25] and intended as a flagship demonstration of sustainable, smart community de-
sign. The community serves approximately 12,000 residents, with a demographic profile
skewed toward younger families: 38% of residents are aged 0-17, and only 12% are aged
60 or above. The sports provision includes a 2800 m? central sports plaza, an 800 m? multi-
use games area (MUGA) with reconfigurable surface markings, a rooftop running track
of 350 m, a climate-controlled indoor fitness centre of 600 m?, and a children’s active play
landscape of 500 m?. Total sports area per capita is approximately 0.37 m?.

6.2.2. CASI Assessment Results

Tianfu demonstrated markedly higher diurnal adaptability than Caojiadu, reflecting
intentional design investment. The central sports plaza employs an automated retractable
shade system, timed LED lighting synchronised with a community app, and surface mark-
ings for five different sports. Behavioural observation confirmed a more even utilisation
distribution: morning peak (6:30-8:30 AM) accounted for 22% of daily activity; post-school
afternoon peak (4:00-7:30 PM) for 41%; and midday (10:00 AM—-4:00 PM) for 19%. The
DAS was 19/25. The WEFS was 21/25, reflecting the MUGASs’ reconfigurability and a formal
weekend community sports programme. The SRS was 14/25: Chengdu’s extreme summer
heat severely restricts outdoor midday activity from June through August. The DLAS was
17/25. The EIS multiplier was 0.84. The CASI score was (19 + 21 + 14 + 17) x 0.84 = 59.6/100,
in the moderate adaptability category.
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6.3. Case 3: Tuanjiehu Community, Chaoyang District, Beijing
6.3.1. Community Profile

Tuanjiehu is a mid-vintage community of approximately 22,000 residents, originally
developed as a state-enterprise residential compound in the 1980s and substantially reno-
vated between 2018 and 2023. The demographic profile is mixed: 26% aged 60 and above,
18% aged 0-17, and 56% working-age adults. Sports provision includes a 1800 m? outdoor
multi-sport area, a 1200 m? covered sports pavilion (recently renovated), an 800 m? fitness
trail network, and a heated indoor-outdoor transitional sports hall of 400 m? opened in
2023. Total sports area per capita is 0.19 m?. The renovation was informed by community
participatory design processes, including resident sport preference surveys conducted by
the Chaoyang District Sports Bureau (2022).

6.3.2. CASI Assessment Results

Tuanjiehu presented the most complex utilisation profile of the three cases, reflect-
ing its mixed demographic structure. The DAS score was 15/25: the morning peak
(5:30-8:30 AM) was dominated by elderly users (64% of morning activity), but the transi-
tional indoor-outdoor hall supported a significant midday population, generating a more
moderate peak-to-trough ratio of 6.2:1. The heated transitional hall proved particularly
effective in extending the viable outdoor season by approximately six weeks. The WES
was 18/25. The SRS was 18/25—the highest among the three cases—reflecting the com-
bined effect of the transitional hall, the renovated covered pavilion, and a winter pro-
gramming calendar. The DLAS was 14/25. The EIS multiplier was 0.81. The CASI score
was (15 +18 + 18 + 14) x 0.81 =52.6/100, in the moderate adaptability range with notably
stronger seasonal resilience than the other cases.

6.4. Comparative Analysis

Table 3 presents the comparative CASI scores across the three cases.

Table 3. Comparative CASI scores across three Chinese community cases.

Community DAS/25 WEFS/25 SRS/25 DLAS/25 EIS CASI/100
Caojiadu, Shanghai (ageing inner-city) 7 14 16 5 0.66 27.7
Tianfu Future, Chengdu (newly planned) 19 21 14 17 0.84 59.6
Tuanjiehu, Beijing (renovating mid-vintage) 15 18 18 14 0.81 52.6

The large CASI difference between Tianfu (59.6) and Caojiadu (27.7) warrants careful
attributional analysis. Multiple factors co-vary across these two cases, including commu-
nity age, funding and design investment levels, demographic composition, climate zone,
and institutional governance capacity. The current study cannot isolate the contribution of
chrono-adaptive design choices from these confounding factors. The CASI scores should
therefore be interpreted as diagnostics of current performance across temporal dimen-
sions, not as evidence that chrono-adaptive design per se caused the differences observed.
Figures 3-5 present, respectively, a radar chart of CASI sub-index performance across the
three communities, a heat map of sports space utilisation by time of day and demographic
cohort, and diurnal utilisation patterns by weekday average.
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7. The Chrono-Adaptive Design Protocol (CADP)
7.1. Protocol Overview

The CASI framework generates diagnostic scores that identify temporal performance
gaps; the Chrono-Adaptive Design Protocol (CADP) translates these diagnoses into action-
able design, programming, and management prescriptions. The CADP operates across
three interconnected layers: physical design interventions, programming frameworks,
and smart management systems. It is conceived as a cyclical, iterative process in which
CASI assessments generate CADP prescriptions, implemented interventions are moni-
tored through smart city data systems, and subsequent CASI assessments evaluate im-
provement. It is important to clarify that the CADP is a conceptual and prescriptive frame-
work that has not been implemented and evaluated, and no empirical evidence is available
to confirm whether CADP interventions generate the utilisation improvements anticipated
by the diagnostic logic. The CADP should be understood as a testable, practice-informed
protocol awaiting prospective evaluation. Figure 6 presents the CADP continuous im-
provement cycle schematically.

7.2. Physical Design Layer

Physical design interventions prescribed by CADP are organised around the identi-
fied CASI sub-index weaknesses. For a community with a low DAS (such as Caojiadu),
CADP prescribes: (a) installation of modular, foldable equipment panels allowing rapid
reconfiguration of court areas; (b) automated shading systems with programmable sched-
ules aligned to diurnal usage peaks; (c) timed LED lighting designed to extend the usable
evening window; and (d) the designation of a flexible activity mat zone replacing fixed
equipment in a portion of the space. For a community with a low SRS (such as Tianfu's
summer heat challenge), CADP prescribes: (a) expanded and optimised retractable shad-
ing coverage; (b) provision of mist-cooling systems at key activity nodes; (c) development
of a phased indoor overflow programme for the summer months; and (d) a seasonal activ-
ity calendar developed collaboratively with community sports animators.
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7.3. Programming Framework Layer

Physical design alone is insufficient to achieve chrono-adaptive sports space perfor-
mance; active programming and community engagement are essential co-requisites [12].
The CADP programming framework prescribes a structured annual programming calen-
dar for each community sports space, developed through participatory needs assessment
with resident demographic groups. Central to the programming framework is the role
of the sports animator (A & 155 i1, Tiyt Zhiddo yén), a community-employed sports fa-
cilitator whose position is recommended by MOHURD but inconsistently implemented.
CADP prescribes a specific role for the sports animator that explicitly addresses tempo-
ral equity: reaching out to temporally excluded groups, designing programming to serve

them, and reporting temporal utilisation gaps to community management.

7.4. Smart Management Systems Layer and Feasibility Considerations

The smart management layer of CADP connects physical and programming inter-
ventions to real-time data systems. CADP recommends the implementation of a commu-
nity Sports Space Digital Twin (5SDT): a continuously updated digital model integrating
sensor data, booking system data, and programming calendar information. However, it
must be acknowledged that the full digital twin proposal may be feasible only in well-
resourced communities with advanced smart city infrastructure. CADP should therefore
be understood as a scalable framework with a low-cost baseline configuration and op-
tional digital enhancement. The baseline CADP —requiring only a manual observation
protocol, a structured programming calendar, and a community sports animator —can be
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implemented without any digital infrastructure. Privacy, surveillance, and data gover-
nance must be addressed explicitly at the point of implementation. Any camera-based
monitoring system should employ aggregate counting technology only, with no individ-
ual identification capability.

8. Discussion
8.1. Theoretical Contributions

This paper makes three primary theoretical contributions. First, it introduces CASI
as a preliminary index that operationalises temporal dynamics as a primary evaluative cri-
terion for community sports spaces, extending the complete community literature with a
temporal quality dimension that more accurately captures effective access to physical ac-
tivity infrastructure [5,6]. Second, it demonstrates the empirical significance of temporal
exclusion as a form of sports space inequity distinct from, and not captured by, spatial prox-
imity measures. The finding that Caojiadu marginally meets MOHURD area per capita
standards while scoring 27.7/100 on CASI illustrates the potential inadequacy of purely
spatial metrics. Third, it integrates temporal urbanism theory [16,36] with smart city data
infrastructure [18] into a policy-applicable planning framework. A fourth contribution
is the explicit connection CASI draws between urban form, city design, and temporal eq-
uity: the 15 min complete community is not merely a spatial concept—it implies that space
should be accessible at the times residents need it, by the residents who need it.

8.2. Policy Implications

The findings carry several significant implications for Chinese community sports pol-
icy. The MOHURD 2021 Complete Community Standards should consider incorporating
temporal accessibility criteria: specifically, a requirement that community sports space
plans include a CASI assessment demonstrating how the proposed provision addresses
the diurnal, weekly, seasonal, and demographic lifecycle dimensions of demand. The con-
sistent finding across cases that the midday trough represents the most severe temporal
access gap—despite being the period most accessible to caregivers of young children, per-
sons with mobility limitations, and shift workers —suggests that programmatic investment
in midday activation could yield high equity returns at relatively low cost. The DLAS
findings highlight a systemic risk in China’s current community development trajectory:
communities being built today for young families will face a demographic transformation
within 15-20 years that their sports infrastructure is not designed to accommodate.

8.3. Framework Applicability and Boundary Conditions

CASI as currently specified has important boundary conditions. The framework was
developed and initially assessed in three urban Chinese communities, all of which are des-
ignated complete communities with at least moderate smart city infrastructure. Its ap-
plicability to the following conditions has not been assessed and may require modifica-
tion: low-density communities, where the DAS peak-to-trough ratio thresholds may not
be reliable; non-Chinese cultural contexts, where different temporal rhythms would be ex-
pected; contexts with limited or no smart city data; and rural or peri-urban communities
with fundamentally different sports space typologies. Future research should explicitly
test CASI’s performance across these boundary conditions and develop adapted protocols
where necessary.

8.4. Limitations

Several limitations merit explicit acknowledgement. First, the three-case design does
not support statistical generalisation; the study is better characterised as an exploratory
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framework development exercise rather than a validation study. Future research should
apply CASI to a larger, systematically sampled set of Chinese communities across a
broader range of city tiers and community types, and should include non-complete com-
munity control cases. Second, the observation period was restricted to spring/early sum-
mer (April-June 2023) only; no direct observations were collected during winter or peak
summer conditions. This is a particularly significant limitation for the SRS sub-index: all
three SRS scores incorporate estimation uncertainty that cannot be fully resolved from ad-
ministrative data and interview recall. Future CASI applications must include four-season
direct observation, with particular emphasis on the adverse season most relevant to each
climate zone. Third, the equal weighting assumption has not been validated through sen-
sitivity analysis; the ranking between Tianfu (59.6) and Tuanjiehu (52.6) may not be robust
to alternative weighting schemes, and formal AHP or entropy-based weighting analysis is
required before these rankings are used for policy-consequential decisions. Fourth, the EIS
computation relies on observational data that may undercount casual drop-in users, par-
ticularly elderly populations less likely to use QR-code booking systems. Fifth, the DLAS
demographic projection component relies on residential registration data that may under-
count mobile populations. Sixth, the CADP has not been implemented and evaluated; all
claims about the potential utilisation improvements associated with CADP interventions
should be understood as indicative estimates pending longitudinal evaluation. Together,
these limitations mean that CASI should currently be used as a diagnostic and exploratory
tool, not as a definitive ranking or policy-validation instrument.

9. Conclusions

This paper has introduced the Chrono-Adaptive Sports Space Index (CASI) and the
Chrono-Adaptive Design Protocol (CADP) as a theoretically grounded preliminary frame-
work for addressing a fundamental limitation in current approaches to sports space plan-
ning within China’s complete community framework: the failure to account for temporal
dynamics in the provision and design of physical activity environments. This study is best
understood as a framework development and initial exploratory application rather than a
validation of a mature, broadly applicable instrument. The empirical evidence provided by
three case studies demonstrates the framework’s diagnostic utility and reveals important
patterns of temporal exclusion, but it is insufficient to validate scoring thresholds, con-
firm weighting choices, or support strong claims about broader generalisability. Through
the exploratory assessment of three contrasting Chinese urban communities —Caojiadu in
Shanghai, Tianfu Future in Chengdu, and Tuanjiehu in Beijing—the paper demonstrates
that static, quantity-focused metrics systematically obscure patterns of temporal exclusion
that affect working parents, adolescents, and midday users, while masking demographic
misalignment risks that will materialise as communities age.

CASI provides a diagnostic framework for identifying these patterns across four tem-
poral dimensions (diurnal, weekly, seasonal, and demographic lifecycle), while the CADP
translates diagnoses into design, programming, and management interventions scalable
across different levels of institutional and technological capacity. Before CASI can be con-
sidered a broadly applicable assessment instrument, five specific research priorities must
be completed: (1) large-scale CASI assessment across a larger and more systematically se-
lected national case set, including non-complete community control cases, to establish per-
formance benchmarks and validate scoring thresholds; (2) longitudinal multi-season obser-
vation protocols replacing the current spring-only window; (3) formal weighting sensitiv-
ity analysis using AHP, Delphi, or entropy methods to replace the current equal-weighting
assumption with an empirically calibrated alternative; (4) prospective evaluation of CADP
interventions in communities where they are implemented, to document improvement tra-
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jectories and refine the protocol; and (5) adaptation of the CASI framework for boundary
conditions including low-density communities, data-limited contexts, and non-Chinese
cultural settings, as well as testing across East and Southeast Asian cities with comparable
density and demographic challenges. The present study establishes the theoretical foun-
dation and demonstrates the diagnostic value of the framework; this five-part research
agenda represents the pathway from exploratory application to validated instrument.

10. Limitations and Future Research Directions
10.1. Limitations of the Present Study

This study represents a framework development and initial exploratory application;
it is not a validation of a mature, broadly applicable instrument. The following limita-
tions must be acknowledged explicitly and transparently before the findings are used for
policy purposes.

First, the three-case study design does not support statistical generalisation. The
study is best characterised as an exploratory framework development exercise; the find-
ings illustrate the diagnostic potential of CASI but cannot establish population-level valid-
ity. The selection of only three communities, all located within major Tier-1 and New Area
contexts, limits the representativeness of the findings across China’s diverse city tiers, com-
munity governance structures, and socioeconomic profiles. Future work must apply CASI
to a substantially larger, stratified national sample that includes Tier-2 and Tier-3 cities,
township-level communities, and non-designated-complete-community control cases, to
enable benchmark calibration and cross-context comparison.

Second, data collection was restricted to spring and early summer (April-June 2023).
No direct observational data were collected during winter or peak summer conditions,
which are precisely the adverse climate seasons that the Seasonal Resilience Score (SRS) is
designed to assess. Accordingly, all three SRS scores incorporate a degree of estimation
uncertainty that cannot be fully resolved through administrative data or interview recall.
The SRS scores reported here should be understood as partially estimated values, not fully
observed measures, and must be interpreted with appropriate epistemic caution. Future
CASI applications must employ a minimum of four seasonal observation windows, with
particular emphasis on the climate-adverse season most critical to each case community.

Third, the equal-weighting assumption applied to the four CASI sub-indices (25 points
each) is a deliberate first-generation design choice in the absence of pre-existing empirical
benchmarks; it is not a validated empirical claim. The community ranking between Tianfu
(59.6) and Tuanjiehu (52.6) may be sensitive to alternative weighting schemes, particularly
if the SRS is assigned greater weight to reflect the severity of seasonal climate challenges.
Formal sensitivity analysis using Analytic Hierarchy Process (AHP), Delphi expert pan-
els, Principal Component Analysis (PCA), or entropy-weighting methods is a prerequisite
before CASI scores are used in policy-consequential contexts. Until such analysis is con-
ducted, CASI scores should be treated as diagnostic indicators of temporal performance
profile rather than definitive comparative rankings.

Fourth, the Equity Integration Score (EIS) relies on observational data that may sys-
tematically undercount certain user groups, particularly elderly residents who are less
likely to use QR-code-based booking systems and casual drop-in users who do not regis-
ter through digital platforms. This introduces a potential downward bias in the utilisation
shares attributed to these cohorts, which could artificially inflate the Gini coefficient and
reduce the EIS multiplier. Similarly, the Demographic Lifecycle Alignment Score (DLAS)
depends on residential registration data (/"% records) that structurally undercount mi-
grant worker populations, who constitute a significant proportion of urban residents in
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many Chinese communities. Future CASI instruments should develop non-digital count-
ing methods as complementary data sources to reduce the risk of systematic data omission.

Fifth, the Chrono-Adaptive Design Protocol (CADP) is a conceptual, prescriptive
framework that has not been prospectively implemented or evaluated in any community.
All projected utilisation improvements associated with CADP interventions are indicative
estimates grounded in analogous evidence from comparable programmes; they do not con-
stitute empirical evidence from within this study. The CADP should be understood as a
testable hypothesis awaiting longitudinal evaluation, not as a proven intervention model.

Sixth, the absence of control cases —communities not designated as complete commu
nities—means that the temporal utilisation patterns identified by CASI cannot be at-
tributed specifically to complete community planning policy. It is not possible to deter-
mine, on the basis of this study alone, whether the patterns documented are distinctive
to complete communities or reflect more general characteristics of Chinese urban commu-
nities. A future study including matched non-complete community comparators within
a single metropolitan context would substantially improve the internal validity of CASI’s
diagnostic claims.

Seventh, CASI’s equity component—as operationalised through the EIS multiplier —
captures only temporal equity, defined as the distribution of utilisation time across de-
mographic cohorts. It does not directly measure spatial accessibility, economic afford-
ability, linguistic or informational accessibility, disability accommodation, or the cultural
relevance of available programming. CASI’s equity assessment should therefore be un-
derstood as a temporal equity measure within a broader equity landscape that requires
complementary instruments for a comprehensive social equity evaluation.

10.2. Future Research Directions

The limitations identified above define a structured and prioritised agenda for future
research. The following five directions are considered the most critical for advancing CASI
from an exploratory framework to a validated, broadly applicable assessment instrument.

The first and most urgent priority is large-scale, multi-tier national validation. Fu-
ture research should apply CASI to a minimum of 30 communities across at least three
city tiers (Tier-1, Tier-2, and Tier-3), systematically varying community lifecycle stage, cli-
mate zone, governance capacity, and designation status (complete community vs. non-
designated control). This expanded dataset would enable benchmark calibration for each
sub-index, the establishment of empirically grounded threshold values (replacing the pro-
visional thresholds derived in this study), and multi-level modelling that can disentangle
city-level from community-level determinants of temporal sports space performance.

The second priority is multi-season longitudinal observation. All future CASI appli-
cations should collect a minimum of four seasonal observation rounds per community,
including direct observation during the most climatically adverse season. For northern
communities such as Tuanjiehu, Beijing, this necessitates a dedicated winter observation
protocol; for southern and inland communities such as Tianfu, Chengdu, a peak sum-
mer observation window is essential. A longitudinal component spanning at least three
years would enable the assessment of demographic lifecycle trajectories in real time, rather
than relying on projection models alone, and would permit evaluation of whether CADP-
prescribed interventions generate measurable improvements in CASI scores over time.

The third priority is formal weighting sensitivity analysis. The current equal-weighting
assumption requires replacement with an empirically calibrated weighting structure de-
rived through a combination of expert elicitation (Delphi method), data-driven weighting
(PCA or entropy methods), and stakeholder preference assessment (Analytic Hierarchy
Process). An international panel of sports planning specialists, urban designers, public
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health professionals, and community management practitioners should be convened to
provide cross-disciplinary weighting guidance. The sensitivity of CASI rankings to alter-
native weighting scenarios should be reported as a standard output of all future CASI
assessments, enabling users to understand the robustness of comparative findings.

The fourth priority is prospective evaluation of CADP implementation. Future re-
search should identify communities in which CADP physical design, programming, and
smart management interventions are implemented and evaluate their effect on temporal
utilisation equity through pre- and post-intervention CASI assessments. This longitudi-
nal, quasi-experimental design would provide the first empirical evidence base for the
CADP’s intervention logic, enabling the identification of which intervention types gener-
ate the greatest temporal equity improvements, under what governance and institutional
conditions, and at what cost. Communities with different baseline CASI profiles should
be included to test whether the intervention logic generalises across performance levels.

The fifth priority is cross-cultural adaptation and international extension. CASI was
developed and initially assessed exclusively within Chinese urban communities, and sev-
eral design choices reflect China-specific institutional, demographic, and climatic contexts.
Future research should test the framework’s applicability in East Asian cities with com-
parable density, ageing demographics, and collective sports provision models—including
Seoul, Tokyo, Singapore, and Hong Kong—as well as in lower-density communities and
data-limited contexts. Methodological adaptations may be required for communities with-
out smart city infrastructure, and a “CASI Lite’ protocol requiring only manual observa-
tion and structured community consultation should be developed to ensure the frame-
work’s accessibility in resource-constrained settings across Global South cities experienc-
ing rapid urbanisation.

Collectively, these five directions represent the pathway from the current exploratory
application to a validated, policy-relevant instrument. The present study has established
the theoretical foundations and demonstrated the diagnostic utility of the CASI framework;
this research agenda defines the empirical work required to fulfil that diagnostic potential
at scale. The authors are committed to advancing this agenda through collaborative re-
search partnerships with community management institutions, municipal sports bureaux,
and urban planning authorities across Chinese and international contexts.
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