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Abstract

Population ageing has created an urgent need to prioritise home modifications in older urban
communities, yet evaluation frameworks that jointly integrate residents’ importance percep-
tions with current performance remain limited. This study applied Importance—Performance
Analysis (IPA) to assess priorities for age-friendly home modifications in Xinhai Commu-
nity, Shanghai, China. A literature-based pool of 20 candidate indicators was contextualised
through field observations and screened by nine experts, yielding 17 indicators grouped
by primary function into Safety, Independence, Comfort, and Sustainability. The analysis
included 361 older residents retained from 419 initially usable questionnaires after exclud-
ing 58 (13.84%). Using mean-based crosshairs, at the criterion level, Safety and Indepen-
dence were located in the high-importance-low-satisfaction priority-improvement quadrant,
whereas Comfort occupied the low-importance-high-satisfaction extra-resource quadrant
and Sustainability occupied the low-importance-low-satisfaction secondary-improvement
quadrant. At the indicator level, 8 of 17 factors were classified as priority-improvement items.
Classification was sensitive to threshold choice, particularly for indicators 8, 11, and 14; con-
servative uncertainty bounds did not establish population-level quadrant membership. The
four largest negative satisfaction-importance gaps were observed for Anti-slip Measures
(P — I = —1.939), Indoor Pathway Width and Smoothness (—1.931), the Grab-bar and
Handprail System (—1.709), and Restroom Accessibility (—1.670). The IPA framework pro-
vides a transparent, evidence-based decision aid for identifying preliminary areas for sub-
sequent technical and economic assessment, distinguishing building-embedded structural
deficits from device-based support. While the single-community, cross-sectional design
limits generalisability, the proposed priority-setting process offers a replicable protocol for
comparable communities in rapidly ageing cities.

Keywords: ageing in place; home modifications; importance-performance analysis; priority
setting; environmental press; person—environment fit

1. Introduction

Population ageing is advancing rapidly in China and worldwide [1,2]. By the end of
2024, China had 310.31 million people aged 60 years or older, representing 22.0% of the
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national population [3]. Globally, the population aged 60 years or older is projected to reach
1.4 billion by 2030 and 2.1 billion by 2050 [4], underscoring the accelerating demographic
transition across countries [2]. This challenge is especially pronounced in Shanghai. At
the end of 2024, 5.7762 million registered residents aged 60 years or older accounted for
37.6% of the city’s registered population [5]. This advanced stage of population ageing has
important implications for urban health and age-friendly planning [6]. On a permanent-
resident basis, the Seventh National Population Census (2020) recorded 637,900 permanent
residents in Chongming District, of whom 253,100 were aged 60 and above (39.68%). This
share exceeded the citywide permanent-resident average of approximately 23.38% at the
same census, making Chongming the administrative district with the highest proportion of
older permanent residents in Shanghai and a district with advanced population ageing [5].
The difference between the registered population and permanent-resident figures reflects
the concentration of working-age in-migrants in central Shanghai and the out-migration of
younger residents from Chongming.

A substantial share of homes occupied by older adults in China, particularly those in
long-established communities, remains poorly aligned with later-life accessibility, safety, and
functional needs [1,7]. Shanghai began piloting government-supported age-friendly home
modifications for older residents at the end of 2019, expanded the pilot to 51 subdistricts
and towns by the end of 2020, and launched citywide implementation in July 2021 [8].
Nevertheless, preliminary field observations and resident interviews in Xinhai Community
indicated that substantial environmental deficiencies persisted, including abrupt changes
in floor level and slippery surfaces; narrow or obstructed circulation routes; fall hazards
in toilet and bathing spaces; inadequate lighting and visual legibility; insufficient grab
bars and other assistive features; and poorly organised storage and task areas. These
observations are consistent with Shanghai-based evidence of latent home-modification
needs and with systematic-review evidence that targeted home fall-hazard reduction can
reduce falls, particularly among older adults at elevated risk [9,10]. Such barriers increase
environmental demands just as age-related declines in intrinsic capacity may reduce an
individual’s ability to meet them, thereby constraining mobility and activities of daily living
and increasing the risk of falls [10-12]. Syntheses of intervention research indicate that
person-centred environmental assessment followed by tailored home modification can
improve functional performance and reduce falls, with the clearest fall-prevention benefits
observed among older adults at elevated risk [10,13]. Age-friendly home modification
should therefore be treated as a core housing and public-health intervention rather than as
a discretionary cosmetic upgrade.

Environmental gerontology conceptualises the home not as a passive backdrop but as
an active component of later-life functioning, because autonomy and well-being emerge from
ongoing transactions between personal competence and environmental demands [14-16].
The competence-environmental press model posits that maladaptive outcomes become
increasingly likely when environmental demands exceed an individual’s functional com-
petence [14,17]. Related research has linked home environments to disability-related out-
comes [18], distinguished objectively assessed accessibility from residents’ subjectively
perceived usability [19,20], and conceptualised supportive environments as resources for
both agency and belonging [15]. A one-year prospective study further found that the mag-
nitude of objectively assessed person-environment fit problems predicted indoor falls after
adjustment (OR = 1.025, p = 0.037), whereas the number of environmental barriers alone
did not [21]. Accordingly, an age-friendly housing evaluation should assess not only the
presence of specific physical features but also person-environment fit—whether environ-
mental demands exceed residents’ functional capacities—and residents’ perceived usability
of the dwelling [14,20,21]. Evidence on the effectiveness of home modification is hetero-
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geneous. Systematic reviews generally report improvements in functional performance
and fall-related outcomes, but the clearest fall-prevention benefits occur among residents
at elevated risk and when comprehensive environmental assessment informs individually
tailored modifications [10,13,22]. A cluster-randomised trial in New Zealand found that a
low-cost package comprising handrails on steps and stairs, bathroom grab rails, improved
outdoor lighting, step edging, and slip-resistant treatments reduced the adjusted rate of
medically treated home fall injuries by 26% (relative rate = 0.74, 95% CI: 0.58-0.94) [23].
These findings indicate that the inclusion of a home modification component does not by
itself ensure improved person—environment fit. Outcomes may also depend on targeting,
professional tailoring, resident goals, implementation quality, follow-up, and the measures
used to define effectiveness.

Research on home-environment evaluation has consequently developed through com-
plementary but partly separate approaches. Objective home audits document observable
hazards and environmental or accessibility barriers, whereas resident-reported measures
capture perceived usability and housing satisfaction [16,20]. The environmental barriers
identified by trained assessors may not fully correspond to those perceived by older resi-
dents themselves [16,24]. IPA has been used to identify dwelling-type-specific priorities
in older adults’ ratings of home-accessibility attributes [25]. A subsequent mixed-method
study used extended IPA to rank artificial lighting, mechanical ventilation, and accessible
fittings, while qualitative analysis identified ease of access and emergency management as
complementary priorities for bathroom designs intended to reduce fall risk [26]. Beyond
indoor environments, IPA has also been applied to evaluate age-friendly public spaces in
old urban communities; for instance, Zeng and Chen [27] used IPA in Wuhan to classify
18 outdoor space factors into Accessibility, Safety, Comfort, and Aesthetics, highlighting
safety as the top renovation priority. Beyond IPA, other multi-criteria decision-making
frameworks have also been applied to home modification prioritization, including the inte-
gration of Particle Swarm Optimization and Analytic Hierarchy Process for functional space
adaptation in aging-in-place settings [28]. Although these IPA studies demonstrate the
value of comparing importance with performance, their findings also suggest that the re-
sulting priorities are context-dependent and may vary with dwelling type, the spatial scope
of assessment, and locally applied design standards [25,26]. Chinese research has begun to
document older adults” home-modification needs and post-project experiences, but existing
studies have relied primarily on cross-sectional needs assessments or small qualitative
samples rather than multidimensional post-modification performance evaluations [9,29].
More broadly, reviews have identified diverse outcome domains and substantial hetero-
geneity among home-modification models [7,30,31]. Against this background, the present
study evaluates a community with a high concentration of older residents using a unified
set of home-environment attributes organized into four study-defined domains: Safety,
Independence, Comfort, and Sustainability.

Evidence from China further demonstrates the value of an integrated evaluation.
In a 2021 cross-sectional survey of 5485 adults aged >60 years in Hubei, Hunan, and
Henan, 29.55% reported at least one home-modification need; non-slip tiles or vinyl floor-
ing (17.45%), handrails at toilets (12.18%) and thresholds (12.00%), and floor levelling
(7.66%) were among the most frequently selected items [29]. In a nationally representa-
tive four-wave cohort of 12,382 Chinese adults aged >45 years, squatting toilets (adjusted
HR = 1.14, 95% CI 1.03-1.26) and household untidiness (adjusted HR = 1.09, 95% CI 1.01-1.18)
were associated with higher risks of self-reported falls during follow-up [32]. A 12-month
prospective study across 25 long-term care facilities in Shanghai—an institutional rather than
community-home setting—found that inadequate or inappropriate handrails, unsafe floors,
and poor lighting were common facility-level hazards and were individually associated with
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falls in univariable analyses; moreover, the overall environmental-hazard level interacted
with habitual night-time toilet visits [33]. These designs answer complementary rather than
interchangeable questions: needs surveys elicit requested changes, cohort studies estimate
prospective exposure—outcome associations, assessor-led audits document observable envi-
ronmental hazards, and resident-reported measures capture perceived usability and housing
satisfaction [16,34]. Broader reviews have also identified considerable heterogeneity in home-
modification models, outcome measures, and study quality, while China-specific evidence
concerning residents’ experiences during and after publicly supported modifications remains
limited [9,30,31]. The remaining issue addressed here is how to translate older residents’
appraisals across several home-environment domains into an explicit set of concerns for local
assessment. The present study addresses this applied gap by combining importance and
satisfaction ratings at the dimension and indicator levels, while treating the resulting priorities
as provisional inputs to technical and economic evaluation.

To address this gap, the present study applies importance—performance analysis (IPA)
as a descriptive priority-setting method. IPA maps each attribute according to residents’
ratings of importance and perceived current performance, operationalized here as sat-
isfaction with existing conditions [35]. The resulting matrix distinguishes four action
categories: maintain performance (high importance-high satisfaction), lower priority (low
importance-low satisfaction), review for possible overinvestment (low importance-high sat-
isfaction), and priority improvement (high importance-low satisfaction). These categories
are heuristic rather than prescriptive: placement in the low-importance-high-satisfaction
quadrant does not by itself demonstrate inefficient expenditure, while placement in the
high-importance-low-satisfaction quadrant identifies candidates for improvement rather
than establishing a complete expenditure ranking. Accordingly, quadrant placement is
considered together with the magnitude of the importance—satisfaction gap to identify con-
cerns for assessment before intervention selection and resource allocation [36,37]. Because
classification depends on how importance and performance are operationalized, the study
population, and the selected crosshairs, IPA is interpreted as a relative, context-specific
planning aid rather than an absolute performance standard, a test of statistical significance,
or evidence of causality [38-40].

Environmental press and person-environment fit provide the conceptual lens for inter-
preting the evaluation framework [14,15,41]. The competence—press model treats adaptation
as a joint function of personal competence and environmental demand: as competence de-
clines, a given level of demand is more likely to fall outside the individual’s range of positive
adaptation. Housing research likewise associates greater person—environment fit problems
with dependence in activities of daily living, whereas more accessible and usable homes
are associated with independence and subjective well-being [16,20]. Reducing excessive
environmental barriers and task demands may therefore improve the fit between residents’
capacities and their dwellings. Guided by this theoretical lens, together with the literature
review, fieldwork, and expert screening, the retained indicators were organized according
to their primary intended functions into four interrelated analytical dimensions: Safety,
Independence, Comfort, and Sustainability. Collectively, these dimensions represent the
principal later-life requirements of physical safety, autonomous daily functioning, bodily
and psychological comfort, and continued residence over time.

The theoretical gap addressed here concerns the operational link between environmental-
gerontology concepts and residents’ judgements about which dwelling attributes warrant
attention. Person-environment models explain why functional demands and the experience
of home matter [14], while accessibility and usability research establishes that objective
barriers and subjective evaluations are related but distinct [19,20]. These concepts alone do
not specify how to compare perceived shortfalls across the functions a home is expected to
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support. Building on earlier housing and bathroom applications of IPA [25,26], this study
connects the four study-defined domains with paired importance and satisfaction ratings
in one community. The intended contribution is to explain how broad domain appraisals
relate to perceived shortfalls in individual attributes; it does not provide a new test of the
competence—press mechanism.

Accordingly, this study uses IPA based on 361 valid questionnaires to compare older res-
idents’ perceived importance of and satisfaction with the 17 indicators to identify perceived
concerns for subsequent technical and economic assessment. It addresses three research
questions: (1) How do importance and satisfaction differ across the four criterion-level
dimensions and 17 indicator-level attributes? (2) Which dimensions and indicators fall
within the high-importance-low-satisfaction priority-improvement quadrant? (3) What
provisional priorities for further assessment and planning do these ratings suggest when
resources are limited? Section 2 describes the case, derives 20 candidate indicators from the
literature and contextualises them through fieldwork, reports expert scoring by 9 specialists
and mean-based expert screening used to retain the 17 indicators (the coefficient of variation
is reported as a descriptive indicator of expert agreement and was not used as an additional
retention threshold), and explains the resident survey and IPA procedure. Section 3 presents
the criterion-level and indicator-level IPA matrix results. Section 4 interprets the findings
and discusses the study limitations. Section 5 synthesises the main findings, theoretical
contributions and applications for relevant stakeholders.

2. Materials and Methods
2.1. Study Setting and Literature-Based Candidate Indicators

Shanghai was the first Chinese city to enter an ageing society and remains one of
the country’s most deeply aged cities [42,43]. Consistent with this trend, Chongming
District’s ageing rate exceeded the municipal average, and Chongming had the city’s highest
proportion of residents aged 80 years or older [5,43]. These demographic characteristics
make Chongming an appropriate setting for examining home-modification priorities under
advanced population ageing.

This study focuses on Xinhai Community in Xinhai Town, Chongming District, Shang-
hai. Established in the 1980s, Xinhai was among the city’s earliest large-scale residential
developments. Its ageing housing stock and increasingly obsolete facilities and equipment
reflect conditions common to Shanghai’s older urban communities [44]. The community
comprises 1885 households and 5166 residents [5]. Since 2019, Shanghai has progres-
sively implemented age-friendly home modification programmes in established residential
communities. In Xinhai, these programmes have combined universal-access measures
with targeted modifications to entrances, bedrooms, bathrooms, kitchens, living rooms,
and balconies. These characteristics make Xinhai a relevant case for examining perceived
importance and satisfaction with current home conditions in an older urban community.

Xinhai Community was selected because it offers a representative and analytically
informative case and provides a setting for studying residents’ assessments of current home
conditions. The study includes residents reporting both previous modification and no pre-
vious modification. Its ageing housing stock, obsolete facilities and equipment, and location
within Chongming’s exceptionally old population reflect the challenges confronting many
established urban communities. Residents” perceptions of their current living conditions
and the extent to which these conditions meet their needs remain largely unexamined.
Taken together, advanced population ageing, deteriorated housing, and the local modifica-
tion programme make Xinhai well suited to assessing residents’ perceptions of their current
home environment, identifying persistent performance gaps, and deriving practical lessons
for comparable communities in Shanghai and other rapidly ageing Chinese cities.
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Indicator development comprised literature-based candidate identification, contextu-

alisation in Xinhai Community, and expert screening. First, the competence—environmental

press perspective and the concepts of accessibility and usability provided the theoretical ba-

sis for identifying dwelling attributes relevant to changing functional abilities [14,15,25,26].

Home-modification research and design studies supplied candidate features addressing

movement, self-care, household tasks, and continued residence [23,29,45]. The initial pool

comprised 20 indicators. Table 1 presents the conceptual scope of each candidate indicator

and the supporting literature.

Table 1. Conceptual scope and literature source of 20 indicators.

Factor Name

Conceptual Scope

Literature Source Factor Name

Conceptual Scope

Literature Source

. Mechanical vertical The perceived
Add staircase . .
elevator or access where stairs Facility usability of
residential restrict movement [24,29,45-47] operabilit household facilities [19,20,29,45,48]
clevator between floors or P y for completing
access to the home everyday activities
A domestic
Aesthetics and appearance that Grab-bar and Graspable supports
preservation of respects personal [16,45,49,50] handrail svstem for movement, [23,26,29,45,51]
dignity preferences, privacy, y balance, and transfers
and identity
Slip-resistant surfaces High-durability Durable, serv1.ce.ab1e
Anti-sli or treatments and materlals and finishes
P X ' [23,26,29,45,51] : that limit recurring [52-55]
measures particularly on floors low-maintenance upkeep and
exposed to water design preep
replacement demands
Visual differentiation Indoor pathway Clear, level routes
Appropriate of steps, flxtures., [23,45,46,56,57] width & with sufficient width [21,29,45,46,51]
color contrast controls, and their Smoothness for movement and
surroundings mobility aids
Entrances and Accessible work
Barrier-Free thresholds that Kitchen surfaces, storage, and
entrance,/Exit minimise obstacles to [20,24,29,45,46] operation appliances for food [20,45,46,48,58]
entering or leaving convenience preparation and
the dwelling household tasks
Spatial arrangements Ilumination that
that accommodate
Bedroom & daily activities Lighting & makes routes,
Living room Y activities, [16,20,45,46,59] she obstacles, and [23,29,45,51,60]
mobility aids, and Visibility .
layout . g everyday tasks easier
assistance within the to see
dwelling
. Practical feducatlon on Daylight and air
Caregiver assistance, AR
burde%n probler'n—solvmg, and [46,59,61,62] Natural 1'1g}?tmg components of a [45,55,63,64]
education environmental & Ventilation .
. comfortable indoor
support adaptation for care at .
home environment
Substantial,
Controls such as permanent alterations
Easy-to-operate Reconstruction to the building fabric
handles, taps, and
fixtures and switches :cha ¢ r,e uire [29,45,46,48,58] of the building to address physical [46,55,64,65]
facilities . q . structure barriers or
little force or dexterity .
deteriorated
conditions
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Table 1. Cont.
Factor Name Conceptual Scope Literature Source Factor Name Conceptual Scope Literature Source
Accessible call or Usgble toilet and
Emergenc alarm systems for Restroom bathing spaces that
& . y . Y . [46,66-68] s accommodate access, [26,29,45,46]
rescue facilities obtaining assistance accessibility
. o transfers, and
during an incident
self-care
. FL%rmtur'e heights, Thermal comfort and
Ergonomic- dimensions, and Temperature & rotection from
Furniture support suited to [45,46,58] p . .p . [63,64,69]
s . , . Soundproofing disturbing indoor or
adaptability residents’ body size,

posture, and reach

external noise

Preliminary observations and resident accounts in Xinhai Community supplied the local context for
interpreting these literature-derived attributes, including circulation barriers, wet-area hazards, and
poorly configured task spaces.

2.2. Establishing Evaluation Indicators

Through on-site observations, a questionnaire survey, and face-to-face interviews
conducted in Xinhai Community, this study identified several problems relating to its
indoor environment and facilities. These included structural hazards within the building
fabric, unsafe flooring and barriers to circulation, slip-and-fall risks in toilet and bathing
areas, inadequate lighting and visual legibility, a lack of age-friendly assistive facilities,
and poorly configured storage and operational spaces. These preliminary observations
contextualised the 20 literature-derived candidates described in Section 2.1.

The study examined older residents’ ratings of the importance of, and satisfaction with,
age-friendly home modification attributes in Xinhai Community. The 20 literature-derived
candidates described in Section 2.1 were considered in relation to the initial field observa-
tions before expert screening. A panel of 9 experts (3 in architecture, 3 in interior design,
and 3 in related disciplines) then rated the importance of each candidate home modification
indicator on a five-point Likert scale from 1 (“not important”) to 5 (“extremely important”).

For each candidate home modification indicator, the mean, standard deviation, and
coefficient of variation were calculated (Table 2). The coefficient of variation was calculated
and reported as a descriptive indicator of the dispersion of expert ratings; it was not used as
an additional inclusion threshold. Indicators with a mean score of at least 3 were retained
(17 of 20 candidates; retained means, 3.44—4.44). The three candidates below 3.00 were
excluded: addition of a staircase or residential elevator (2.56), appropriate color contrast
(2.44), and reconstruction of the building structure (2.33; Table 3). The final 17-indicator
framework assesses perceived importance and satisfaction with current home-environment
attributes at the criterion and indicator levels.

Table 2. Formula for screening ageing-friendly factors.

Formula Name
n
M=1y X, Mean
i=1
SD = 1’ Y (Xi=-M)? Standard deviation
- n—1
C, = % Coefficient of variation

M denotes the mean importance rating assigned by the experts; X; denotes the importance rating
assigned by an expert i; SD denotes the standard deviation of the importance ratings; C, denotes the
coefficient of variation in the importance ratings; and n denotes the number of valid expert responses.
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Table 3. Expert ratings of ageing-friendly factors.
Standard Coefficient Standard Coefficient
Factor Name Mean Deviation of Variation Factor Name Mean Deviation of Variation
Grab-bar and 444 0.53 0.12 Emergency rescue 3.89 0.78 0.20
handrail system facilities
Anti-slip measures 4.4 0.53 0.12 Lemperature & 3.78 0.67 0.18
Soundproofing
Ergonomic-
Lighting & Visibility 4.33 0.50 0.12 Furniture 3.67 0.87 0.24
adaptability
Indoor pathway Caregiver burden
width & Smoothness 422 0-67 016 education support 3.67 087 0-24
Barrier-Free Aesthetics and
. 4.22 0.67 0.16 preservation of 3.56 0.73 0.20
entrance/Exit L.
dignity
Natural hghting & 422 0.44 0.10 Bedroom & Living 344 0.88 026
Ventilation room layout
Restroom High-durability and
- 4.22 0.83 0.20 low-maintenance 3.44 0.73 0.21
accessibility ;
design
Easv-to-operate Add staircase
. y P ere 4.00 0.71 0.18 elevator or 2.56 0.53 0.21
fixtures and facilities ) .
residential elevator
Kitchen oPeration 389 0.78 0.20 Appropriate color 244 0.73 0.30
convenience contrast
Facility operability ~ 3.89 0.78 0.20 Reconstruction of the ) 55 0.50 0.21

building structure

The 17 factors were organized into four criterion-level dimensions: safety (A), inde-
pendence (B), comfort (C), and sustainability (D). The safety dimension comprises four
factors, the independence dimension five factors, the comfort dimension four factors, and
the sustainability dimension four factors. Collectively, these factors provide a comprehen-
sive framework for evaluating the age-friendly retrofitting of interior spaces and offer an
evidence base for interventions aimed at improving older adults” quality of life.

Within the competence-environmental press framework, they represent attributes
that may reduce demands imposed by the dwelling and improve person-environment fit
as residents’ functional capacities change [14,15,18]. After expert screening, the retained
indicators were assigned to Safety, Independence, Comfort, or Sustainability according to
their primary intended contribution to ageing in place, while recognising overlap between
functions. Safety (indicators 1-4) groups anti-slip measures, grab bars and handrails,
clear indoor pathways, and emergency facilities because these attributes primarily concern
injury prevention or access to assistance when an incident occurs. Appropriately targeted
home-hazard reduction can reduce rates of falls and fall-related injuries, particularly among
older adults at elevated risk [10,23]. Independence (indicators 5-9) groups entrance access,
restroom accessibility, kitchen convenience, facility operability, and easy-to-use fixtures
because these attributes support entering the home and completing basic and instrumental
activities of daily living with less assistance. Comfort (indicators 10-13) groups thermal
and acoustic conditions, daylight and ventilation, ergonomic furniture, and aesthetics
and dignity because they concern bodily ease and the psychological experience of home,
including privacy and identity [16,49]. Sustainability (indicators 14-17) groups room
layout, lighting and visibility, caregiver education support, and durable, low-maintenance
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design because they concern continued usability, adaptation, upkeep, and support for
remaining at home as needs change [13,15].

Sustainability is used here to mean the continuity of ageing in place, rather than
measured environmental life-cycle performance. Room layout (14) concerns space that
can accommodate changing mobility and assistance needs, whereas lighting and visibility
(15) concern the usability of that space as vision changes [45]. This distinguishes indicator
15 from Natural Lighting and Ventilation (11), which addresses the ambient experience
of daylight and air movement. Caregiver education (16) represents a support service for
sustaining home care; trials of environmental education and skill-building with families of
people with dementia support its conceptual inclusion [59,61], but the present rating does
not measure a reduction in caregiver burden. Durability and maintenance (17) address the
material and practical demands of keeping a dwelling usable over time [52].

These allocations are analytical choices rather than exclusive functional boundaries.
Lighting, layout, and furniture can also contribute to safety or independence. Facility Oper-
ability (8) concerns usability in carrying out activities, whereas Easy-to-operate Fixtures
and Facilities (9) focuses on manipulating individual controls. Each retained indicator
contributes to one dimension in the reported composite scores (Table 4); this assignment
does not demonstrate that the dimensions are independent latent constructs. The three can-
didates excluded by expert scoring remain relevant in the broader literature: their exclusion
reflects the local screening rule, not evidence that elevators, visual contrast, or substantial
building alterations are universally unimportant.

Table 4. Satisfaction-importance evaluation system.

Criterion Level Indicator Level

Anti-slip Measures (1)
Grab-bar and handrail system (2)
Indoor Pathway Width & Smoothness (3)
Emergency Rescue Facilities (4)

Safety (A)

Barrier-Free Entrance/Exit (5)
Restroom Accessibility (6)
Independence (B) Kitchen Operation Convenience (7)
Facility Operability (8)
Easy-to-operate fixtures and facilities (9)

Temperature & Soundproofing (10)
Natural Lighting & Ventilation (11)
Ergonomic Furniture Adaptability (12)
Aesthetics and preservation of dignity (13)

Comfort (C)

Bedroom & Living Room Layout (14)
Lighting & Visibility (15)
Caregiver burden education support (16)
High-durability and low-maintenance design (17)

Sustainability (D)

2.3. Research Methods

All resident-rated items used a five-point Likert scale. For importance, the anchors
were 1 = “not important”, 2 = “slightly important”, 3 = “moderately important”, 4 = “very
important”, and 5 = “extremely important”. For satisfaction with current performance,
the anchors were 1 = “very dissatisfied”, 2 = “dissatisfied”, 3 = “neutral”, 4 = “satisfied”,
and 5 = “very satisfied”. Higher scores indicated greater perceived importance or better
perceived performance. For the satisfaction scale, the midpoint 3 represented a neutral
response. No items were reverse-scored. Dimension-level composite scores were calculated
as unweighted arithmetic means of the item scores within each dimension.
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This study employed a stratified random sampling design. The sampling frame was
constructed based on the official register of all individuals aged 60 and above provided by
the Xinhai Community Residents Committee as of March 1, 2024. All eligible individuals
were assigned a unique identification number. The survey framework was stratified by
age group (60-69 years, 70-79 years, and >80 years) and gender. The target number
of questionnaires distributed was 485, proportionally allocated to each stratum using the
formula n;, = 485x % The initial sampling procedure was conducted at the individual level.
If the random selection resulted in multiple eligible residents from the same household, a
random number table was used to select exactly one respondent from that household. This
one-respondent-per-household rule was implemented to prevent intra-household clustering
and minimize respondent burden, and it was strictly executed by interviewers, who were
not permitted to replace or add participants themselves. Because multi-member households
were thinned by random selection after individual-level sampling, the rule introduced a
deviation from strict equal-probability sampling. We did not derive or apply design weights
to adjust for this deviation. The final sample distribution was compared with the sampling
frame by age and sex; because the deviations were minor, no post-stratification weights
were applied. All analyses (including the importance—performance analysis and paired
t-tests) were therefore conducted using unweighted respondent-level data, and variance
estimation followed standard simple random sampling procedures (df =#n — 1 = 360). This
unweighted approach does not adjust for possible unequal inclusion probabilities induced
by the one-respondent-per-household rule, and the reported standard errors and confidence
intervals should be interpreted with this limitation in mind. 66 records did not result in an
initially usable questionnaire: 28 refused to participate, 20 could not be contacted after three
attempts, 8 had relocated, 4 did not meet the inclusion criteria (severe cognitive impairment),
and 6 abandoned the survey midway. This yielded 419 initially usable questionnaires. The
questionnaires recorded residents’ perceived importance and satisfaction with each indicator.
After data screening using IBM SPSS Statistics version 26.0, 58 questionnaires were excluded,
resulting in a final sample of 361 valid questionnaires (86.16%) included in the analysis.
Of the 58 questionnaires excluded after data screening, 16 were excluded for excessive
omissions, 13 for duplicate identifiers, 8 for shared IP addresses, 15 for identical start and end
times, and 6 for identical or highly similar response sequences. These records were excluded
on data-quality grounds rather than as sampling non-respondents. A formal comparison
of their demographic and dwelling characteristics with the 361 retained cases was not
performed because the exclusion categories did not yield a consistent analytic dataset:
records with excessive omissions lacked complete item-level data, duplicate-identifier
and shared-IP records could not be treated as independent observations, and records
with identical timing or response sequences were flagged as unreliable. The exclusion
log recorded reason codes and counts but did not provide a comparable set of complete
demographic and dwelling variables for formal testing. Accordingly, the 58 exclusions
were not used to estimate selection effects, and the retained sample was analysed as the
complete-case dataset. The questionnaire contained 34 rating items—17 importance items
and 17 satisfaction items—in addition to demographic and residential questions. The
demographic and residential characteristics of the final analysis sample are summarized
in Table 5. Previous home renovations were recorded as a binary characteristic in the
questionnaires (Table 5). The indicator ratings were not linked to specific modifications,
their completion dates, or respondents’ use of the relevant facilities or equipment. The
summarized IPA indicators describe the current state and do not estimate changes after
renovations or compare different types of interventions.
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Table 5. Demographic and dwelling characteristics of participants (1 = 361).

Variable Category n Percentage (%)
60-69 years 149 413
Age group 70~79 years 134 37.1
>80 years 78 21.6
Male 177 49.0
Sex
Female 184 51.0
Owner-occupied housing 323 89.5
Housing tenure
Rental housing 38 10.5
Apartment building 313 86.7
Dwelling type
Other residential types 48 13.3
Yes 257 712
Previous modification
No 104 28.8
Yes 65 18.0
Mobility-aid use
No 296 82.0
Living alone 84 23.3
Living arrangement Living with spouse 142 39.3
Living with family members 135 37.4

The screening criteria were established before reviewing the analysis results. Potential
duplicate submissions or careless responses were flagged using four checks: (1) repeated
names, email addresses, telephone numbers, or WeChat/QQ identifiers; (2) multiple sub-
missions from the same IP address; (3) identical start and end times across submissions,
recorded to the minute; and (4) identical responses to all 34 items or matching responses
to more than 70% of the items. These flags were not immediately excluded; rather, they
triggered a verification process. Records flagged with identical identifiers or matching IP
addresses were cross-checked against the phone numbers and interview logs. A record
was confirmed as a duplicate submission only if it shared both the same IP address/time
signature and identical demographic details with an earlier valid record. For confirmed
multiple submissions, the first valid submission was retained. Careless responses were
confirmed when identical answer sequences were paired with an implausibly short com-
pletion time (e.g., under 5 min). Only after this verification process were the 58 records
removed. For the 361 retained cases, data screening indicated no missing responses across
the 34 items. Therefore, no imputation was performed, and the complete-case dataset
was used for all analyses. The 16 records with excessive omissions were removed at the
data-quality screening stage and are not part of the 361 retained complete cases.

Importance and satisfaction data were linked within each of the 361 retained respon-
dents. For the criterion-level analysis in Table 6, importance and satisfaction composite
scores were first calculated separately for each respondent as the unweighted arithmetic
means of the indicator ratings within each dimension: Safety, indicators 1-4; Independence,
indicators 5-9; Comfort, indicators 10-13; and Sustainability, indicators 14-17 (Table 4).
Thus, each respondent contributed one importance composite and one satisfaction compos-
ite for each dimension.
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Table 6. Paired-samples t-test statistics for criterion level.

. . Pairs  Satisfaction (P)  Importance (I) Mean Difference o ~ Pearson’s
Dimension (n) Mean Rank  Mean  Rank (P—1) 95% CI t-Value p-Value df .
Safety (A) 361 291 3 4.12 1 -1.215 [-1.258, —1.171] —54.582 <0.001 360 0.672

Independence 50, 5 57 4 386 2 1186 2807 1 7
B . . 1. [~1230,-1.142] —52807 <0001 360  0.700

Comfort (C) 361 3.51 1 3.53 4 —0.020 [—0.070, 0.030] —0.789 0.431 360 0.643

S“Sta(‘ga;blllty 361 3.00 2 366 3 —~0.661 [~0.708, —0.615] —27.826 <0.001 360  0.709

Note: P = satisfaction; I = importance; “Pearson’s r” denotes the correlation between paired P and
I scores, not a test of their mean difference. The 95% confidence intervals for P — I are reported
in the text. Each of the 361 pairs comprises the satisfaction and importance composite scores of
the same respondent for the same dimension (df = 360). All tests are two-sided and unadjusted
for multiple testing. Mean differences and tests were calculated from unrounded respondent-level
composite scores. The revised IPA crosshairs and sensitivity checks use the reported two-decimal
means: importance = 3.7925 and satisfaction = 3.0225. These reconstructed crosshairs are distinct
from the unrounded scores used for the paired tests.

Data were analyzed using IBM SPSS Statistics version 26.0. The 17 items measuring
perceived importance demonstrated excellent overall internal consistency (Cronbach’s alpha
= 0.883), as did the 17 items measuring satisfaction (Cronbach’s alpha = 0.887). At the
dimension level, the Cronbach’s alpha values for the importance and satisfaction scales
were, respectively: Safety (0.764 and 0.739), Independence (0.774 and 0.790), Comfort
(0.750 and 0.790), and Sustainability (0.775 and 0.808). These results indicate acceptable to
good internal consistency for both constructs across all four study-defined domains. For
Table 6, each respondent’s satisfaction composite was paired with that same respondent’s
importance composite for the same dimension. Four two-sided paired-samples ¢-tests, one
per dimension, tested whether the population mean within-respondent difference (P — I)
was zero. The same procedure was applied separately to each of the 17 indicators (Table 7).
Each test used 361 matched pairs (df = 360); the unit of analysis was the respondent. The
t statistic was the mean paired difference divided by its standard error, calculated as the
standard deviation of the 361 paired differences divided by the square root of 361. Two-
sided 95% confidence intervals for the mean paired differences were calculated using the ¢
distribution with 360 degrees of freedom. Tests used a two-sided significance level of 0.05,
without adjustment for multiple comparisons; paired-test calculations used unrounded
respondent-level composite or individual-indicator scores. The mean satisfaction scores
were compared across factors and interpreted with reference to the Likert-scale response
categories to identify perceived deficiencies in current home conditions. (This descriptive
analysis reflects residents’ assessments of their current living environments and does not
estimate the specific effects of previously implemented modifications, as the sample includes
residents with and without such experience.) Importance-performance analysis (IPA) was
subsequently employed to examine the relationship between the importance and satisfaction
scores of each factor, with satisfaction serving as the measure of performance. The resulting
classifications were used to identify provisional priorities for local assessment across four
dimensions: safety, independence, comfort, and sustainability. Potential improvement
strategies are discussed in Sections 4 and 5. However, intervention costs, available budgets,
technical feasibility, number of beneficiaries, expected effects, and dependencies between
interventions were not included in the analysis. No cost-effectiveness analysis or budget-
constrained optimisation was performed.

https://doi.org/10.3390/su182111200


https://doi.org/10.3390/su182111200

Sustainability 2026, 18, 11200 13 of 28
Table 7. Paired-samples t-test statistics for indicator level.
. . Mean
Criterion Level Factor S(a ltjl)s f&cmm In}p(;\r/[tance Difference  Pearson’s r t-Value p-Value
ean (I) Mean (P-1)
Anti-slip Measures (1) 2.31 4.25 —1.939 0.372 —46.431 <0.001
Grab-bar and handrail system (2) 244 4.15 —1.709 0.442 —41.310 <0.001
Safety (A) Indoor Pathway Width & 2.25 418 ~1.931 0.369 —45378  <0.001
Smoothness (3)

Emergency Rescue Facilities (4) 4.64 3.92 0.720 0.351 20.479 <0.001
Barrier-Free Entrance/Exit (5) 2.54 4.03 —1.490 0.419 —37.413 <0.001
Restroom Accessibility (6) 241 4.08 —1.670 0.362 —39.051 <0.001
Independence (B) Kitchen Operation Convenience (7) 2.82 3.69 —0.870 0.502 —21.195 <0.001
Facility Operability (8) 291 3.83 -0.920 0.417 —21.735 <0.001
Easy-to-operate fixtures and 2.67 3.65 —0981 0414 ~22231  <0.001

facilities (9)
Temperature & Soundproofing (10) 3.43 3.67 —0.241 0.380 —5.779 <0.001
Natural Lighting & Ventilation (11) 3.42 3.78 —0.360 0.405 —8.501 <0.001

Ergonomic Furniture
Comfort (C g
omfort (C) Adaptability (12) 3.73 3.35 0.382 0.409 8.694 <0.001
Aesthetics and preservation of 346 3.32 0.139 0.367 3.164 0.002

dignity (13)
Bedroom & Living Room Layout (14) 2.63 3.82 -1.191 0.445 —27.845 <0.001
Lighting & Visibility (15) 2.71 3.93 —1.222 0.416 —30.516 <0.001
Sustainability (D) Caregiver burden education 3.81 3.65 0.158 0.495 4.087 <0.001

support (16)
High-durability and 2585 324 ~0.391 0460 ~9.09 <0001

low-maintenance design (17)

IPA thresholds were defined by the arithmetic mean of the coordinates at each analysis
level. Let Q denote importance (I) or satisfaction (P), and let Q,; be respondent r’s score for
unit k. At the criterion level, each unit is a dimension composite as defined above (K = 4);
at the indicator level, each unit is an individual indicator (K = 17). The coordinate means
and crosshairs were calculated as follows (n = 361):

_ 1 361 1K _
Q= EZ Quw cox = EZ Qx
r=1 k=1

Importance is plotted on the horizontal axis and satisfaction on the vertical axis (Fig-
ure 1). Scores strictly above or below each crosshair were classified as high or low, respec-
tively; exact ties were treated as boundary cases. Mean-based centering was selected to
identify relative priorities within this community. It does not define an absolute minimum
standard or imply that below-average importance is unimportant. The same rule was applied
at both levels: dimensions receive equal weight at the criterion level, whereas indicators
receive equal weight at the indicator level. Because Independence contains five indicators
and the other dimensions contain four each, the numerical crosshairs differ slightly.

The revised plots and robustness calculations were reconstructed from the two-decimal
means in Tables 6 and 7. The resulting crosshairs are importance 3.7925 and satisfaction
3.0225 at the criterion level, and importance 3.7965 and satisfaction 3.0018 at the indicator
level. They are reported as approximate reconstructions of the unrounded sample crosshairs.
Under rounding to the nearest 0.01, each reconstructed crosshair differs from its unrounded
value by at most 0.005; a centered coordinate differs by at most 0.01(1 - %) All baseline
classifications remain unchanged within these rounding bounds.
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Figure 1. IPA Scatter Plot.

Threshold sensitivity was assessed with the reported coordinate means held fixed.
At the indicator level, we compared the mean-based classification with fixed crosshairs
of importance 3.75 and satisfaction 3.00. At both levels, we compared the mean-based
classification with the scale-midpoint rule (importance = satisfaction = 3.00) and varied the
two mean-based crosshairs independently over +0.05 and +0.10 points, small perturbations
on the 1-5 scale, to identify units that could cross either line. These are deterministic
sensitivity scenarios, not confidence intervals or probabilities of quadrant membership.

Sampling uncertainty was assessed conservatively from the reported means and sample
size, conditional on independent respondents and ratings bounded between 1 and 5. For
each unit and axis, the respondent-level contrast below accounts for uncertainty in both the

coordinate and the estimated crosshair; its range has width 8(1 — %)

1& - —
Zj=Q— K]; Qus Z;j=Q; —cqx

Applying Hoeffding’s inequality and a union bound over the two axes gives joint cov-
erage of at least 95% for one unit’s two population-centered coordinates, without assuming
independence among that respondent’s item ratings. The sampling half-width Hy and
rounding allowance Ry are as follows:

1 !1n(4/0.05). _ 1
Hy = 8(1 - K) 3 Re= 0.01(1 - K)

Each reported centered coordinate was expanded by +(Hyg + Rg). A quadrant was
supported by these bounds only if both axis intervals excluded zero in the directions
defining that quadrant. Coverage is joint for the two axes of one unit, not simultaneous
across all units. These worst-case bounds require no estimated covariance matrix and are
deliberately conservative; they do not provide empirical quadrant probabilities or replace
respondent-level resampling.

Using these methods, the study characterised residents’ assessments of the importance
of and satisfaction with age-friendly home modification indicators and assessed residents’
perceptions of their current home conditions in an older urban community. The findings
provide an evidence base for improving older adults” quality of life and the age-friendliness
of home environments in older communities. The findings identify preliminary intervention
areas that require subsequent technical and economic assessment before implementation or
funding decisions.
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3. Results
3.1. Criterion-Level Importance—Performance Analysis of Age-Friendly Home Modifications

To describe the empirical sample and clarify the background distribution of the sur-
veyed population, this section presents the basic demographic and housing-related charac-
teristics of 361 valid respondents (Table 5), including age group, gender, housing ownership,
housing type, previous renovation experience, use of mobility aids, and residential arrange-
ments. Participants were all from the Xinhai Community in Shanghai, China. Previous
modification was reported by 257 respondents (71.2%), while 104 (28.8%) reported none.
Thus, the sample includes residents with and without a reported history of modification.

Table 6 reports within-respondent comparisons of importance and satisfaction compos-
ite scores from the same 361 respondents, with 361 matched pairs and 360 degrees of freedom
in each dimension. Analysis of the questionnaire data using SPSS showed that among the
four criterion-level dimensions—safety, independence, comfort, and sustainability—older
residents assigned the greatest importance to safety (A, I = 4.12), followed in descending
order by independence (B, I = 3.86), sustainability (D, I = 3.66), and comfort (C, I = 3.53).
In terms of satisfaction, comfort (C, P = 3.51) received the highest rating, followed by
sustainability (D, P = 3.00), safety (A, P = 2.91), and independence (B, P = 2.67). The
correlations between paired importance and satisfaction scores were 0.672 for Safety, 0.700
for Independence, 0.643 for Comfort, and 0.709 for Sustainability (Table 6).

Using the sample-mean crosshairs in the criterion-level IPA matrix (Figure 2),
Safety (A) and Independence (B) were located in the high-importance-low-satisfaction
priority-improvement quadrant, Comfort (C) in the low-importance-high-satisfaction extra-
resource quadrant, and Sustainability (D) in the low-importance-low-satisfaction secondary-
improvement quadrant. These are relative classifications under the stated crosshairs; they
do not establish an expenditure ranking or demonstrate that Comfort receives excess re-
sources. Paired-samples tests showed lower satisfaction than importance for Safety (P —
I = —-1.215,95% CI [-1.258,—1.171], £(360) = —54.582), Independence (P — I = —1.186,
95% CI [-1.230,—1.142], t(360) = —52.807), and Sustainability (P — I = —0.661, 95% CI
[—0.708,—0.615], t(360) = —27.826; all p < 0.001). The difference for Comfort was not statisti-
cally significant (P — I = —0.020, 95% CI [-0.070,0.030], t(360) = —0.789, p = 0.431; Table 6).
These within-dimension tests do not compare gap magnitudes between dimensions, and
statistical significance does not determine IPA quadrant membership.

e '
Comfort '

3.40

m I
Extra Resource Area | Good Condition Area

3.00 L]
Sustainability

Mean of Satification

. Safety

a
m ! Independence
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360 380 4.00 420

Mean of Importance

Figure 2. IPA Scatter Plot at Criterion Level. Crosshairs: importance ~ 3.7925; satisfaction ~ 3.0225.
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The criterion-level classification was sensitive near the crosshairs. Sustainability was
only 0.0225 satisfaction points below the horizontal threshold and could move from sec-
ondary improvement to the extra-resource quadrant within the +0.05 perturbation. At
10.10, Independence could also move from priority to secondary improvement because its
importance margin was 0.0675; Safety and Comfort retained their quadrants. Under fixed
midpoint crosshairs of 3.00 on both axes, Safety and Independence remained priorities,
Comfort moved to good condition, and Sustainability lay on the satisfaction boundary at
the reported precision.

3.2. Indicator-Level Importance—Performance Analysis of Age-Friendly Home Modifications

At the indicator level, the five attributes with importance scores above 4.00 were Anti-slip
Measures (1, I = 4.25), Grab-bar and Handrail System (2, I = 4.15), Indoor Pathway Width and
Smoothness (3, I = 4.18), Barrier-Free Entrance/Exit (5, I = 4.03), and Restroom Accessibility
(6, I = 4.08); all five received low satisfaction scores (P = 2.25 — 2.54). Emergency Rescue
Facilities (4) recorded the highest satisfaction score (P = 4.64, [ = 3.92). Satisfaction also
exceeded importance for Ergonomic Furniture Adaptability (12, P = 3.73, I = 3.35), Aesthetics
and Preservation of Dignity (13, P = 3.46, I = 3.32), and Caregiver Burden Education Support
(16, P = 3.81, I = 3.65), whereas all remaining indicators had negative satisfaction-importance
gaps (Table 7).

The paired tests identified 13 negative mean satisfaction-importance differences (all
p < 0.001) and four positive differences for indicators 4, 12, 13, and 16 (p = 0.002 for indicator
13; p < 0.001 for the other three). The reported importance—satisfaction correlations were
positive for all 17 indicators, ranging from 0.351 for Emergency Rescue Facilities (4) to
0.502 for Kitchen Operation Convenience (7). In Tables 7 and 9-12, p-values below 0.001
are reported as p < 0.001. Mean paired differences use unrounded scores and may differ
slightly from subtraction of the displayed two-decimal means.

Figure 3 and Table 8 identify eight priority-improvement indicators (1, 2, 3, 5, 6, 8,
14, and 15), three secondary-improvement indicators (7, 9, and 17), five extra-resource
indicators (10, 11, 12, 13, and 16), and one good-condition indicator (4).
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Figure 3. IPA scatter plot at indicator level. Crosshairs importance = 3.7965; satisfaction ~ 3.0018.
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Table 8. IPA quadrant classifications of indicator-level factors.
Priority Improvement Area Factors  Secondary Improvement Area Factors Extra Resource Area Factors Good Condition Area Factors
Temperature & Soundproofing Emergency Rescue Facilities

Anti-slip Measures (1)

Grab-bar and handrail system (2)

Indoor Pathway Width &
Smoothness (3)

Barrier-Free Entrance/Exit (5)

Restroom Accessibility (6)

Facility Operability (8)
Bedroom & Living Room Layout

(14)
Lighting & Visibility (15)

Kitchen Operation Convenience (7) (4)
Easy-to-operate fixtures and facilities ~ Natural Lighting & Ventilation
9) (11)

High-durability and low-maintenance Ergonomic Furniture
design (17) Adaptability (12)
Aesthetics and preservation of
dignity (13)

Caregiver burden education
support (16)

Note: Classifications use the mean-based crosshairs (importance ~ 3.7965; satisfaction ~ 3.0018).
Quadrants are descriptive categories, not a strict ordering of expenditure.

Compared with fixed crosshairs of importance 3.75 and satisfaction 3.00, mean-based
centering changed only Natural Lighting and Ventilation (11), from good condition to the
extra-resource quadrant; the eight priority indicators were unchanged. With independent
10.05 or £0.10 shifts in the mean-based crosshairs and the reported means held fixed, 14
of 17 indicators retained their quadrants throughout each range. The sensitive indicators
were Facility Operability (8), Natural Lighting and Ventilation (11), and Bedroom and
Living-Room Layout (14), whose importance margins were +0.0335, —0.0165, and +0.0235,
respectively. Indicator 8 was also only 0.0918 satisfaction points below the horizontal
crosshair. Six of the eight priority indicators (1, 2, 3, 5, 6, and 15) retained priority status
throughout the £0.10 perturbations.

The alternative scale-midpoint rule classified 11 indicators (1, 2, 3, 5,6, 7, 8,9, 14, 15,
and 17) as priority improvement and the remaining six (4, 10, 11, 12, 13, and 16) as good
condition. Thus, all eight mean-based priorities remained priorities, while three additional
indicators entered that category. This broader classification reflects the different question
addressed by an absolute scale midpoint: all reported importance means exceeded 3.00.

The conservative joint 95% sampling bounds, including rounding allowances, had
half-widths of 0.4749 at the criterion level and 0.5960 at the indicator level. None of the
four dimensions or 17 indicators had both centered-coordinate intervals exclude zero;
these summary-data bounds therefore did not establish any population-level quadrant.
For indicator 11, the importance margin was —0.0165 (bound [—0.6125,0.5795]) and the
satisfaction margin was +0.4182 (bound [—0.1778,1.0142]). This inconclusive result reflects
the conservatism of the bounds and is not evidence that every classification is unstable.
The paired satisfaction—importance tests in Tables 6 and 7 address a different contrast and
cannot establish sampling robustness of quadrant membership.

4. Discussion

Safety (A) received the highest importance rating (I = 4.12) but relatively low satisfaction
(P =291), producing the largest observed criterion-level gap (P — I = —1.215). Within envi-
ronmental press theory, these attributes can be interpreted as potential demands on residents’
balance, mobility, or vision [14,15]. The present data identify perceived safety concerns but
do not establish which personal capacities or physical hazards account for the ratings.

The contrast between the favourable rating for Emergency Rescue Facilities and the
shortfalls in circulation and floor safety raises a question about how residents appraise
different home functions. Differences in installation, usability, maintenance, or residents’
needs could each contribute to these appraisals; the survey cannot separate these explana-
tions. Conversely, Comfort (C) combined the lowest relative importance (I = 3.53) with
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the highest satisfaction (P = 3.51; P — I = —0.020). A lower relative importance score for
Comfort does not establish that residents regard it as dispensable. The Comfort pattern
does not demonstrate that residents suppressed their expectations, because expectations
and changes in them were not measured. Explanations based on adaptation or a greater
benefit from readily installed equipment remain hypotheses for future investigation.

For resource planning, the eight indicators in the priority-improvement quadrant
identify preliminary intervention areas, not a ranked list of projects. Gap magnitude,
statistical significance, and threshold stability do not measure expected intervention benefit
or value for money. Decisions require a subsequent appraisal of feasible options against an
explicit budget, with implementation and maintenance costs, likely numbers of beneficiaries,
expected effects and their uncertainty, and dependencies between measures. These inputs
were not analysed here. The IPA results should therefore inform consultation and assessment
before funding priorities are set.

4.1. Safety Analysis

The safety results identify perceived shortfalls in floor safety, support facilities, and cir-
culation. Anti-slip Measures (1, P =2.31,1 =425, P — [ = —1.939, t(360) = —46.431),
the Grab-bar and Handrail System (2, P = 2.44, I = 415, P — I = —1.709, t(360) =
—41.310), and Indoor Pathway Width and Smoothness (3, P =2.25,1 =4.18, P — I = —1.931,
£(360) = —45.378) were all in the low-satisfaction-high-importance quadrant (paired-gap
tests: all p < 0.001; Table 9; Figure 4). Reported field observations of raised thresholds, nar-
row passages, discontinuous floor levels, and potentially slippery finishes identify possible
issues for follow-up inspection. Preliminary field observations suggest that circulation and
flooring warrant closer inspection, but they were not linked to individual ratings and cannot
establish the causes of the observed gaps. Emergency Rescue Facilities (4), by contrast,
were in the high-satisfaction-high-importance quadrant (P = 4.64,1 =3.92, P — I = 0.720,
£(360) =20.479, p < 0.001). This rating does not establish an advantage of device-based
interventions over alterations to the building. The higher satisfaction rating for Emergency
Rescue Facilities does not establish superior installation quality or effectiveness, because
receipt, timing, and use of these facilities were not analysed. Indicators 1-3 are therefore
candidates for individual home assessment before selecting remedial work.
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Figure 4. IPA scatter plot at indicator level for Safety (A).
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Table 9. Paired-samples t-test statistics for indicator level within Safety (A).

Criterion Level Factor Satisf:}[c;;gn (P) Imp(;v[rtg;'l;e @ MeaIEIP i_ffie)rence t-Value p-Value
Anti-slip Measures (1) 2.31 4.25 —1.939 —46.431 <0.001

Grab-bar and handrail
system (2) 2.44 415 —-1.709 —41.310 <0.001

fety (A i
Safety (4) Indoor Pathway Width & 225 418 ~1.931 ~45378 <0.001
Smoothness (3)

Emergency Rescue 464 3.92 0.720 20479 <0.001

Facilities (4)

4.2. Independence Analysis

The Independence ratings highlight perceived concerns about entering the home and
using essential facilities. Within Independence, respondents reported the largest negative
satisfaction-importance gaps for Restroom Accessibility and Barrier-Free Entrance/Exit.
Barrier-Free Entrance/Exit (5, P = 2.54,1 = 4.03, P — I = —1.490, #(360) = —37.413) and
Restroom Accessibility (6, P =2.41,1 =4.08, P — I = —1.670, +(360) = —39.051) had the
largest observed gaps in this dimension, while Facility Operability (8, P =2.91,1 = 3.83, P
— 1 =-0.920, t(360) = —21.735) was also a priority item (paired-gap tests: all p < 0.001;
Table 10; Figure 5). From a person—environment perspective, entrance and bathroom
difficulties may restrict daily activities, but these pathways were not tested here [22,23].
These ratings support examining access and usability with residents, but the study did not
measure whether the reported conditions caused dependence in daily activities. Kitchen
Operation Convenience (7, P = 2.82,1 = 3.69, P — I = —0.870, t+(360) = —21.195, p < 0.001)
was somewhat less important, possibly because movable tables, chairs, and small appli-
ances can partly compensate for an inconvenient arrangement; the spatial and wet-surface
requirements of toileting and bathing offer much less room for such informal adaptation.
Easy-to-operate Fixtures and Facilities (9, P = 2.67, I = 3.65, P — I = —0.981, ¢t(360) =
—22.231, p < 0.001) was classified in the secondary-improvement quadrant and could be
addressed through targeted hardware replacement. Kitchen Operation Convenience (7)
was also in this quadrant. Although indicator 9 had a larger absolute gap than indicator 8
(0.981 versus 0.920), only indicator 8 exceeded the importance crosshair and entered the
priority-improvement quadrant (Tables 7 and 8; Figure 5).

Table 10. Paired-samples t-test statistics for indicator level within Independence (B).

Satisfaction (P) Importance (I) Mean Difference

Criterion Level Factor Mean Mean (P-1) t-Value p-Value

Barrier-Free
Entrance/Exit (5) 2.54 4.03 —1.490 —37.413 <0.001

Restroom
Accessibility (6) 2.41 4.08 —1.670 —39.051 <0.001
Kitchen
Operation 2.82 3.69 —-0.870 —21.195 <0.001
Independence (B) Convpenience (7)

Facility 2.91 3.83 ~0.920 ~21.735 <0.001

Operability (8)

Easy-to-operate
fixtures and 2.67 3.65 —-0.981 —22.231 <0.001
facilities (9)
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Figure 5. IPA scatter plot at indicator level for Independence (B).

4.3. Comfort Analysis

The near-zero criterion-level gap for Comfort (P — I = —0.020, p = 0.431; Table 6)
combined negative gaps for indicators 10 and 11 with positive gaps for indicators 12 and
13 (Table 11). Natural Lighting and Ventilation (11, P = 3.42, [ = 3.78, P — I = —0.360,
t(360) = —8.501, p < 0.001) occupied the low-importance-high-satisfaction extra-resource
quadrant (Figures 3 and 6; Table 8). Temperature and Soundproofing (10, P = 3.43, I
=3.67, P — [ = —-0.241, t(360) = —5.779, p < 0.001) and Aesthetics and Preservation of
Dignity (13, P =3.46,1 =3.32, P — I = 0.139, t(360) = 3.164, p = 0.002) occupied the low-
importance-high-satisfaction extra-resource quadrant, without establishing why residents
gave these ratings. Ergonomic Furniture Adaptability (12, P =3.73,1 = 3.35, P — I = 0.382,
£(360) = 8.694, p < 0.001) also occupied the extra-resource quadrant; the survey does not
establish whether furniture adaptability or another factor explains this rating. Thus, no
Comfort indicator occupied the priority-improvement quadrant under the mean-based rule.
Natural Lighting and Ventilation was only 0.0165 importance points below the crosshair
and changed category under small threshold shifts; its negative satisfaction-importance
gap supports reviewing its performance, without treating its quadrant label as evidence of
excess provision.

Table 11. Paired-samples t-test statistics for indicator level within Comfort (C).

Criterion Level Factor Satis{\a}[c;;?ln (P) Impol\r/[t:;l;e @ MeaIEIP i_fer)rence T-Value p-Value
Temperature &
Soundproofing 3.43 3.67 —0.241 -5.779 <0.001
(10)
Natural Lighting
& Ventilation (11) 3.42 3.78 —0.360 —8.501 <0.001
Comfort (C) Ergonomic
Furniture 3.73 3.35 0.382 8.694 <0.001
Adaptability (12)
Aesthetics and
preservation of 3.46 3.32 0.139 3.164 0.002
dignity (13)
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4.4. Sustainability Analysis

Within Sustainability (D), the priority-improvement classifications of Bedroom and
Living-Room Layout (14; P = 2.63,1 = 3.82, P — I = —1.191, (360) = —27.845) and Lighting
and Visibility (15; P =2.71,1 =3.93, P — [ = —1.222,(360) = —30.516) identify layout and
lighting as candidates for assessing continued usability (paired-gap tests: both p < 0.001;
Table 12; Figure 7). Restricted movement routes or inadequate illumination may make
tasks such as night-time transfers more demanding; these conditions were not measured at
individual dwellings. Whether a dwelling needs furniture rearrangement, electrical work,
or another response requires inspection. These options need dwelling-specific technical
and economic assessment. By comparison, Caregiver-Burden Education Support (16)
occupied the low-importance-high-satisfaction extra-resource quadrant (P = 3.81, I = 3.65,
P —1=0.158, t(360) = 4.087, p < 0.001), whereas High-Durability and Low-Maintenance
Design (17, P =2.85,1 =3.24, P — I = —0.391, £(360) = —9.090, p < 0.001) remained in the
secondary-improvement quadrant.

Table 12. Paired-samples t-test statistics for indicator level within Sustainability (D).

Satisfaction (P) Importance (I) Mean Difference

Criterion Level Factor Mean Mean (P-1)

t-Value p-Value

Bedroom &
Living Room 2.63 3.82 -1.191 —27.845 <0.001
Layout (14)
Lighting &
Visibility (15)
Sustainability (D)  Caregiver burden
education 3.81 3.65 0.158 4.087 <0.001
support (16)
High-durability

apd 2.85 3.24 —0.391 -9.090 <0.001
low-maintenance

design (17)

271 3.93 —-1.222 -30.516 <0.001
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4.5. Study Limitations and Future Research

Several limitations constrain interpretation. First, all 361 respondents were recruited
in Xinhai Community, Xinhai Town, Chongming District, Shanghai, China. The single-
community case does not provide population-representative estimates for Shanghai or
China. Differences in housing stock, local modification programmes, services, and resi-
dents’ needs may limit transferability, even to other older communities. Replication across
communities and cities is needed before applying the observed priorities elsewhere. Fur-
thermore, we could not obtain complete demographic data for the 66 non-respondents
to conduct a formal non-response bias analysis. Therefore, we cannot fully rule out the
possibility of selection effects. Additionally, the 58 records excluded during data cleaning
could not be compared with the retained sample on demographic and dwelling charac-
teristics because the exclusion reasons (excessive omissions, duplicate identifiers, shared
IP addresses, identical timing, and identical response sequences) precluded a consistent
and independent comparison dataset. This limits assessment of potential selection effects
arising from data-quality screening, although the exclusion criteria were pre-specified and
applied before analysis.

Second, the analysis includes a binary history of previous modification but does not
link ratings to the type and extent of work in each home, completion dates, or actual use
of the relevant facilities and equipment. It includes residents with and without reported
previous modifications. Low satisfaction may reflect absent modifications, inadequate
scope, poor implementation quality, or changes in individual needs. These explanations
cannot be separated, and the ratings cannot establish the effectiveness or failure of completed
interventions. Future research should link each respondent’s ratings to documented work,
dates, implementation quality, and use.

Third, the cross-sectional design provides no before-and-after comparison and cannot
establish temporal or causal relationships. Individual functional capacity, environmental
demands, expectations, and behavioural adaptation were not directly measured in a way
that tests the proposed mechanisms. Environmental press theory therefore serves as an
interpretive framework, not an empirically validated mechanism in this study. Longitudinal
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studies should combine baseline and repeated follow-up assessments with intervention
records and measures of function, expectations, use, and relevant health outcomes.

Fourth, importance and satisfaction were self-reported, and preliminary field observa-
tions did not constitute a systematic physical audit linked to respondents” dwellings. Future
work should combine these ratings with measurements of floor slip resistance, illumination,
clear-path widths, thermal and acoustic conditions, and emergency-call performance.

Fifth, IPA categories depend on the reference thresholds. Although the main priority
set persisted under the midpoint comparison, indicators 8, 11, and 14 and the criterion-level
placement of Sustainability were sensitive to nearby crosshairs. The conservative sam-
pling bounds assume independent respondents. They do not account for weight variation
arising from unequal inclusion probabilities; household clustering itself is avoided by the
one-respondent-per-household rule. They also do not account for selection effects or nonre-
sponse and could not confirm population-level quadrant membership. No respondent-level
bootstrap was performed in this summary-data reanalysis. Boundary-sensitive categories
should therefore be used provisionally alongside the continuous importance, satisfaction,
and gap scores.

Sixth, the analysis did not include the economic and implementation inputs needed
to rank interventions under resource constraints: intervention costs, available budgets,
technical feasibility, numbers of beneficiaries, expected effects, and dependencies be-
tween measures. Neither quadrant membership nor gap magnitude establishes a fund-
ing order. The proposed intervention areas remain preliminary until these inputs are
assessed using explicit decision criteria in consultation with residents and technical and
economic specialists.

5. Conclusions

This study used paired importance and satisfaction ratings from 361 respondents in
Xinhai Community, Shanghai, to identify perceived concerns across 17 home-modification
attributes. Satisfaction was lower than importance for Safety, Independence and Sustain-
ability (all p < 0.001), whereas the mean Comfort gap was not statistically significant
(p = 0.431; Table 6). Safety and Independence occupied the priority-improvement quadrant
at the dimension level. At the indicator level, eight attributes (1, 2, 3, 5, 6, 8, 14 and 15) occu-
pied this quadrant (Table 8), identifying preliminary areas for further assessment. Expert
screening selected the attributes, paired tests assessed within-respondent differences, and
IPA classified relative priorities under specified crosshairs. These analytical steps should be
interpreted separately. Six priority indicators (1, 2, 3, 5, 6 and 15) retained their classifica-
tion under the £0.10 threshold shifts, while indicators 8 and 14 were boundary-sensitive.
This threshold stability does not establish sampling robustness; the conservative sampling
bounds did not confirm population-level quadrant membership. Accordingly, the results
identify provisional concerns for collaborative home assessment and subsequent technical
and economic appraisal, rather than a sequence of works or a funding order.

The study addresses an operational gap between person—environment concepts and the
comparison of residents’ perceived shortfalls across home functions. Safety, Independence,
Comfort and Sustainability provide a study-defined organising framework informed by envi-
ronmental gerontology and the distinction between accessibility and usability [14,15,19,20].
Linking these domains to paired importance and satisfaction ratings at both domain and
indicator levels makes the conceptual framework usable for examining residents’ appraisals.
Building on earlier housing and bathroom applications of IPA [25,26], the study extends
this approach to a broader set of home functions in an established Chinese community.

The empirical findings demonstrate why this connection requires both analytical
levels. Comfort’s near-zero domain gap combined positive and negative indicator gaps
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(Tables 6 and 11), while the overall Sustainability profile concealed priority-quadrant place-
ments for layout and lighting (Tables 6, 8 and 12). Broad appraisals can therefore mask per-
ceived shortfalls in specific attributes. Retaining these differences addresses the operational
gap by showing how evaluations of individual home functions qualify the interpretation
of an aggregate domain score. The contribution supports theory-informed assessment
and hypothesis development. The ratings do not directly measure environmental press,
personal competence or person—environment fit, and neither the latent structure of the four
domains nor the competence—press mechanism was validated.

The practical contribution is a common basis for consultation and household assess-
ment. The following applications translate perceived concerns into proposed actions; their
effectiveness was not evaluated in this study.

Municipal and district housing and ageing-service authorities can use the eight priority
attributes to commission local needs assessments, with closer review of the two boundary-
sensitive classifications. Subsequent funding appraisals should consider verified hazards,
technical feasibility, implementation and maintenance costs, expected beneficiaries and
benefits, and dependencies between measures. An explicit equity criterion should prevent
a lower community-average importance score from excluding households with urgent
assessed needs.

Community committees and property managers can use the profiles to structure
joint visits and distinguish concerns within individual homes from issues in shared areas.
Recording existing modifications, completion dates, actual use, faults, responsible services
and follow-up actions would connect reported concerns to maintenance or assessment tasks.
Such records would also supply information absent from the present survey.

Occupational therapists, community nurses and rehabilitation professionals can use
reported entrance and bathroom concerns to guide discussion of daily activities. Combining
resident reports with observations of task performance and functional capacity respects the
distinction between accessibility and usability [20]. The resulting individual assessment can
identify whether assistance, training, an assistive device or physical modification warrants
further consideration.

Architects, interior designers and modification contractors can translate verified con-
cerns into design briefs specifying task requirements, spatial constraints, preferences and
assistance needs. Reviewing options with residents and rehabilitation staff can distin-
guish rearrangement or repair from building alterations. Completion checks should assess
whether the intended user can access and operate the modified features. Favourable ratings
for emergency facilities warrant attention to continued usability and maintenance, without
demonstrating that these devices resolve other barriers.

Older residents and family caregivers can use the 17 attributes to describe difficult ac-
tivities, express preferences and review proposed changes with professionals. Community-
average ratings should leave room for individual concerns about privacy, bodily comfort
and appearance. Favourable caregiver-education ratings do not establish that training
needs have been met. Residents” and caregivers” accounts of whether adaptations are used,
workable and acceptable can guide subsequent adjustments.

Researchers and programme evaluators can use these profiles as a baseline description
of perceived concerns. Multi-community longitudinal studies should link repeated ratings to
documented modifications, completion dates, implementation quality, actual use, functional
capacity and observed task performance.
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