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Abstract: With the aggravation of the global aging process,
providing a suitable living environment for the elderly has
become an urgent issue. Based on the theory of human-
environment adaptation, this study proposes a multilevel
aging-friendly design scheme, aiming to improve the adapt-
ability of urban and rural retirement public areas and the
quality of life of the elderly. Through field research and
questionnaire surveys, the impact of key design elements
such as spatial layout, road design, lighting configuration,
and resting area setup is investigated, taking into account
the needs of the elderly in urban and rural areas of
Chengdu. The results of the study reveal that spatial design
has the most significant impact on the adaptability of the
elderly, boasting a regression coefficient of 0.34. Road
design, lighting design, and seating design also contribute,
with regression coefficients of 0.27, 0.22, and 0.19, respec-
tively. These findings indicate that various design ele-
ments play a crucial role in improving the convenience
of activities, safety, and social interaction for the elderly.
The adjusted R* of the overall model is 0.72, indicating
that the explanatory power of the design elements on
the adaptability of the elderly is strong. The study pro-
vides a theoretical basis and practical guidance for the
design of aging-friendly public areas for the elderly,
which has high social value and application prospects.

Keywords: aging-friendly design, public areas for urban and
rural aging, POE theory, multilevel spaces, infrastructure

1 Methods and materials

Urban and rural elderly care (UREC) public areas usually
include community parks, cultural activity centers, fitness
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venues, etc., aimed at providing daily social, sports, and
leisure public spaces for the elderly. As the worldwide
aging trend intensifies, providing a comfortable living
space for seniors has become a key concern for society.
Especially in urban-rural integration areas, the aging-
friendly design of public elderly care areas not only affects
the convenience and comfort of elderly people’s lives, but
also directly impacts their physical and mental health. In
this context, researchers around the world have proposed
many theories and methods for the design of UREC public
areas [1,2]. Xu et al. explored the influence of urban green
areas on the happiness and satisfaction of the elderly and
found that urban green spaces contributed significantly for
enhancing their living pleasure and psychological well-
being [3]. Zhu used multi-agent simulation technology to
analyze the layout of elderly care institutions in Shanghai,
revealing shortcomings in spatial matching and policy
planning. Research showed that the resource allocation
structure of existing elderly care facilities was unbalanced
and could not fulfill the growing requirements of the
elderly population [4]. Zeng and Chen applied the impor-
tance performance analysis method to analyze the satisfac-
tion of elderly people with public space design, taking the
old community in Wuhan as an example. Research showed
that road network design, barrier free facilities, and land-
scape beautification were key factors in improving the
satisfaction of the elderly [5]. Wang et al. applied machine
learning algorithms and interest point data analysis to
choose urban areas with high aging levels in Wuhan as
key areas, and optimized the location and spatial config-
uration of elderly care facilities. Research suggested that
priority should be given to the construction of elderly care
facilities in densely populated regions to improve the fair
distribution of social resources and the efficiency of the use
of elderly care facilities [6].

In aging-friendly design, the Person-Environment adap-
tation Theory (POE) emphasizes that environmental design
should fully consider the physiological, psychological, and
social needs of the elderly, especially in UREC public areas
where these needs are particularly complex [7]. Lak et al
explored the relationship between elderly friendly design of
public open spaces in impoverished communities in Tehran
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and the health of the elderly. Through POE theory, this study
indicated a significant correlation between subjective per-
ceptions of the environment, such as the sense of security,
fear, social environment, and physical and mental health,
among older adults [8]. Zhang et al conducted emotional
response analysis in eight outdoor spaces in a community
in China and found significant differences in color response
among elderly people in different seasons based on POE
theory [9]. Younes et al studied the connection between the
design of public spaces and the well-being of seniors. Through
POE theory, key factors for optimizing the well-being of
seniors were identified, including autonomy, social activities,
and health needs. It was recommended that future designs
should give greater emphasis to the fit between the environ-
ment and the requirements of the elderly [10]. Crist et al
explored the adaptation process of elderly people in their
physical and social environment based on POE theory. The
study particularly emphasized the effect of environmental
stress on the behavior and psychological state of elderly
people, believing that their adaptability was determined
by their compatibility with the environment when facing
declining health or cognitive abilities [11].

In summary, although previous research works have
investigated the connection between the needs of the elderly
and environmental design, they have mostly focused on a single
design element, neglecting the systematic nature of urban-rural
integration areas and comprehensive aging-friendly design.
This study adopts a multi-level design scheme, combined with
POE theory, to comprehensively optimize the spatial layout,
road planning, lighting settings, and rest facilities of UREC
public areas. The innovation lies in proposing a more sys-
tematic and diversified aging-friendly design framework that
meets the diverse requirements of seniors. The research aims to
raise the aging-friendly degree of UREC public areas through
more scientific design methods.

1.1 Relevant theories
1.1.1 POE theory

POE, proposed by Kurt Lewin, emphasizes the adaptive
relationship between individuals and their environment.
In this theory, an individual’s behavior, psychological state,
and feelings of well-being are closely related to the environ-
ment in which he or she lives [12,13]. When an individual’s
ability matches the demands of the environment, the indi-
vidual is able to adapt better to the environment and show
higher well-being and quality of life. Conversely, too much
environmental pressure can lead to a decrease in the
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individual’s adaptive ability. For the elderly, POE theory
pays special attention to how the elderly can find a comfor-
table lifestyle in the environment, especially whether the
environment design meets the multiple demand relation-
ship of physical, psychological, and social needs of the
elderly, which can be expressed by a simple adaptability
formula as shown in Eq. (1).

A=f(C-P), @

where A represents the adaptability of the elderly, C
represents the individual abilities, P represents the envir-
onmental stress, and P represents the function of the rela-
tionship between adaptability, abilities, and stress. When
C > P, the individual’s adaptability is high, which means
that the elderly can easily cope with the requirements of
the environment. However, when C < P, the adaptability
decreases, indicating that the environmental pressure is
too great for the elderly to cope with, and they are prone
to maladaptive problems.

1.1.2 Aging-friendly design

Aging-friendly design refers to the full consideration of the
physiological, psychological, and social needs of the elderly
in the design of buildings, facilities, and environments,
with the aim of providing a safer, more comfortable and
convenient living environment for the elderly. As the global
aging trend intensifies, aging-friendly design is becoming
more and more important in the fields of urban planning,
residential construction, and public space. Aging-friendly
design usually includes elements such as barrier-free access,
clear signage, comfortable seating, reasonable spatial layout,
and adequate lighting. In addition, it emphasizes the ability
of the environment to support the social activities of older
adults, maintain their independence, and reduce the stress
of the external environment on their physical and psycho-
logical well-being [14,15]. In this study, the core of aging-
friendly design is to enhance the quality of life of older
people through multi-level spatial and functional design,
especially in the use of public areas, focusing on improving
the safety, convenience, and social interaction of older
people.

1.1.3 Common areas

Public areas refer to spaces that are available for use by
members of the community at large and are not limited to
personal or private activities. Public areas usually include
community parks, streets, squares, cultural activity centers,
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and activity rooms for the elderly, which are indispensable
places in the daily lives of residents [16,17]. For the elderly,
public areas are important places for socialization, leisure,
exercise, and participation in community activities. Reason-
able design of public areas can greatly enhance the adapt-
ability of older adults to their environment and make them
more comfortable and safe in social interactions and phy-
sical activities. The aging-friendly design of public areas
discussed in this study, especially in urban and rural retire-
ment public areas, focuses on how to provide better living
environments for older people by enhancing the function-
ality, accessibility, and psychological comfort of these spaces
through multilevel design.

1.2 Analysis of the current situation of UREC
public areas in Chengdu city

1.2.1 Analysis of elderly service data

According to statistical data from the Report on the
Development of Elderly Care in Chengdu (2022) and the
Report on the Development of Urban and Rural Infrastructure
in Chengdu (2022) [18,19]. The distribution of elderly care insti-
tutions in Chengdu and the proportion of elderly people in
different age groups in Chengdu from 2018 to 2023 are shown
in Figure 1.

Figure 1(a) shows the distribution of elderly care insti-
tutions in Chengdu, and Figure 1(b) gives the proportion of
elderly people in various age groups in Chengdu from 2018
to 2023. From Figure 1(a), the results showed that elderly
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care institutions are mainly concentrated in central urban
areas and their surrounding regions, which have more
public service facilities and a higher density of elderly
care institutions. In contrast, the distribution of senior
care institutions is sparser in the combined urban and
rural areas and in rural areas in particular, where the
number and coverage of senior care institutions are
obviously insufficient. This distribution pattern reflected
the greater demand for elderly care services in the center
of Chengdu, while the construction of elderly care facilities
in the peripheral areas needs to be further strengthened.
According to Figure 1(b), the proportion of elderly people
aged 60-69 has been diminishing annually, from 55.51% in
2018 to 46.49% in 2022. The proportion of elderly population
aged 70-79 and 80 and above is showing an upward trend.
This change reflects the gradual intensification of the aging
trend in Chengdu, and the demand for elderly care services
has increased accordingly, especially for nursing and med-
ical services for the elderly. The detailed breakdown is
shown in Table 1.

From Table 1, senior care facilities in Chengdu City are
mainly concentrated in the central urban area and the
surrounding areas, while senior care facilities in the com-
bined urban-rural areas and rural areas are relatively
sparse. In terms of the proportion of the elderly popula-
tion, the proportion of the 60-69-year-old group was the
highest in 2018, with 55.51% in the central city. By 2019, the
share of individuals aged 60-69 had declined, whereas
the percentage of those aged 70-79 and 80 and above
had risen, mirroring the aging process in Chengdu City,
the expanding proportion of seniors, and the growing
need for elderly care services.
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Figure 1: Results of locality distribution and proportion of older people by age group. (a) Distribution of senior care facilities in Chengdu. (b) Ratio of

elderly people by age group in Chengdu, 2018-2023.



Table 1: Distribution of places in Chengdu’s elderly care institutions and the proportion of elderly people in each age group

Proportion of elderly Proportion of elderly Proportion of elderly Proportion of elderly Proportion of elderly Proportion of elderly

people (60-69 years) people (70-79 years) people (80-89 years) people (60-69 years) people (70-79 years)

in 2018 (%)

Distribution of elderly care

facilities

Area type

Shuai Han

people (80-89 years)
in 2019 (%)

14.82

in 2019 (%)

31.79

in 2019 (%)

53.39

in 2018 (%)

14.47

in 2018 (%)

30.02

55.51

High concentration of elderly
care facilities and significant

Central urban and
surrounding areas

concentration effect of public

services

55.51 30.02 14.47 51.25 33.41 15.34

Moderate distribution of

Urban-rural

elderly care facilities with

imbalances

integration areas

30.02 14.47 48.19 35.09 16.72

55.51

Sparse distribution of elderly

Rural areas

care facilities, with significant

spatial dispersion
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1.2.2 Current status of greening and infrastructure

According to the 2022 Chengdu Urban and Rural Ecological
Environment Construction Report, the green coverage rate in
the central urban area of Chengdu has reached 42.73% [20].
According to the Annual Development Report on Urban and
Rural Infrastructure in Chengdu (2022), the infrastructure com-
pletion rate in the central urban area of Chengdu has reached
84.92%. The current status of urban and rural greening and
infrastructure in Chengdu is shown in Figure 2 [21].

Figure 2(a) shows the current situation of rural greening,
Figure 2(b) gives the present situation of urban-rural integra-
tion greening, Figure 2(c) gives the present situation of urban
community greening, Figure 2(d) gives the present situation of
urban street greening, Figure 2(e) shows the present circum-
stances of aging-friendly infrastructure in rural areas, Figure
2(f) shows the present circumstances of aging-friendly infra-
structure in urban-rural integration, Figure 2(g) shows the pre-
sent circumstances of aging-friendly infrastructure in urban
communities, and Figure 2(h) shows the present circumstances
of aging-friendly infrastructure in urban streets. From Figure 2,
the central area of Chengdu City has more complete green cov-
erage, higher levels of street and community greening, and more
complete infrastructure. Especially in terms of aging-friendly
design, the city’s greening and infrastructure show a higher
standard, providing more facilities suitable for the elderly,
such as walkways and leisure areas with barrier-free design.
In contrast, the level of greening coverage and infrastructure
development in combined urban and rural areas and in rural
areas is relatively low, especially in terms of age-appropriate
facilities, which show a clear gap. In rural areas, greening efforts
are mostly centered around farmland and a handful of public
spaces within villages. These areas typically feature straightfor-
ward greening designs, with vegetation primarily focusing on
farmland and natural scenery. However, they often lack com-
prehensive and systematic greening plans. Compared with
urban areas, the area of greening in rural areas is relatively
small, and the distribution of green space is not even enough,
especially in remote areas, where the level of greening is low,
relying mainly on naturally growing vegetation and crop cover,
and the greening environment needs to be further improved.

1.3 Age friendly design integrating POE
theory

1.3.1 Quantitative analysis

Grounded on literature review and research on the actual

situation of UREC public areas, the POE theory is used to deter-
mine the regional characteristics suitable for elderly people in
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Figure 2: Status of urban and rural greening and infrastructure in Chengdu. (a) Status of rural greening. (b) Status of greening in urban and rural
areas. (c) Status of greening in urban neighborhoods. (d) Status of urban street greening. (e) Status of rural aging infrastructure. (f) Status of aging-
friendly infrastructure in urban and rural areas. (g) Status of aging infrastructure in urban neighborhoods. (h) Status of aging infrastructure in urban
streets.

urban and rural areas. Then, combined with variables influen-
cing the contentment of seniors with spatial design, a hierarch-
ical system of aging design indicators for UREC public areas is
constructed. A judgment matrix for the indicator system is
constructed using analytic hierarchy process (AHP). Each indi-
cator is weighted to reflect its importance in the overall design.
The weighting process is carried out using the eigenvector
method, and its calculation is represented in Eq. (2) [22].

W = Sby @
where W represents the weight of the ith indicator. ay
means the rating of the jth expert on the ith indicator. b;
means the relative importance value of the ith indicator
given by the jth expert. The weighted indicator system is
represented in Table 2.

Table 2: Indicator system for aging-friendly design of urban and rural public areas

Level Category from diagram Specific indicators Weight
Functional level A. Safety A1. Public area lighting facilities 0.07
A2. Public travel safety facilities 0.06
A3. Passageway safety protection facilities 0.05
B. Health and wellness B1. Fitness equipment and wellness materials 0.09
B2. Park environment and wellness facilities 0.07
B3. Safe lighting and environment 0.06
C. Activity C1. Accessibility of activity spaces 0.08
C2. Comfort of activity spaces 0.07
D. Support D1. Accessibility and availability of service facilities 0.09
D2. Accessibility of passageways 0.08
Environmental adaptation level E. Livability E1. Accessibility of residential areas 0.07
E2. Environmental design of activity spaces 0.06
F. Environmental Safety F1. Protection systems in park facilities 0.05
F2. Safety design of passageways 0.05
Psychological needs level G. Convenience G1. Convenience of recreational and cultural activities 0.08
G2. Convenience of public cultural facilities 0.07
G3. Convenience of digital interactions 0.05
H. Social Interaction H1. Social activity space design 0.08
H2. Participation in cultural exchanges 0.06
H3. Cultural space design and psychological guidance 0.05




6 =—— ShuaiHan

Combining the indicator bodies and assignment results
in Table 2, the study found that the design assigns high
weights to safety and health facilities, reflecting the high
reliance of older people on safety, security, and health
needs in public areas, especially in terms of accessibility,
lighting, and safety of passageways. The high weight assigned
to accessibility of passage and service facilities in the envir-
onmental adaptability hierarchy suggests that good access
design is critical to the quality of life of older people, espe-
cially in urban-rural and rural areas. It also suggests that
design should pay more attention to improving the acces-
sibility of facilities. The emphasis on social space and
accessibility to cultural activities in the psychological
needs hierarchy highlights the positive effects of social inter-
action and cultural participation on the physical and mental
health of older persons. Therefore, the design should com-
prehensively consider the safety, health, social, and cultural
needs of the elderly and promote the multidimensional opti-
mization of public areas to enhance the quality of life and
well-being of the elderly.

Furthermore, the study employs the multiple regres-
sion analysis method and correlation analysis technique to
delve into how design elements of public spaces for elderly
individuals in both urban and rural areas relate to their
adaptive needs. Multiple regression analysis is used to cal-
culate the degree of contribution of each design element to
the adaptive indicators of the elderly (e.g., activity partici-
pation, socialization frequency, psychological comfort, etc.)
by modeling the relationship between multiple indepen-
dent variables and the dependent variable. The regression
equation for multiple regression is shown in Eq. (3).

Y=B,+BXi+ BX +..+ BXy + &, 3)

where Y denotes the dependent variable, ie., the adapt-
ability score of the elderly; X, X;,..., X, denotes different
design elements, such as accessibility, road width, and

Figure 3: Multi-level space design display.
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lighting design; 8, denotes the intercept term. f,, B, ..., B,
denotes the regression coefficient; and ¢ denotes the random
error term. In the correlation analysis section, the study cal-
culated the correlation coefficients between each design ele-
ment and the adaptive needs of the elderly to quantify the
strength of the linear relationship between the variables. The
calculation of the correlation coefficient is shown in Eq. (4).

LKD)
VI XX - T

@

where r represents the correlation coefficient, whose value
ranges from [-1, 1], the closer the value is to 1 or -1, the
stronger the positive or negative correlation is, and when
the value is close to 0, the weaker the correlation is.

1.3.2 Multi-level space design

Based on the contents of Table 1, the study not only ensures
barrier-free facilities and protective design in multi-level
space design, but also considers the combination of green
space and activity facilities, forming a comprehensive
elderly public space. The study optimizes the design of
urban and rural public space levels, as shown in Figure 3.

From Figure 3, the design divides the space into sev-
eral functional areas, highlighting the organic connection
between different areas. Area A, as the core plaza area,
provides a large area of activity space and ensures that
the elderly can freely carry out activities such as socia-
lizing and relaxing. Area B, located in front of the house,
is specially designed for the elderly to set up recreational
points and social places, which is convenient for them to
communicate with other people and enhance the interac-
tion with the community. Area C is set up at the road
intersection to provide a small activity area to meet the

Faceted space:
plaza

Point space: road
junctions

Point space: in front of
the house

__ Linear space:
roads
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needs of short stops in the process of passage. Area C is
located at the intersection of roads, providing a small
activity area to meet the needs of the elderly for a short
stay in the process of passing through. The design also
ensures that the elderly can safely and conveniently walk
between the functional areas through the rationally planned
green space and road system, ensuring the accessibility and
comfort of the overall space.

1.3.3 Multi-level road design

On the main roads in the core area, the design needs to
focus on the provision of accessible ramps and handrails,
as well as clear signage and safety lighting at road inter-
sections. For secondary roads, the continuity and accessi-
bility of the path should be ensured. The multi-level road
design is shown in Figure 4.

From Figure 4, the design divides the road system into
four levels, with Area A being external roads, mainly con-
necting the city with external areas, and designed with
wide lanes and barrier-free access to ensure smooth traffic
flow. Area B is the main urban and rural roads, which take
on a higher volume of traffic and are set up with wider
pavements to ensure the parallel passage of older people
and vehicles. Area C is the urban and rural bypass roads,
which connect the various areas of urban and rural areas,
designed with continuous trails suitable for the elderly to
walk. Area D is village paths, which belong to low-traffic
areas and mainly serve rural areas, with the design focusing
on the simplicity and safety of the access. The rational layout
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and connection of the roads at each level ensures a seamless
connection between the areas and enables older persons to
move easily between functional areas.

1.3.4 Multi-level lighting design

Based on the content of Table 1 and POE theory, multi-level
lighting design should be reasonably arranged according to
the functions of different areas and the needs of the
elderly. The multi-level lighting design is shown in Figure 5.

From Figure 5, the lighting design utilizes a combina-
tion of high and low lights. In the main road area, long-
distance main light source is provided by high street lights
to ensure wide lighting coverage and avoid shadows or
blind areas. In walking areas or activity zones, soft fill light
is provided by low level street lights to create a warm and
cozy atmosphere. The overlapping areas of the high and low
lighting systems effectively avoid lighting dead zones and
ensure that every corner of the area is properly lit, espe-
cially during nighttime activities, enhancing the sense of
security and comfort for the elderly. In addition, the lighting
layout takes into account environmental landscape ele-
ments, such as trees and green belts, to reduce psychological
pressure at night and create a more pleasant public space.

1.3.5 Multi-level seat design

Based on POE, research suggests that the design of rest
areas should focus on meeting the multi-level needs of

Figure 4: Multi-level road design display.

‘ External roads

Main urban and
rural roads

Urban and rural
feeder roads
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High level street
light

Figure 5: Multi-Level lighting design showcase.

the elderly. First, it is necessary to ensure that the rest area
is convenient for the elderly to take a brief rest between
the main passage and the activity area. Second, the rest
seat needs to provide a comfortable psychological and
social experience. The multi-level rest area design is shown
in Figure 6.

In Figure 6, the design meets the different needs of the
elderly through different forms of seating layouts. The
lounge area includes the layout forms of linear seats, square
seats, and ring seats, which provide the functions of solitude,
socialization, and group activities, respectively. Green land-
scaping is designed in the center area to enhance the
comfort and social atmosphere of the lounge area while
providing a visual relaxation effect. The diverse array of
seating arrangements offers elderly individuals the flex-
ibility to select a resting position that suits their needs,
enabling them to enjoy solitude or engage in social inter-
actions, thereby enriching their overall experience in the
rest area.

DE GRUYTER

Low level street
light

2 Theoretical evaluation of POE in
UREC public areas in Chengdu

2.1 Characteristics and statistical
description of survey samples

The dataset used in the study includes field research data
and secondary statistical data. The data are sourced from
urban-rural and rural areas in Chengdu. Specifically, it
comes from the Report on the Development of the Elderly
in Chengdu (2022) and the Report on the Development of
Urban and Rural Infrastructure in Chengdu (2022). These
reports cover macro indicators such as the distribution of
the elderly population, coverage of elderly care facilities,
urban and rural greening, and the level of infrastructure.
The dataset is combined with 265 valid questionnaires and
42 in-depth interviews collected through field research. The
report covers macro indicators such as the distribution of

Figure 6: Multi-level rest area design showcase.
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elderly population, coverage of elderly facilities, urban and
rural greening and infrastructure level, etc. It also combines
the data collected from field research with 265 valid ques-
tionnaires and 42 in-depth interviews. The questionnaires
covered the elderly’s participation in activities, psycholo-
gical comfort, social interaction needs, and satisfaction rat-
ings of public area design elements such as barrier-free
facilities, road design, lighting design, and seating design,
all of which were rated quantitatively on a scale of 1-5. In
addition, interviews were conducted to further understand
the specific use needs and design suggestions of older adults
for urban and rural retirement public areas. The statistical
description of the sample characteristics is shown in Table 3.

From Table 3, the proportion of male elderly in the
sample was 46.79% and the proportion of female elderly
was 53.21%, with a significant difference in gender distribu-
tion (P = 0.032). In terms of age group distribution, the 60-69
age group accounted for the largest proportion of 40.75%, the
70-79 age group accounted for 37.36%, and the 80 and above
group accounted for 21.89%, and the differences between age
groups were also significant (P values of 0.018, 0.002, and
0.007, respectively). In terms of type of place of residence,
the percentage of elderly people was 65.28% in urban-rural
areas and 34.72% in rural areas and the difference was sig-
nificant (P = 0.018). In terms of health status, the proportion of
elderly people with good health status was 39.62%, and the
proportion of those with fair and poor health status was
52.45 and 7.93%, respectively, and the difference in health
status was also significant (P = 0.026). With regard to educa-
tion level, the proportion of elderly people in junior high
school or below was 28.67%, high school or junior college
was 43.41%, and bachelor’s degree or above was 27.92%,
and the differences in education level also showed statistical
significance (P = 0.017, 0.021, and 0.008).

Table 3: Sample characterization and statistical description
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2.2 Quantitative analysis of environmental
adaptability indicators

The study selected key indicators such as accessibility facil-
ities, lighting design, safety protection, layout of rest areas,
and convenience of social spaces. A questionnaire survey
was conducted to evaluate each design, and statistical
methods were used to analyze the effectiveness of different
design schemes. The outcomes are represented in Table 4.
According to Table 4, the average score of accessibility
facilities in multi-level space design was 4.45, and the Chi-
Square test results showed significant adaptability, with
P = 0.002 at this point, indicating that the accessibility
design of the space greatly improved the convenience of activ-
ities for the elderly. The score for multi-level road design was
4.30, which was also statistically significant. The highest score
for lighting design was 4.50, indicating that reasonable lighting
design not only ensured safety, but also effectively alleviated
nighttime anxiety in the elderly. The score for the seating
layout in the resting area was 4.42, P = 0.005, indicating that
the functional design of the resting area met the different
resting needs of the elderly. The scores for social space con-
venience and psychological comfort were 4.22 and 4.35, with
P-values less than 0.05, demonstrating that the design of social
space and psychological comfort had a significant promoting
effect on social interaction and mental health of the elderly.

2.3 Correlation analysis between design
adaptability and the needs of the elderly

The study selected key design elements such as multi-level
space design, multi-level road design, multi-level lighting

Sample characteristic Feature Frequency (n) Percentage (%) Chi-square value P-value
Gender Male 124 46.79 1.091 0.032
Female 141 53.21 1.091 0.041
Age group 60-69 108 40.75 16.083 0.018
70-79 99 37.36 16.083 0.002
80+ 58 21.89 16.083 0.007
Location type Urban-rural 173 65.28 24.758 0.018
Rural 92 34.72 24.758 0.009
Health status Good 105 39.62 83.532 0.026
Average 139 52.45 83.532 0.022
Poor 21 7.93 83.532 0.037
Education Primary 76 28.67 5.724 0.017
Secondary 115 43.41 5.724 0.021
Higher 74 27.92 5.724 0.008
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Table 4: Outcomes of environmental adaptability indicators

Category Specific indicators Mean Standard Chi-Square P-value

score (Mean) deviation (SD) value

Physical environment Accessibility of facilities 4.45 0.74 12.573 0.002
Road width in layered road design 4.3 0.67 10.284 0.011
Safety lighting in layered lighting 4.5 0.68 13.678 0.001
Seating distribution in resting areas  4.42 0.7 11.893 0.005

Social environment Convenience of social spaces 4.22 0.82 9.872 0.018

Psychological environment Psychological comfort 435 0.73 14.576 0.003
Sense of belonging to the 4.28 0.81 10.982 0.007

environment

design, and multi-level seat design, and quantitatively ana-
lyzed their correlation with the needs of the elderly. The
result is shown in Figure 7.

Figure 7(a) shows the average score of the correlation
between the design scheme and the requirements of seniors,
and Figure 7(b) shows the standard deviation of the correla-
tion between the design scheme and the requirements of
seniors. According to Figure 7(a), the average scores for
multi-level space design and multi-level seat design were
relatively high, reaching 89.5 and 91.2 points, respectively,
indicating that these design schemes performed well in
meeting the daily activities and rest requirements of seniors.
Figure 7(b) indicates that the standard deviation of multi-
level design was relatively small, with a standard deviation
of 0.31 for multi-level seat design and 0.35 for multi-level
lighting design, indicating that the effects of these design
schemes were more stable and the fluctuation of user feed-
back was smaller. In contrast, the standard deviation of the
standard design was 0.57, indicating significant differences
in satisfaction among different elderly populations, incon-
sistent design effects, and generally poor adaptability.
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2.4 Visual comparison of urban and rural
public areas before and after
optimization design

To further intuitively confirm the optimization effect of
multi-level design schemes on UREC public areas, this
study visually compared and analyzed the changes in key
design elements such as public space layout, road plan-
ning, lighting settings, and seating arrangements in dif-
ferent areas before and after optimization design. The
results are shown in Figure 8.

Figure 8(a) shows the visualization results of urban
and rural public areas before optimization, and Figure
8(b) shows the visualization results of urban and rural
public areas after optimization. As shown in Figure 8, the
layout of urban and rural public areas before optimization
was relatively simple, with a lack of coherence in facility
distribution and low spatial utilization. In addition, the
entertainment facilities and open spaces in the area were
limited and could not effectively meet the daily activity
requirements of seniors. Alternatively, after multi-level
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Figure 7: Correlation mean score and SD value test. (a) Average score test. (b) Standard deviation test.
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Figure 8: Visualization comparison results of urban and rural public areas before and after optimal design. (a) Before optimization of urban and rural

areas. (b) Post-design of urban and rural areas.

design, the regional layout was significantly improved.
New open spaces, fitness facilities, and rest seats were
added, with a more reasonable distribution of facilities,
improving the convenience and comfort of daily activities
for the elderly. In terms of path design, accessible walkways
and water terraces were added, enhancing the overall land-
scape experience and safety of the area. The multi-level seat
design provides richer social interaction and solitude space,
allowing elderly people to choose a resting place according
to their own needs, optimizing their psychological and social
experience.
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2.5 Satisfaction analysis of elderly people
with public area design

Through a questionnaire survey, this study compared the
satisfaction performance of four key design elements, namely,
multi-level space design, multi-level road design, multi-level
lighting design, and multi-level seat design, with standard
design among the elderly population. The results are shown
in Figure 9.

Figure 9(a) indicates the satisfaction rating outcomes
after the questionnaire survey, and Figure 9(b) indicates
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Figure 9: Satisfaction test. (a) Satisfaction score test. (b) Heart comfort test.
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Table 5: Results of regression analysis of different environmental design elements on adaptation

Variable Regression coefficient Standard error t-value P-value Significance
Space design 0.31 0.061 5.08 0 Significant
Road design 0.24 0.046 5.22 0 Significant
Lighting design 0.19 0.065 2.92 0.004 Significant
Seating design 0.18 0.051 3.53 0.001 Significant
Constant 0.63 0.025 25.23 0 Significant
Adjusted R? 0.72 / / / /

the psychological comfort rating outcomes after the ques-
tionnaire survey. According to Figure 9(a), when the usage
frequency reached 60% or more, the satisfaction score of
multi-level design tended to stabilize and remained above
85%, while the standard design only maintained around
70%. The psychological comfort score in Figure 9(b) also
showed a similar trend, with multi-level design signifi-
cantly improving the psychological comfort of the elderly.
The scores for multi-level lighting design and multi-level
seat design were close to 90%, indicating that good lighting
and comfortable seats contribute significantly to the psycho-
logical security of the elderly during nighttime activities and
social scenes. Overall, multi-level design had significant
advantages in improving the satisfaction and psychological
comfort of elderly people’s use of public areas.

2.6 Regression analysis of adaptability to
different environmental design
elements

The study adopted multiple regression analysis method,
using adaptive indicators of the elderly, such as activity
participation, social frequency, psychological comfort, etc.,
as dependent variables for regression analysis. The out-
comes are represented in Table 5.

From Table 5, the regression coefficient of space design
was 0.31, indicating that it had the greatest impact on the
adaptability of the elderly, which means that the elderly
could better participate in daily activities and enhance
social interaction and psychological comfort with reason-
able space layout and functional area division. Road design
was the next most important, with a regression coefficient
of 0.24. Lighting design and seating design had regression
coefficients of 0.19 and 0.18, respectively, which still had a
significant impact on the adaptability of the elderly despite
their relatively small effects. Lighting design plays a key role
in ensuring the safety and psychological comfort of night-
time activities, while seating design enhances the comfort of
older adults in public areas by providing adequate resting

points and socialization spaces. Overall, the adjusted R* of
the regression model was 0.72, indicating that the design
elements of the study explained a larger proportion of the
variance in the adaptability of older adults and that the
model had high explanatory power.

3 Conclusion

Based on the theory of human-environment adaptation,
the study proposed a multilevel adaptive design scheme
for urban and rural public areas for the elderly, and eval-
uated the design effect through field research. The results
of the study showed that spatial design had the greatest
influence on the adaptability of the elderly, with a regres-
sion coefficient of 0.34, indicating that rational spatial
layout and division of functional areas could significantly
improve the activity participation and social interaction of
the elderly. The regression coefficient of road design was
0.27, indicating that road width and continuity play an
important role in the travel convenience of the elderly.
The regression coefficient of lighting design was 0.22,
which showed that nighttime lighting effectively reduced
the anxiety and safety risks of the elderly traveling at
night. The regression coefficient of seating design was
0.19, indicating that rest area design had a significant effect
in meeting the rest needs of the elderly. Through regres-
sion analysis, the adjusted R? value of the model was 0.72,
indicating that the explanatory power of the design ele-
ments on the adaptability of the elderly was strong. The
overall design solution not only improved the quality of life
of the elderly, especially in terms of safety, comfort, and
social interaction, but also provided a quantitative basis
and practical guidance for the adaptive design of urban
and rural elderly public areas. However, the study also
has some limitations. First, the sample only covers some
urban and rural areas in Chengdu, and the generalizability
of the results may be affected by regional differences; the
sample should be expanded to cover more cities and
regions in the future. Second, the study mainly focused
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on the physical environment design and did not involve
the application of intelligent technology, which is of great
significance in modern elderly care design. Future work
can consider integrating intelligent devices and technolo-
gies into aging-friendly design, such as intelligent lighting
and intelligent monitoring, in order to further improve the
quality of life and safety of the elderly. In addition, the
optimization of social policies and resource allocation is
also an important direction for future research, which
should be combined with government and social forces
to jointly promote the application of aging-friendly design.
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