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ABSTRACT: Amid ongoing improvements in urban public service provision, the standardized provision of community eldercare facilities often fails

to adequately align supply with user needs. From a supply-and-demand perspective, this study examined differences in needs across population

groups. Andersen’s behavioral model and the Kano model were used to assess respondents’need categories and degrees of need. Correlation analy-
sis was conducted to identify factors associated with these needs, followed by cluster analysis based on the Kano categories to characterize popula-
tion groups, identify typical user groups, and examine their functional-space needs. The results show that needs differed significantly according to

population characteristics and functional-space type. Based on these findings, spatial allocation models were developed for the overall population

and typical user groups, and a spatial allocation framework organized around functionally independent modules was proposed. This approach sup-
ports more precise identification of user needs and more evidence-based allocation of functional spaces, thereby informing the planning and design

of community eldercare facilities.
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Introduction

Since the 19th CPC National Congress, China has ad-
vanced supply-side structural reform in health services for

older adults to promote healthy aging [1]. The promulga-
tion of the Standard for Urban Residential Area Planning

and Design (GB 50180-2018) has made community elder-
care facilities a standard component of residential areas

[2]. Excerpts from Xi Jinping’s Discourse on Urban De-
velopment sets out requirements for the coordinated de-
velopment of urban space, scale, and industry [3]. Against

this background, integrating the eldercare sector into urban

communities and providing functional spaces tailored to

older adults’needs have become major priorities for sup-
porting aging in place.

Extensive research has been conducted in China and

internationally on the functional allocation of community

eldercare facilities and the service needs of older adults.

Studies on functional allocation have primarily focused on

issues such as insufficient flexibility and incomplete plan-
ning standards, with particular attention given to the posi-
tioning and evaluation of functional spaces [4], mixed-use

design [5], adaptive design [6], and facility typologies

[7, 8]. These studies have identified a tendency in elder-
care facility development to prioritize bed capacity over
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older adults’actual needs, and the widespread mismatches

between supply and demand [9]. Research on service

needs has increasingly focused on identifying the needs of

different user groups. In particular, previous studies have

examined functional-space need categories for the overall

population using Maslow’s hierarchy of needs [10], ERG

theory [11], and the theory of attractive quality [12].
However, only a limited number of studies have examined

how eldercare service needs vary across population groups

with different characteristics [13]. Although differences in

need categories associated with functional status, age, and

living arrangements have been identified, how these

differences should inform spatial allocation remains large-
ly unexplored. Therefore, there is a need to investigate

how functional-space allocation should vary across popu-
lation groups with different characteristics, thereby sup-
porting more evidence-based urban infrastructure planning

and creating age-friendly community environments.

Previous studies have also demonstrated that user

needs can be classified into different categories and that

the relationship between service attributes and user satis-
faction is inherently nonlinear [14]. Consequently, evalua-
ting only the degree of need is insufficient for accurately

identifying users’actual needs [15]. This study applies

the Theory of Attractive Quality and the Kano model to

functional-space allocation. Guided by the principles of

shared urban development and intergenerational use of

community eldercare facilities, the study conducted a sur-
vey in the central urban area of Tianjin, quantitatively pri-
oritized functional-space needs, and developed differentia-
ted spatial allocation models. It further proposes a spatial

allocation approach based on functionally independent

modules, as an alternative to conventional single-unit lay-
outs and large, complex building forms.

1 Theoreticalbasisandresearchframework

1.1 TheoryofattractivequalityandtheKanomodel

This study is grounded in the Theory of Attractive

Quality proposed by Noriaki Kano. Originally developed

in the field of quality management, the theory has subse-
quently been widely applied in architecture [16], sociolo-
gy [17], and behavioral science [18]to evaluate the rela-
tionships between service attributes and user satisfaction.

According to the Theory of Attractive Quality, service at-
tributes and user satisfaction exhibit a nonlinear relation-
ship, which makes the theory suitable for identifying dif-
ferent categories of user needs.

Based on this theory, the Kano model uses the combi-
nation of functional and dysfunctional questions (“paired

questions”hereinafter) to classify user needs into distinct

categories. By distinguishing between what users “want”
and what they “need”, the model classifies user needs into

five categories [19, pp. 5]. Must-be (M) attributes repre-
sent basic needs. They exhibit a nonlinear relationship be-
tween quality attributes and user satisfaction: their provi-
sion does not increase satisfaction, whereas their absence

leads to dissatisfaction, reflecting their essential nature.

One-dimensional (O) attributes exhibit a linear relation-
ship with user satisfaction: their provision increases satis-
faction, whereas their absence decreases satisfaction, indi-
cating that user satisfaction depends directly on their pro-
vision. Attractive ( A) attributes are desirable features.

They exhibit a nonlinear relationship with user satisfac-
tion: their absence does not reduce satisfaction, whereas

their provision increases it, reflecting users’expectations

for added value. Indifferent (I) attributes have little or no

effect on user satisfaction, regardless of whether they are

provided. Reverse (R) attributes produce effects opposite

to those intended and therefore represent attributes that

users generally do not want. Questionable (Q) responses

represent invalid or inconsistent response combinations

and should be excluded from subsequent analysis. Accord-
ingly, the need categories are ranked in the following or-
der of priority: Must-be > One-dimensional > Attractive

> Indifferent. The classification criteria based on the

paired questions are presented in Table 1.

After the need categories have been determined, the

satisfaction index (SI) and dissatisfaction index (DI) can

be used to distinguish among individual attributes within

the same category [19, pp. 18]. They are calculated as fol-
lows:

SI= (A+O)/(A+O+M+I) (1)

DI= (O+M)/(A+O+M+I) (2)

A higher SI value indicates a greater increase in user

satisfaction when the corresponding attribute is provided,
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whereas a more negative DI value indicates greater user

dissatisfaction when the attribute is not provided. Subse-
quently, the average satisfaction coefficient ( ASC) was

proposed as an integrated alternative to SI and DI for as-
sessing the overall degree of need associated with each at-

tribute [20]. It is calculated as follows:

ASC= ( SI + DI )/2 (3)

In the context of spatial allocation, both the need cat-
egory identified by the Kano model and the ASC should

be considered to comprehensively evaluate users’needs.

Table1 Kanoevaluationforneedcategories

If the attribute is not provided
If the attribute is provided

I like it I expect it I am neutral I can tolerate it I dislike it

I like it Q R R R R

I expect it A I I I R

I am neutral A I I I R

I can tolerate it A I I I R

I dislike it O M M M Q

1.2 Andersen’sbehavioralmodel

User needs are influenced by multiple factors to var-
ying degrees. Previous studies in architecture[21], sociol-
ogy [22], and medicine [23]have investigated factors as-
sociated with community eldercare service needs using

methods such as linear regression [24]and correlation a-
nalysis [25]. These studies have consistently identified

age, functional status, living arrangements, support from

adult children, income, health status, frequency of medical

visits, health insurance coverage, and educational attain-
ment as common factors associated with service needs.

Andersen’s behavioral model is widely used in healthcare

research to examine factors influencinghealthcare utiliza-
tion [24]. The model classifies determinants into three di-
mensions: predisposing characteristics, enabling resources,

and need factors. Predisposing characteristics include de-
mographic characteristics, social structure, and health be-
liefs; enabling resources include individual, family, and

community resources; and need factors comprise both per-
ceived and evaluated needs [26].

In this study, Andersen’s behavioral model is applied

to functional-space allocation in community eldercare fa-
cilities. The survey examines population characteristics

across the model’s three dimensions: predisposing charac-
teristics such as age, sex, and educational attainment; ena-
bling resources such as living arrangements, income, occu-
pation, and proximity to adult children; and need factors

such as functional status.

Figure1 Researchframework

1.3 Researchframework

From a needs-based perspective, this study first con-
ducted a preliminary survey to identify users’functional-
space needs for community eldercare facilities and the fac-
tors associated with these needs, thereby informing the

subsequent questionnaire survey and interviews. The Kano

model was then used to determine allocation priorities for each

functional-space attribute based on its need category and degree

of need. Cluster analysis was subsequently used to identify typ-
ical user groups, for which tailored spatial allocation models

were developed. Finally, a spatial allocation model based on

functionally independent modules was proposed for community

eldercare facilities (Figure 1).
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2 Surveyofcommunityeldercarefacilitiesbasedonthe
Kanomodel

2.1 Preliminarysurveyonuserpreferencesforcommunity
eldercareFacilities

  To accurately identify users’functional-space needs

and the factors associated with them, the research team

conducted two rounds of surveys and interviews in Tian-
jin’s six central urban districts from 2020 to 2022. Owing

to COVID-19 restrictions, 594 online questionnaires and

50 face-to-face questionnaires were administered as part of

the preliminary survey, yielding 465 valid responses. Giv-
en that the needs of both older adults and those approac-
hing old age are equally important, no age restriction was

imposed on survey participants. The coding and frequency

distributions of the relevant factors are presented in Table

2. A five-point Likert scale was used to assess respond-
ents’ preferences across six functional categories. The

scores, in descending order, were community dining facili-
ties (4. 24), medical care (4. 21), residential care ( 3. 90),

healthcare and nursing (3.71), cultural and recreational ac-
tivities (3.69), and consultation services (3.34). The prelim-
inary survey also included questions on participants’will-
ingness to use community eldercare facilities and the ex-
isting provision of such facilities. These findings provided

the basis for selecting the functional-space attributes and

factors associated with user needs for the subsequent Kano

questionnaire.

Table2 Codingandrelativefrequencydistributionofvariablesinthepreliminarysurveyofpreferencesforcommunityeldercarefacilities

Factors associated with user needs Coding and relative frequencies

Age
1< = 30 years (0.07); 2= 31-40 years (0.18); 3= 41-50 years (0.17); 4= 51-60 years (0.27); 5= 61-70 years (0.24); 6= > 70

years (0.07)

Gender 1= Male (0.33); 2= Female (0.67)

Functional Status1
1= Intact physical function (0.58); 2= Mild functional impairment (0.38); 3= Moderate functional impairment (0.03); 4=

Severe functional impairment (0.01)

Living arrangement
1= Living alone (0.09); 2= Living with a spouse (0.59); 3= Living with adult children (0.18); 4= Living in a multigenera-
tional household (0.11); 5= Other (0.03)

Total monthly income2
1= No income (0.01); 2= < RMB 3,000 (0.34); 3= RMB 3,000-5,000 (0.19); 4= RMB 5,001-8,000 (0.15); 5= > RMB 8,

000 (0.31)

Educational attainment
1= Below primary school (0.01); 2= Primary school (0.01); 3= Junior high school (0.15); 4= Senior high school or techni-
cal secondary school (0.15); 5= Junior college diploma, bachelor’s degree, or higher qualification (0.68)

Occupational category3

1= Heads of government agencies or organizations (0.17); 2= Technical professionals (0.30); 3= General staff (0.18); 4=

Service workers (0.05); 5= Workers in agriculture, forestry, animal husbandry, fisheries, and water conservancy (0.09); 6=

Military personnel and students (0.04); 7= Other (0.17)

Proximity to adult children
1= Nearby (same city or province) (0.56); 2= Moderate distance (neighboring province) (0.03); 3= Distant (non-neighbor-
ing province or abroad) (0.27); 4= Mixed distances (multiple children) (0.09); 5= Prefer not to disclose (0.05)

Total number of valid questionnaires 465

1 In this survey, functional status was self-assessed on a four-point scale across four domains: self-care ability, perception, memory, and attention, where 1 indica-
ted normal functioning and 4 indicated severe difficulty. Functional status was then classified according to the total score: 4= intact physical function, 5-8= mild

functional impairment, 9-12= moderate functional impairment, and 13-16= severe functional impairment. The classification criteria were based on the Standard for

Design of Care Facilities for the Aged (JGJ 450-2018).

2 Income categories were defined with reference to Tianjin’s minimum wage standard (RMB 2,180 per month during the survey period) and the average wages of

employees in non-private and private-sector organizations reported in the 2022 Tianjin Yearbook (approximately RMB 5,000-9,000 per month).

3 Occupational categories were defined with reference to the Classification and Codes of Occupations (GB/T 6565—2015).

2.2 Classificationoffactorsassociatedwithuserneeds

Based on the correlation analysis of the preliminary

survey data (Table 3), factors with relatively high Pearson

correlation coefficients indicating linear relationships or

Spearman rank correlation coefficients indicating rank-or-
der relationships were selected for inclusion in the Kano

questionnaire. These factors included age and educational

attainment ( predisposing characteristics), living arrange-
ments and income (enabling resources), and functional sta-
tus (need factors). Given the relatively high correlations

between age and functional status (r = 0.568) and between

educational attainment and total monthly income ( r =
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0.631), the factors associated with user needs were re-
grouped within Andersen’s Behavioral Model into three

analytical dimensions: individual characteristics, family

characteristics, and socioeconomic characteristics.

Table3 Correlationanalysisoffactorsassociatedwithuserneedsinthepreliminarysurvey

Spearman

correlation

Pearson correlation

Age Gender
Functional

status

Living

arrange-
ment

Total

monthly

income

Educational

attainment

Occupa-
tional

category

Proximity

to adult

children

Meal

services

Care

services

Health

mainte-
nance and

rehabilitation

Medical

and

nursing

care

Cultural

and

recreational

facilities

Assistance

services

Age 1 —0.073 0.568*** —0.313*** —0.465*** —0.530*** 0.451*** 0.353*** —0.011 —0.237*** —0.280*** 0.060 —0.070 —0.371***

Gender —0.061 1 —0.059 0.116** —0.063 —0.100 —0.232*** 0.034 0.088 —0.004 0.037 0.033 0.024 0.080

Functional status 0.593*** —0.033 1 —0.260*** —0.442*** —0.446*** 0.364*** 0.358*** —0.016 —0.218*** —0.191*** 0.024 —0.116** —0.313***

Living arrangement —0.333*** 0.126** —0.296*** 1 0.163*** 0.239*** —0.015 —0.203*** —0.054 0.060 0.143** —0.073 0.035 0.084

Total monthly income —0.461*** —0.023 —0.463*** 0.208*** 1 0.631*** —0.497*** -0.485*** —0.069 0.253*** 0.211*** —0.127** —0.021 0.318***

Educational attainment —0.528*** —0.093 —0.484*** 0.255*** 0.613*** 1 —0.305*** —0.075 —0.060 0.205*** 0.130** —0.151*** —0.002 0.196***

Occupational category 0.438*** —0.198*** 0.382*** -0.075 —0.557*** —0.400*** 1 0.349*** —0.068 —0.165*** —0.194*** 0.038 0.030 —0.298***

Proximity to adult children 0.344*** 0.055 0.406*** —0.284*** —0.455*** —0.288*** 0.353*** 1 0.033 —0.211*** —0.279*** 0.045 0.099 —0.278***

Meal services —0.011 0.117** 0.008 —0.037 —0.033 —0.057 —0.096 0.042 1 0.581*** 0.572*** 0.695*** 0.448*** 0.371***

Care services —0.303*** —0.010 —0.283*** 0.088 0.327*** 0.305*** —0.233*** —0.258*** 0.349*** 1 0.711*** 0.573*** 0.209*** 0.616***

Health maintenance

and rehabilitation
—0.340*** 0.021 —0.266*** 0.202*** 0.257*** 0.186*** —0.223*** —0.325*** 0.318*** 0.543*** 1 0.584*** 0.265*** 0.567***

Medical and nursing care 0.084 0.058 0.151*** —0.118** —0.119** —0.165*** 0.089 0.086 0.351*** 0.283*** 0.330*** 1 0.338*** 0.366***

Cultural and

recreational facilities
0.012 —0.027 —0.015 0.028 —0.031 —0.005 0.097 0.099 0.275*** —0.004 0.081 0.095 1 0.368***

Assistance services —0.362*** 0.085 —0.309*** 0.091 0.332*** 0.225*** —0.302*** -0.280*** 0.231*** 0.496*** 0.457*** 0.218*** 0.198*** 1

* : P< 0.1; ** : P< 0.05; *** : P< 0.01

Table4 Codingoffunctional-spaceattributesintheKanoquestionnaire

Level-2

code

Level-2 functional

category

Level-1

code
Level-1 functional-space attribute

A

Cultural and

recreational

facilities

A1 Arts activity room

A2 Leisure room

A3 Sports activity room

A4 Multifunctional room

A5 Outdoor activity area

B

Medical and

healthcare

services

B1 Healthcare and nursing room

B2 Medical consultation room

B3 TCM consultation room

B4 Pharmacy

C
Residential

care

C1 Nap room

C2 Single-occupancy room

C3 Twin room

C4 Multi-bed room

C5 Two-person suite

C6 Shared living room

C7 Staff dormitory

(Continued)

Level-2

code

Level-2 functional

category

Level-1

code
Level-1 functional-space attribute

D

Community

dining

facilities

D1 Community dining hall

D2 Institutional dining hall

D3 Staff dining hall

D4 Takeaway window

2.3 Identificationoffunctional-spaceattributesforthe
Kanoquestionnaire

  Based on the findings of the preliminary preference

survey, the functional-space attributes included in the Ka-
no questionnaire were organized into four functional cate-
gories: cultural and recreational facilities, medical and

healthcare services, residential care, and community dining

facilities. Each category was subdivided into specific space

types, yielding a total of 20 first-level functional-space at-
tributes. The coding scheme is presented in Table 4.

2.4 QuestionnairedesignbasedontheKanomodel

The Kano questionnaire consisted of paired function-
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al and dysfunctional questions, and the resulting data were

analyzed according to the Kano model. Drawing on previ-
ous studies of question design and response formats for

the Kano model [19, pp.5-10], this study adopted a five-
point response scale. The question design and wording of

the response options are shown in Figure 2.

Figure2 DesignoftheKanoquestionnaireitems

3 Analysisoffunctional-spaceneedsforcommunityel-
dercarefacilities

  The coding of factors associated with user needs in

the Kano questionnaire was consistent with that used in

the preliminary survey. No eligibility restrictions were im-
posed on the basis of age, functional status, living arrange-

ments, or other characteristics. To better capture users’

actual perceptions, the Kano questionnaire was adminis-
tered through both online and face-to-face surveys. A to-
tal of 170 online questionnaires and 53 face-to-face ques-
tionnaires were collected, yielding 210 valid responses

( Table 5) .

Table5 CodingandrelativefrequenciesoffactorsassociatedwithuserneedsintheKanoquestionnaires

Factor associated with user needs Coding and relative frequencies

Individual

characteristics

Age 1= < 50 years (0.26); 2= 50-59 years (0.17); 3= 60-69 years (0.25); 4= > 70 years (0.32)

Functional status
1= No functional impairment (0.59); 2= Mild functional impairment (0.33); 3= Moderate functional impair-
ment (0.07); 4= Severe functional impairment (0.01)

Family

characteristics

Living

arrangement

1= Living alone (0.12); 2= Living with a spouse (0.53); 3= Living with adult children (0.17); 4= Living in a

multigenerational household (0.07); 5= Residing in an eldercare institution (0.11)

Socioeconomic

characteristics

Total monthly

income

1= No income (0.06); 2= < RMB 3,000 (0.13); 3= RMB 3,000-5,000 (0.37); 4= RMB 5,001-8,000 (0.27); 5=

> RMB 8,000 (0.17)

Educational

attainment

1= Below primary school (0.02); 2= Primary school (0.03); 3= Junior high school (0.19); 4= Senior high

school or technical secondary school (0.30); 5= Junior college diploma, bachelor’s degree, or higher qualifica-
tion (0.46)

Total number of valid questionnaires 210

aIn this survey, functional status was self-assessed on a four-point scale across four domains: self-care ability, perception, memory, and attention, where 1 indicated

normal functioning and 4 indicated severe difficulty. Functional status was then classified according to the total score: 4= no functional impairment, 5-8= mild

functional impairment, 9-12= moderate functional impairment, and 13-16= severe functional impairment.

  The responses were classified according to the Kano

evaluation matrix (Table 1). For each functional-space at-
tribute, the need category receiving the highest number of

responses (Must-be, One-dimensional, Attractive, or Indif-
ferent) was assigned as its final Kano category. The classi-
fication results are presented in Figure 3. Among the cul-
tural and recreational attributes (A1-A5), all were classi-
fied as Indifferent attributes, although the number of One-
dimensional responses for the outdoor activity area was

second only to the number of Indifferent responses. The

medical and healthcare attributes (B1-B4) were predomi-
nantly classified as One-dimensional attributes. All resi-
dential care attributes (C1-C7) were classified as Indiffer-

ent attributes. Within the community dining category (D1-
D4), the community dining hall was classified as a One-di-
mensional attribute, whereas the remaining attributes were

classified as Indifferent. Overall, the surveyed population

did not exhibit clear needs for either residential care or

cultural and recreational facilities. This finding highlights

the necessity of further analyses based on population char-
acteristics.

The ASC values are presented in Figure 4. Among

the four functional categories, medical and healthcare

services (B1-B4) exhibited the highest overall degree of

need, followed by community dining facilities ( D1-D4)

and cultural and recreational facilities (A1-A5), whereas

18
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residential care (C1-C7) showed the lowest degree of need.

For the individual functional-space attributes, an ASC ≥
0.50 was regarded as indicating a high degree of need.

Ranked in descending order, these attributes were pharma-
cy, medical consultation room, TCM consultation room,

and community dining hall. Attributes with 0.40 ≤ ASC

< 0.50 were considered to indicate some degree of need,

including, in descending order, the outdoor activity area,

healthcare and nursing room, takeaway service window,

and institutional dining hall.

Figure3 Kanoneedcategoriesandaveragesatisfactioncoefficientvaluesforfunctional-spaceattributesincommunityeldercarefacilities

4 Analysisoffunctional-spaceneedsbasedonpopula-
tioncharacteristics

4.1 ClusterAnalysisofUserNeedsAcrossPopulationGroups

The overall analysis showed that, with the exception

of medical and healthcare services, the surveyed popula-
tion exhibited relatively low degrees of need for the re-
maining functional categories (ASC < 0.50), and most of

the associated attributes were classified as Indifferent. To

further explore differences in user needs among population

groups, a cluster analysis based on the Kano need catego-
ries was conducted (Figure 4). Population characteristics

were analyzed according to the Kano classifications (Must-
be, One-dimensional, and Attractive). The results indicate

that respondents who exhibited a need for cultural and

recreational facilities were generally characterized by older

age, good functional status, co-residence with adult chil-
dren, a total monthly income of RMB 3,000-5,000, and a

senior high school education. Respondents with greater

need for residential care facilities were typically character-

ized by older age, poorer functional status, multigenera-
tional living arrangements, a total monthly income of

RMB 3,000-8,000, and a junior or senior high school edu-
cation. Those expressing stronger need for community

dining facilities were generally older adults in poorer

physical condition who lived with their adult children, had

a total monthly income of RMB 3,000-5,000, and had com-
pleted senior high school education. Medical and health-
care services were generally classified as Attractive attrib-
utes by the surveyed population.

The cluster analysis demonstrates that functional-
space needs differ substantially across population groups

with different characteristics. Accordingly, the following

sections examine these differences from three perspectives:

individual characteristics, family characteristics, and soci-
oeconomic characteristics.

4.2 Functional-spaceneedsbyindividualcharacteristics

Based on individual characteristics, respondents were

classified into three groups (Figure 5): respondents youn-

28
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ger than 60 years with intact or mildly impaired physical

function (Group 1, a dotted line with square markers); re-
spondents older than 60 years with intact or mildly im-
paired physical function (Group 2, a solid line with trian-
gular markers); and respondents older than 60 years with

moderate or severe physical impairment ( Group 3, a

dashed line with circular markers). The Kano need catego-
ry of each first-level functional-space attribute ( A1-D4)

was determined for each group. In Figure 5, Must-be, One-
dimensional, and Attractive attributes are indicated in or-
ange, yellow, and green, respectively. The same color

scheme is used in Figures 6 and 7.

a1 Age-functionalstatus

    

b1 Livingarrangement

C1 Totalmonthlyincome-educationalattainment

1Thenumberofclusterswasdeterminedbasedonclustermembershipandthesignificancemeasurereportedbytheanalysis.Solutionswith2-8clusterswere

tested,andthesolutionwitharelativelybalanceddistributionofclustermembersandacomparativelylargedecreaseinthesignificancemeasurewasselected.

Figure4 Clusteranalysisofpopulationcharacteristicsbasedonfactorsassociatedwithuserneeds
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Figure5 DistributionofKanoneedcategoriesbyindividualcharacteristics

Figure6 DistributionofKanoneedcategoriesbyfamilycharacteristics
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Figure7 DistributionofKanoneedcategoriesbysocioeconomiccharacteristics

  Need for cultural and recreational facilities was most

pronounced in Group 2. The functional spaces for this

group were prioritized as follows: outdoor activity area >

arts activity room > multifunctional room > leisure

room > sports activity room.

For medical and healthcare services, Groups 2 and 3,

both comprising respondents older than 60 years, exhibited

greater need. Notably, comparison of the ASC values indi-
cates that the degree of need for medical and healthcare

services did not continue to increase as functional status

deteriorated. A possible explanation is that respondents

with poorer functional status generally sought inpatient

treatment at general hospitals and therefore relied less on

community-based medical services. For Group 2, the pri-
ority ranking was: pharmacy > medical consultation room

> TCM consultation room > healthcare and nursing

room. For Group 3, the priority ranking was: healthcare

and nursing room > pharmacy > medical consultation

room > TCM consultation room.

All residential care attributes were classified as Indif-
ferent attributes. Groups 1 and 2 exhibited the lowest need

for this functional category. However, need for shared liv-

ing rooms and single-occupancy rooms increased with age.

Respondents in Group 3 showed relatively greater need for

residential care facilities, with the following priority rank-
ing: two-person suite > single-occupancy room > nap

room > staff dormitory > shared living room > twin

room > multi-bed room.

For community dining facilities, need was more pro-
nounced among Groups 2 and 3, and both groups shared

the same priority ranking: community dining hall >

takeaway service window > institutional dining hall >

staff dining hall. According to the interview responses, the

relatively low preference for staff dining halls reflected re-
spondents’expectation that staff members should dine to-
gether with older adults. Comparison of the ASC values

across the three groups further indicates that the degree of

need for community dining facilities tended to increase

with advancing age and declining functional status.

4.3 Functional-spaceneedsbyfamilycharacteristics

Based on the correlation analysis and previous stud-
ies, living arrangement was the only family-related factor

considered in relation to user needs. Accordingly, re-
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spondents were classified into five groups (Figure 6): liv-
ing alone (Group 1; a solid line with square markers), liv-
ing with a spouse (Group 2; a dotted line with circular

markers), living with adult children (Group 3; a dotted line

with triangular markers ), living in a multigenerational

household (Group 4; a dashed line with star-shaped mark-
ers), and residing in an eldercare institution (Group 5; a

dashed line with diamond-shaped markers).

For cultural and recreational facilities, respondents

residing in eldercare institutions exhibited the greatest

need, with all attributes classified as One-dimensional.

Their priority ranking was: multifunctional room > arts

activity room > leisure room > outdoor activity area >

sports activity room. Respondents living in multigenera-
tional households showed the second-highest level of

need. Except for the sports activity room, all functional

spaces were classified as Must-be attributes. Their priority

ranking was: outdoor activity area > multifunctional

room > leisure room > arts activity room > sports ac-
tivity room. In both groups, sports activity rooms ranked

lowest in terms of need, owing to the respondents’rela-
tively advanced age.

For medical and healthcare services, the greatest need

was observed among respondents living in multigenera-
tional households and those residing in eldercare institu-
tions. For respondents in multigenerational households, all

medical and healthcare attributes were classified as Must-
be (M). Among institutional residents, the pharmacy, med-
ical consultation room, and TCM consultation room were

classified as One-dimensional attributes (O). Respondents

living alone and those living with a spouse exhibited the

second-highest level of need. In both groups, the pharmacy

and medical consultation room were classified as One-di-
mensional attributes, while respondents living alone fur-
ther identified the healthcare and nursing room and the

TCM consultation room as Attractive attributes. Across all

five groups, the priority ranking remained consistent:

pharmacy > medical consultation room > TCM consul-
tation room > healthcare and nursing room.

For residential care facilities, the need was greatest a-
mong respondents residing in eldercare institutions, with

the following priority ranking: single-occupancy room >

nap room > shared living room > staff dormitory >

twin room > two-person suite > multi-bed room. Re-
spondents in multigenerational households exhibited the

second-highest level of need, with the following ranking:

two-person suite > shared living room > single-occu-
pancy room > nap room > twin room > multi-bed room

> staff dormitory. Notably, among respondents living a-
lone, only the shared living room was classified as a One-
dimensional attribute (O), suggesting a strong desire to

participate in small-scale communal activities.

For community dining facilities, respondents residing

in eldercare institutions exhibited the greatest need, with

all attributes classified as One-dimensional (O). Their pri-
ority ranking was: community dining hall > institutional

dining hall > takeaway service window > staff dining

hall. Respondents in multigenerational households and

those living alone showed the second-highest level of need

and shared the same priority ranking: community dining

hall > takeaway service window > institutional dining

hall > staff dining hall. It is noteworthy that respondents

residing in eldercare institutions expressed a particularly

high level of need for community dining facilities. Ac-
cording to the interview findings, this may reflect both a

desire for more diverse dining options and a desire to re-
turn to home-based eldercare while overcoming difficulties

in accessing meals.

4.4 Functional-spaceneedsbysocioeconomiccharacteris-
tics

  Respondents were classified into four groups accord-
ing to total monthly income and educational attainment, as

shown in Figure 7. Group 1 (a solid line with square mark-
ers): total monthly income below RMB 3,000, with a junior

high school, senior high school, or technical secondary

school education; Group 2 ( a dotted line with circular

markers): total monthly income of RMB 3,000-8,000, with

a junior high school, senior high school, or technical sec-
ondary school education; Group 3 (a dotted line with tri-
angular markers): total monthly income of RMB 3, 000-
8,000, with a junior college education, bachelor’s degree,

or higher qualification; Group 4 (a dashed line with star-
shaped markers): total monthly income above RMB 8,000,

with a junior college education, bachelor’s degree, or
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higher qualification.

For cultural and recreational facilities, Group 1 ex-
hibited the greatest need. The priority ranking was: out-
door activity area > leisure room > multifunctional room

> arts activity room > sports activity room. Comparison

of the ASC values indicates that all socioeconomic groups

showed a general need for an outdoor activity area.

For medical and healthcare services, all four groups

demonstrated a substantial degree of need (ASC > 0.40).

The overall priority ranking was: pharmacy > medical

consultation room > TCM consultation room > health-
care and nursing room. Compared with the other groups,

Group 4 exhibited a relatively greater need for the health-
care and nursing room. Moreover, the degree of need for

this functional space tended to increase with total monthly

income.

For residential care facilities, Group 1 exhibited the

greatest need. The priority ranking was: nap room > sin-
gle-occupancy room > twin room > shared living room

> two-person suite > staff dormitory > multi-bed room.

Group 4 showed the second-highest level of demand, with

the following ranking: shared living room > single-occu-
pancy room > nap room > staff dormitory > two-per-
son suite > twin room > multi-bed room. Comparison of

the ASC values suggests that the overall degree of need

for residential care facilities declined as total monthly in-
come increased. However, the degree of need for single-
occupancy rooms and shared living rooms remained rela-
tively stable, indicating that higher-income respondents

placed greater emphasis on the quality of spatial provision.

For community dining facilities, Group 1 exhibited

the greatest need, with the following priority ranking:

community dining hall > institutional dining hall > staff

dining hall > takeaway service window. The relatively

low preference for the takeaway service window among

this group may be attributable to financial constraints.

Comparison of the ASC values further indicates that the

degree of need for community dining facilities tended to

decrease as total monthly income increased.

5 Spatialallocationmodelbasedonfunctionallyinde-
pendentmodulesforcommunityeldercarefacilities

  Given the substantial differences in functional-space

needs across population groups, this study proposes a spa-
tial allocation model for community eldercare facilities

based on functionally independent modules. The proposed

model comprises four functionally independent modules:

cultural and recreational facilities, medical and healthcare

services, residential care, and community dining facilities.

Resource sharing with the urban community is encour-
aged, and a spatial allocation model is developed for each

module.

5.1 Spatialallocationmodelfortheoverallpopulation

Based on the analysis of the overall population, the

first-level functional-space attributes were assigned to

three allocation categories: priority, recommended, and op-
tional. Priority spaces comprise attributes classified as

One-dimensional (O) under the Kano model. Recommen-
ded spaces comprise attributes classified as Indifferent (I)

with 0.40 ≤ ASC < 0.50. Optional spaces have ASC val-
ues of approximately 0.30 and may be provided according

to actual conditions (Figure 8). Based on the overall ASC

values, medical and healthcare services and community

dining facilities should be prioritized.

Within the cultural and recreational module, the out-
door activity area should be included as a recommended

space based on its Kano classification. The interviews in-
dicated that the multifunctional room was classified as an

Indifferent attribute partly because some respondents were

unfamiliar with its potential uses. Given the diversity of

recreational needs, however, it is also recommended for

inclusion. Reading rooms and chess/card rooms may be in-
troduced initially, while other functions can be determined

according to local user preferences. With reference to the-
Construction Standards for Urban Com munity Service Sta-
tions(Jianbiao 167-2014) and the Standard Design Atlas for

Community Day-Care Centers for Older Adults (14J819), a

spatial allocation model for the cultural and recreational

module was developed, as shown in Figure 9(a). Spatial

organization should emphasize the separation of active and

quiet areas. Compared with small, self-contained rooms,

partially open multifunctional spaces facilitate flexible de-
sign and create an inviting recreational atmosphere.
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Figure8 Statisticsonfunctional-spaceallocationanddegreesofneedincommunityeldercarefacilities

(a) Culturalandrecreationalmodule

      
(b)Medicalandhealthcaremodule

(c)Residentialcaremodule

      
(d)Communitydiningmodule

Figure9 Spatialallocationmodelsforcommunityeldercarefacilities

  Within the medical and healthcare module, the phar-
macy, medical consultation room, and TCM consultation

room are identified as priority spaces, whereas the health-
care and nursing room is recommended. Based on the Bas-
ic Standards for Nursing Stations in Eldercare Institutions

(Trial), the Basic Standards for Medical Offices in Eldercare

Institutions (Trial ), the Basic Standards for Urban Com-
munity Health Service Centers and Stations, and the Con-
struction Standards for Com munity Health Service Centers

and Stations (Jian Biao 163-2013), the proposed spatial al-
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location model is presented in Figure 9(b). Considering the

physical conditions of older users, a waiting area should

be incorporated to serve multiple purposes, including

waiting to collect medication, waiting for consultations,

and resting.

Within the residential care module, all functional

spaces are regarded as optional. Among them, single-occu-
pancy rooms, shared living rooms, and staff dormitories

are recommended as the initial configuration. Although the

staff dormitory had a relatively low ASC, it was retained

as an optional space because it supports the operation and

use of eldercare facilities andwas not classified as a Re-
verse (R) attribute. The spatial allocation model for the

residential care module was developed with reference to

the Standard for Design of Care Facilities for the Aged (JGJ

450-2018) and the Construction Standards for Com munity

Day-Care Centers for Older Adults (Jianbiao 143-2010), as

shown in Figure 9(c).

Within the community dining module, the community

dining hall should be provided as a priority space, with

both dine-in and meal delivery services available. The rati-
o of dining area to kitchen area should be determined ac-
cording to project-specific conditions. Based on the Stand-
ard for Design of Dietetic Buildings (JGJ 64-2017) and the

Standard for Design of Care Facilities for the Aged (JGJ

450-2018), the proposed spatial allocation model is shown

in Figure 9(d). The dining area may be integrated with

complementary functions, such as cafés or bakeries, to at-

tract community residents and encourage intergenerational

participation. A separate goods-delivery route and staff

entrance and exit should be provided, and the circulation

routes should be carefully organized.

5.2 Spatialallocationmodelsfortypicalpopulationgroups

Based on the analysis of high-need groups across the

three dimensions described in Section 4, the proportions of

the different Kano need categories were calculated, as

shown in Figure 10. Longer bars indicate a higher degree

of need. The colors represent the Kano categories in the

following order of priority: Must-be (M; orange) > One-
dimensional (O; yellow) > Attractive (A; green); gray in-
dicates no identified need. The results show that respond-
ents residing in eldercare institutions and those living in

multigenerational households exhibited more pronounced

willingness to use community eldercare facilities and

stronger functional-space needs, followed by respondents

living alone and those older than 60 years. By synthesizing

the characteristics of these high-need groups, two repre-
sentative user profiles were identified: Typical Group I: a-
dults aged over 60 years, living alone, with relatively good

functional status; Typical Group II: adults aged over 60

years, residing in eldercare institutions, with relatively

poor functional status. The proportions of need categories

and the degree of need for these two representative groups

are presented in Figure 11, while the corresponding spatial

allocation models are illustrated in Figures 12 and 13.

Figure10 Functional-spaceallocationandproportionsofKanoneedcategoriesbypopulationcharacteristics

  Compared with the overall population ( Figure 9),

both typical groups exhibited markedly greater overall

need for community eldercare facilities, while the overall

degree of need in Typical Group I was clearly lower than

that in Typical Group II. As shown in Figure 11, Typical

Group I exhibited a pronounced need for a pharmacy and
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a preference for a higher-quality living environment, as re-
flected in its need for single-occupancy rooms and shared

living rooms. Typical Group II exhibited the highest de-
gree of need for the takeaway service window, followed by

the community dining hall, pharmacy, two-person suite,

and institutional dining hall. Most respondents in this

group belonged to lower-income households. They exhibi-
ted the greatest need for dining services and expressed a

preference for private space alongside a willingness to

share accommodation.

Figure11 DegreesofneedforspatialallocationandproportionsofKanoneedcategoriesfortypicalgroups

5.3 Summaryoffunctional-spaceallocationneeds

For the overall population, the ASC values for the

four second-level functional categories, in descending or-
der, were medical and healthcare services (0.53) > com-
munity dining facilities (0.42) > cultural and recreational

facilities (0.37) > residential care (0.29).

For Typical Group I, that is, adults aged over 60

years, living alone, with relatively good functional status,

the ranking was: medical and healthcare services ( 0. 70)

> community dining facilities ( 0. 42 ) > cultural and

recreational facilities ( 0. 34) > residential care ( 0. 31),

which is consistent with that of the overall population.

For Typical Group II, that is, adults aged over 60 years,

residing in eldercare institutions, with relatively poor

functional status, the ranking was: community dining fa-
cilities ( 0.77) > medical and healthcare services ( 0.63)

> residential care ( 0.61) > cultural and recreational fa-
cilities ( 0.37) .

As functional status declined, the degree of need for

community dining facilities increased markedly, with the

next-largest increase observed for residential care. In addi-
tion, no clear preferences were observed for arts activity

rooms or leisure rooms. Consequently, the provision of

these functional spaces should be determined in conjunc-
tion with local demographic characteristics, regional cul-
ture, and project-specific planning objectives.

Conclusions

An increasing number of studies have recognized that

the needs of community eldercare users vary across popu-
lation groups with different characteristics [13]. Failure to

adequately understand and incorporate these diverse needs

may exacerbate existing problems in community eldercare

facilities, including poorly coordinated functions, mismat-
ches between supply and demand, and operational ineffi-
ciencies. Owing to the complexity and heterogeneity of

community populations, accurately identifying local needs

remains challenging, resulting in a lack of evidence-based

guidance for functional-space allocation.
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Figure12 SpatialallocationmodelforTypicalGroupⅠ

  To address this issue, this study proposes a needs-
based method for the spatial allocation of community el-
dercare facilities by integrating the Andersen Behavioral

Model and the Kano model. The proposed approach first

organizes population characteristics into multiple dimen-
sions based on the Andersen Behavioral Model and then

uses the Kano model to identify groups with distinctive

characteristics across these dimensions according to their

need categories and degrees of need. In addition to assess-
ing the needs of the overall population, the proposed

method identifies typical high-need groups and determines

their spatial needs and corresponding allocation priorities.

This method can identify how high-need groups within a

community differ in their characteristics and willingness to

use eldercare facilities. It can therefore help designers

make better-informed decisions about facility functions,

target users, and management strategies, develop more ap-
propriate and diverse eldercare spaces, and provide a

methodological basis for allocating spaces according to

user needs.

Application of the proposed method to community

eldercare facilities in the central urban area of Tianjin fur-
ther demonstrates the heterogeneity of user needs. Older a-
dults in good functional status exhibited relatively greater

need for cultural and recreational facilities, whereas older

adults with poorer functional status showed substantially

stronger need for community dining facilities. Lower-in-
come respondents expressed greater need for single-occu-
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pancy rooms, healthcare and nursing rooms, and commu-
nity dining halls. Identifying differences in user needs can

support more targeted design and prompt further consider-
ation of their implications for facility planning. For exam-
ple, spaces serving people of advanced age should provide

appropriately located seating, incorporate smart technolo-

gies, and create an age-friendly environment. For users

with poorer functional status, takeaway service windows

should be integrated into community dining facilities to

strengthen community eldercare service provision. Spaces

serving lower-income groups should minimize user costs

while remaining operationally viable.

Figure13 SpatialallocationmodelforTypicalGroupⅡ

  Although the findings of this study may not be di-
rectly applicable to every community, the proposed meth-
od for identifying user needs and allocating functional

spaces provides a useful reference for the planning and de-
sign of community eldercare facilities. Future research

should expand the sample size to further investigate the

needs of population groups with different characteristics.

It should also compare these needs with the existing sup-
ply of urban eldercare services to examine spatial alloca-
tion more comprehensively and inform the development of

eldercare models suited to the Chinese context.

SourcesofFiguresandTables
Figures 1-13: Prepared by the authors.

Table 1: Ref. [19].
Tables 2-5: Prepared by the authors.
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