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Introduction: Diversification of demand leads to a wide range of older adults 
home care services and services market flexibility. In order to quickly respond to 
changing market demand, during the standard functioning of individual services, 
enterprises will choose the optimal combination of packages to meet the 
market’s expected demand and preferences to ensure that the enterprise can be 
in the uncertainty of the market regulation and has a relatively stable source of 
customers. The ability of companies to design older adults care service product 
families based on their operational strategy and financial position, thereby 
increasing their ability to enter emerging markets, is a key challenge.

Methods: Firstly, the demand of the initial older adults group is obtained. 
Secondly, the attributes of each service item are classified using the Kano model. 
Finally, the actual operation constraints of the enterprise are incorporated, 
taking into account customer preference. Critical configuration problems such 
as module type, customer demand, probability of selection, and cost are also 
considered. The genetic algorithm is used to maximize the enterprise profit while 
considering customer preference. The efficacy of the approach is illustrated by 
the design exemplification of an older adult home care services firm.

Results: This research suggests a novel method to product family design for 
older adults care services. The method determine the optimal older adults 
home care service product architecture system.

Discussion: The article discusses three aspects of model parameters, potential 
constraints and extended application of the model for different contexts to 
expand the applicability and relevance of the study.
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1 Introduction

The proportion of individuals aged 65 and above in China’s total population is steadily rising. 
As of 2023, this age group accounts for 15.4% of the population. With the aging trend accelerating, 
it is projected that by approximately 2031, the proportion of individuals aged 65 and above will 
exceed 20%, marking the transition into a super-aging society (1). The issue of aging has emerged 
as a significant concern in the rejuvenation of the Chinese people. Focusing on this matter will 
undoubtedly facilitate comprehensive economic and social transformation. Home care service is a 
type of assistance society offers to older individuals who live at home to address the challenges they 
face in their everyday lives. Based on survey data from the China Health and Wellness Commission, 
China’s older adults care pattern can be summarized as “9,073.” This means that around 90% of the 
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older adult population live in their own homes, 7% depend on 
community-based care, and 3% reside in older adults care institutions. 
Aging in place is the predominant form of aging in China. Consequently, 
there is a substantial need for home care services for older people at home 
(2, 3). In China, home care facilities’ operational modes are primarily 
categorized into four types: government-funded operation, privately 
funded operation, government-funded private operation, and civilian-
operated public assistance (4). Government-funded operation denotes an 
establishment funded, managed and administered by the government. 
Civilian-operated public assistance entails the government’s selection of 
appropriate service providers via open tender, wherein the government 
subsidizes but does not engage in the operational management of these 
providers. These two models are non-profit and primarily focused on 
low-income older individuals in poor physical condition with limited 
flexibility, predominantly providing low-cost or complimentary aged care 
services, lacking universality. The government-funded private operation 
model denotes a government-funded establishment operated by the 
private sector for profit. However, it struggles to deliver the leisure-
oriented aged care services sought by seniors, resulting in incomplete 
coverage. The model is appropriate for the initial phase of aging 
development, characterized by market-oriented self-financing. However, 
as the government supplies hardware facilities, investors may refrain from 
augmenting their investment during operations, potentially 
compromising service quality. The privately funded operation model 
denotes the private sector financing a venture’s initiation and operation. 
The model offers substantial growth potential, is capable of addressing the 
comprehensive needs of the older adult population, exhibits high 
flexibility, and guarantees that the service retains the structural integrity 
of the product while complying with national requirements to 
accommodate the increasing demands of aging individuals. Consequently, 
the privately established and managed home care model possesses more 
significant potential for advancement.

In actuality, the majority of privately funded operation older adults 
care institutions function independently (2, 4). This study seeks to 
delineate the operational framework of privately funded operation home 
care businesses, which often cater to a defined demographic within a 
particular locale. Provision of services in accordance with ‘the Basic 
Norms for Home-Based Older adults Services’ (GB/T 43153–2023). It 
should be noted that if an organization provides home care services for 
the older adults in the form of a single service, a lot of problems may arise 
in the course of implementation. From the customer’s perspective, when 
multiple services are required simultaneously, they must sequentially 
order each individual service. Additionally, for customers with consistent 
and regular care requirements, repeated bookings of the same services are 
necessary. If they neglect to place an order, they forfeit access to the 
services, resulting in significant inconvenience and diminishing their 
overall experience. From the enterprise perspective, consistent long-term 
orders will substantially reduce the variability and unpredictability of 
orders, facilitating more precise allocation of service resources, effectively 
lowering operational costs, and enhancing the enterprise’s capacity to 
address spontaneous orders, thereby improving customer satisfaction. 
Consequently, for service programs characterized by elevated demand 
and increased frequency, it is essential to concurrently offer a composite 
service product comprising a range of individual services, specifically the 
older adult care package. To adequately meet the varied needs of senior 
citizens, different service packages might be  concurrently launched, 
termed the older adults care service product family. It is often necessary 
to adjust the older adults care service product family offerings based on 

prevailing demand. The creation of older adults care service product 
families tailored to the specific regional context is a research area 
warranting significant attention.

It is important to recognize that the design of older adults care 
product families diverges from conventional product family design. 
Conventional product family design is an economical approach to 
assessing market demand, categorizing product components into 
modular types to create product family module libraries, configuring 
various series of segmented products from a shared platform in a 
market-driven manner, and producing a final product family to meet 
diverse customer segments (5). Traditional product family design 
contrasts with older adults care product family design in the following 
aspects. Primarily, the traditional approach is oriented toward the 
manufacturing sector, where products possess predetermined 
components and modules. Consequently, the final product family is 
generated solely through the combination of these fixed components 
and modules, which fails to address the needs of individual customers. 
The older adults care service project can be offered as an individual 
service addressing individual needs, while the older adults care service 
product family design caters to the requirements of diverse client 
segments. Secondly, the prior product family design just needs to 
account for the influence of external competition on the demand for 
the final product during product configuration; individual 
components do not possess market share and are not required to 
consider the competition among internal components. But older 
adults care services are presently experiencing an oversupply, with a 
restricted number of organizations offering such services in a specific 
area, and individual services can be  delivered independently, 
necessitating consideration of the competitive influence of these 
individual services on the demand for service packages during the 
product family design for older adults care services. Third, prior 
product family design commenced with the identification of consumer 
perceptions and rival performance, quantitatively integrating these 
factors into product configuration design to link the demand and 
product configuration design stages for determining the product 
configuration aspect (6, 7). In the context of aging, the risk of market 
entry is unpredictable due to the specificity of the target demographic, 
and customer needs and preferences can only be anticipated through 
market research, which is constrained by technology and the 
particularities of the customer group in directly gathering expectation 
data. Compelling companies to tailor services to meet the needs of 
customers in particular regions. This approach mitigates resource 
wastage and excessive costs, necessitating more intricate design 
decisions for the development of products aimed at older adult 
services. In summary, the conventional product family design 
methodology is not entirely applicable to the design of product 
families for older adults care services. This research suggests a novel 
method to product family design for older adults care services.

2 Related work

2.1 Designing services for the older adults

The increasing population of older adult folks and the evolution of 
the ailments they encounter have necessitated enhanced social assistance 
and extended care services. Contemporary society emphasizes 
personalized care for older adult individuals, considering their distinct 
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health problems, financial circumstances, and familial structures (8–10). 
Home older adults care services offer personalized care to address the 
varied needs of older persons, making the design of such services 
essential. Zhou et al. (11) propose that service design focused on older 
adults care can optimize the utilization of social resources to deliver 
precise and high-quality home care services for seniors in their residences. 
Consequently, home medical care, rehabilitation services, day care, 
in-home assistance, meal provision, bathing support, and other older 
adults care services are progressively becoming accessible to seniors, 
making a practical comprehension of their actual needs essential for 
addressing their requirements (12). Wei et al. (13) establish service design 
metrics for the rehabilitation requirements of the long-term care system, 
addressing the needs of long-term care stakeholders while also taking into 
account the emotional experiences of direct stakeholders, thereby 
enhancing the quality of care. Hu et al. (14) propose the reconstruction of 
functional service modules for semi-disabled older adult individuals 
within the community, establishing a health food system tailored to their 
needs, optimizing community resources, addressing the diverse 
healthcare requirements of the older adults, and offering an innovative 
perspective on the integration of medical care and older adults care within 
familial support systems (15). Chen et al. (16) used a service design 
methodology for an older adults demographic with mild cognitive 
impairment to summarize the hierarchy of high-level needs and guide 
design practice by observationally mapping user journeys, summarizing 
the service design strategies for mild cognitive impairment, and exploring 
more possibilities for design interventions for mild cognitive impairment. 
Thapaliya et al. (17) examine access to additional care services and the 
consumption of hospital and ambulance services by those utilizing the 
aging in place package, concluding that services must be tailored for this 
demographic to ensure sufficient support. The establishment of the home 
care service system constitutes a social system initiative. The persistent 
increase in demand for social pensions, coupled with constrained social 
resources, significantly hampers the advancement of social pension 
initiatives. Therefore, directing social organizations to offer home care 
services can effectively mitigate the pressures of social pensions while 
addressing the actual needs of the older adults, thereby promoting a 
diversified supply of older adult services (18–21). The design of older 
adult services in the process of continuous optimization of the home-
based older adults service system can integrate older adults service 
resources from the needs of the older adults and improve the quality of 
life of the older adults.

2.2 Product family design

Product Family Design (PFD) is a strategy for expanding product 
offerings to satisfy a varied marketplace (22). Many businesses utilize 
product families and platform-based product development to address a 
broad spectrum of client requirements (23, 24). Liu et al. (25) consider 
the relative importance of components in responding to customer needs 
and the interrelationships between components to achieve optimal 
product architecture. To maintain market competitiveness, companies 
expand their product lines by launching product families; however, 
diverse customer needs cannot be  sufficiently met through mass 
marketing strategies, highlighting the importance of product family 
positioning based on customer purchasing behaviors. Zhang et al. (26) 
proposed a fuzzy clustering-based market segmentation method that 
helps to effectively and efficiently plan the right product. The scope of 

the product family design issue was broadened to encompass the 
determination of suitable market positioning for each product within the 
family. Kumar et al. (27) proposed a new market-driven product family 
design (MPFD) approach to study the impact of increased variety in 
product offerings in different market segments and to explore the cost 
savings associated with communal decision-making. Xu et  al. (28) 
proposed an information integration modeling architecture for the full 
life cycle of product families. Geng et al. (29) employed Quality Function 
Deployment (QFD) to translate demand attributes into engineering 
characteristics, thereby offering sustainable functional solutions for 
product design aligned with customer needs. In response to varied client 
expectations, abbreviated product development cycles, and cost 
constraints compelling manufacturing firms to adopt mass 
customization, product family design emerges as an effective strategy 
(30). The subsequent rise in the number of companies vying to provide 
a wide array of tailored services alongside customized products to 
enhance revenues and customer satisfaction. The application of new 
concepts such as service families and service platforms to the service 
industry through the use of the product family design methodology, the 
increasing diversity of service offerings leading to complexity and 
difficulty in estimating service costs. Tay et al. (31) proposed a service 
family cost estimation method based on service modularization and the 
job costing approach. Traditional product family design is a single-
objective optimization problem. Du et al. (32) present a complex type of 
leader-following-joint optimization problem involving multiple decision 
makers encompassing different levels of decision hierarchies, consisting 
of many conflicting objectives competing to reach an equilibrium 
solution. Wu et al. (33) proposed an evolutionary planning model that 
has a stronger response to product evolution and can maximize firm 
performance in effective time. In response to escalating demand for 
personalization, a growing number of service businesses must provide 
customized service offerings while improving customer satisfaction and 
service quality in a cost-effective manner. The open product design 
allows for the incorporation of personalization modules into the product 
structure, thus meeting the unique requirements and preferences of 
individual clients. Tan et al. (34) proposed an optimization method that 
integrates individual consumer preferences via a genetic algorithm for 
individualized module allocation. Zhou et  al. (35) proposed a 
hierarchical joint optimization model for the design of personalized 
service product families based on service resource families considering 
crowdsourcing of service operations, which was solved using a nested 
genetic algorithm to obtain a scheme for personalized service products. 
Feldman et  al. (36) examined a classification optimization problem 
aimed at selecting the sequential presentation of products to maximize 
anticipated revenues. This approach breaks with the conventional 
product portfolio framework by focusing on the sequence of product 
portfolios presented in a customer-centric manner. Zhang et al. (37) 
consider uncertainty in service utility and customer behavior to 
maximize expected customer satisfaction as well as sales profit. 
Therefore, in the design of the service product family, we should focus 
on considering the customer’s preference, the probability of the 
customer’s choice of the products provided by the enterprise, and the 
related costs into the architecture system to ensure that the designed 
product architecture can be loved by the customer at the same time to 
achieve the goal of the enterprise to obtain profits.

A review of the literature on older adults care services and 
product family design indicates a significant rise in demand for 
services catering to the aging population, with home older adults 
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care services demonstrating efficacy in mitigating the challenges 
faced by the older adults. To accommodate consumer preferences 
while minimizing operational expenses, product family design 
effectively addresses the elevated costs faced by companies due to 
the diverse customer requirements and the extensive range of 
home care services available in the market. This paper addresses 
the scarcity of studies on product family design for older adults 
care services by proposing a research methodology that prioritizes 
customer preferences for individual services. It emphasizes 
demand as a driving force, integrating the likelihood of customer 
selection of service products offered by the enterprise and 
associated costs into the design architecture. The approach aims to 
create a subset of service packages that maximizes profit while 
fulfilling the needs of the customer groups, concurrently managing 
individual services to address specific requirements, thereby 
enhancing the quality of life for the older adults and alleviating 
their challenges.

3 Principles and methods

3.1 Problem description

This study addresses the optimization of the design of a range of 
older adults care service goods within a category of privately funded 
operation models. In this type of problem, the agency selects to offer 
in-home care services in a designated region with a known clientele 
size. After identifying the individual services in alignment with 
national standards, it amalgamates those with high demand and 
frequent delivery. Additionally, it evaluates the optimal array of older 
adults care service products from various options, constrained by 
limited resources. This article addresses the issue of the product 
family design program shown in Figure 1. This paper proposes a 
product family design for older adults care services that addresses 
the selection of an optimal package subset. The market offers a 
variety of service items, which can be  categorized into distinct 
modules based on their functional characteristics, thereby 
organizing the service items systematically and enabling the 
segmentation of customer demand within the target market. 
According to the Kano model, the corresponding services under the 
service module can be  categorized into attractive attributes ( )A , 
one-dimensional attributes ( )O , must-be attributes ( )M  and 
irrelevant attributes ( )I . Demand characteristics for individual 
services vary across distinct market segments. By combining service 
modules with corresponding service items, a package collection is 
created. Subsequently, packages are categorized based on price, 
allowing for the estimation of demand at each level within various 
market segments. The firm’s operational constraints are integrated 
by considering customer preferences, while essential configuration 
factors, including module type, customer demand, market 
competition for a singular service, selection probability, and variable 
versus fixed costs, are included to maintain the subset of packages 
that optimize the firm’s profitability during standard operations of a 
single service.

The symbolic description used to represent the sets and quantities 
involved in the design problem for this type of older adults care 
service product family is shown in Table 1.

3.2 Gathering customer requirements

In reality, the service coverage area of an in-home older adults care 
business is established. Due to the variability in the physical conditions 
and service requirements of the older adults across different regions, 
it is imperative for each older adults care service organization to 
conduct a survey within its jurisdiction to assess the physical 
conditions and service needs of the older adult population, 
subsequently enabling the design of tailored older adults care service 
product families. A questionnaire survey was undertaken specifically 
for the older population in a designated area, employing a stratified 
random sampling method to guarantee that each eligible older adult 
individual had an equal opportunity to be picked for participation. 
The questionnaire was developed through interviews with pertinent 
service-oriented enterprises, examining the preliminary classification 
and statistical methodologies of service demand in the home care 
sector. The questionnaire was formulated following an extensive 
analysis of interview results, national standards for home care services, 
and variables such as the physical health, economic capacity, and age 
demographics of the older adults in the targeted operational region of 
the company. Due to the primary demographic of the questionnaire 
being the older adults, the execution of an online survey poses 
significant challenges. Therefore, a hybrid approach of both online and 
offline methods is employed. Additionally, considering the varying 
physical conditions of the older adults, those capable of completing 
the questionnaire independently may do so, while those facing 
difficulties may utilize either a question-and-answer format or have 
family members complete the questionnaire on their behalf.

The data collected from the questionnaire was utilized to classify 
the characteristics of each service item using the Kano model. The 
must-be attributes of a service are the minimum requirements that 
must be met to provide basic life care. One-dimensional attributes are 
additional aspects of the service that add value and enhance the 
competitiveness of similar products after the must-be attributes have 
been satisfied. Attractive attributes are extra elements that aim to 
surprise and attract users. Irrelevant attributes are optional and do not 
significantly impact needs or preferences. Figure  2 displays the 
attributes of each category of demand in the Kano model. The 
horizontal coordinate is the level of sufficient, and the vertical 
coordinate is the level of satisfaction.

The questionnaire survey was conducted to assess the expectations 
of the senior population regarding different home services for the 
older adults. Let η  be the size of the sample (38). The η  calculation 
formula is shown in Equation 1.

 

2 2
/2

2
µ σ

η
ϕ
∂=

 
(1)

/2µ∂  is the standardized score. The value reflects the confidence 
level. ϕis the absolute error, the overall variance is ( )2 1σ ρ ρ= − , ρ  is 
the proportion of indicators. Upon determining the sample size, the 
questionnaire was disseminated to gather data. The collected data 
were then analyzed using SPSS 25 software to ensure that the 
questionnaire structure was reliable and valid. Descriptive statistical 
analysis was conducted to determine the proportion of 
relevant parameters.
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3.3 Computation of utility functions

Based on the pre-processing of the questionnaires obtained from 
the acquisition of the needs of the older adults, the physical condition 
of the older adults in the region was analyzed, and the market was 
subdivided based on self-care into { }1, , fMS MS MS=  . If the 
traditional Kano model is followed, the attributes of the service line 
are determined based on the attribute category that accounts for the 
most; many in-home senior care services have attractive attributes. 
This is not beneficial for evaluating the market and providing 
customers with tailored service programs that meet their actual needs. 
Therefore, it is important to introduce specific satisfaction and 
dissatisfaction indices for each service program in different market 
segments to assist in categorizing the types of demands.  

The satisfaction index of the j th service under the ith module under 
the rth market segment is represented by the variable r

ijcs , whereas the 
discontent index is represented by the variable r

ijcd . The r
ijcs  and r

ijcd  
calculation formulas are shown in Equation 2 and Equation 3 (35).

 

r r
ij ijr

ij r r r r
ij ij ij ij

A O
cs

A M I O

+
=

+ + +  
(2)

 
( )1

r r
ij ijr

ij r r r r
ij ij ij ij

M O
cd

A M I O

+
= −

+ + +  
(3)

, , ,r r r r
ij ij ij ijA O M I  represent the number of services classifying the j

th service under the ith module in the rth segment as attractive 

FIGURE 1

Design of a product family for older adult services.
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attributes, one-dimensional attributes, must-be attributes, and 
irrelevant attributes according to customer demand.

Due to the nascent nature of the home care service industry, the 
market system is imperfect. Additionally, traditional beliefs have led 
to a relatively low demand for home care services for the older 
adults. Hence, it is imperative to consider the magnitude of the 
satisfaction index and dissatisfaction index when assessing the level 
of customer satisfaction for each service item. This analysis is 
crucial for enhancing service quality and catering to consumer 
demands. The satisfaction level is determined by the distance from 
the origin to the point ( ijcs , ijcd ), where ijcs  and ijcd  are both 
between (0,1) and serve as the vertical and horizontal coordinates, 
respectively, (35), distance range between ( )0, 2 . In order to 
eliminate the effect of physical magnitude, the distance is mapped 
between (0,1) as the satisfaction value. Let 

r
ijs  represent the 

customer satisfaction of the j th service within the ith module in the 
rth market segment, and let ˆr

ijs  represent the value of the customer 
satisfaction mapping. The 

r
ijs  and ˆr

ijs  calculation formulas are 
shown in Equation 4 and Equation 5.

 
2 2r r r

ij ij ijs cs cd= +  (4)

 
ˆ

2

r
ijr

ij
s

s =
 

(5)

A higher value of r
ijs  indicates that the service has a stronger 

influence on user satisfaction and is of greater significance. The weight 
of each candidate module varies across different segments. The weight 
of a module is determined by standardizing the satisfaction rating of 
the service item associated with that module. Let r

iw represent the 
weight of the ith module in the rth segment. The r

iw  calculation 
formula is shown in Equation 6.

 
( )
max min

max min
1

ˆ ˆ

ˆ ˆ

r r
r
i n

r r

i

s s
w

s s
=

−
=

−∑
 

(6)

{ }max max 1,2, ,ˆ ˆ , 1,2, ,r r
ijs s i n j m= = =  ,

 { }min min 1,2, ,ˆ ˆ , 1,2, ,r r
ijs s i n j m= = =  , ( )max min

1
ˆ ˆ

n
r r

i
s s

=
−∑  is the total 

of the differences between the highest and lowest levels of satisfaction 
in the related service items of all modules.

Enterprises will carefully evaluate the overall cost of providing 
services when operating service products. Decreasing service costs is 
beneficial in reducing the price of service products, thereby enhancing 
the competitiveness of enterprises. This increases the opportunities for 
enterprises to operate in emerging markets and mitigates market risks. 
Cost-based pricing is the simplest method of determining prices, 
where corporations set product prices based on the predicted profit 
margins associated with the cost of each service item (39). Let ijp
represent the price of the j th service within the ith module, taking 
into account the firm’s intended profit margin ε . The ijp  calculation 
formula is shown in Equation 7.

 ( )1 V
ij ijp cε= +  (7)

ε  represents the anticipated profitability of the company, while V
ijc  

denotes the variable cost associated with each individual service item.
Adjusting the package price based on the economic capacity of 

the older adult population in the chosen area, examining the usage 
of individual services by customers through a questionnaire, and 
determining that the price of the package in various market 
segments also influences customer satisfaction. Consequently, 
customers have distinct target prices for packages, denoted as aimp
. Additionally, enterprises categorize packages as { }1, , hLE LE LE=   
based on the price ceiling, which effectively guarantees the demand 
for these packages. The price of the package has an impact on the 
customer’s perceived utility. Each customer segment has a specific 
price p for the package. If the package price is higher than the target 
price, it will decrease customer satisfaction. Conversely, if the 
package price is lower than the target price, it will increase customer 
satisfaction. Therefore, the package target price can be used as a 
benchmark to assess the gains and losses (40). Let the benefit 
be represented by the ke  and the damage be represented by the kb . 
The ke  and kb  calculation formulas are shown in Equation 8 and 
Equation 9.

TABLE 1 Symbolic description.

Mark symbolic description

{ }, ,1PM PM PMn= … PMi denotes the ith module, 1,2, ,i n= … .

{ }, ,1SI SI SIi i im= …
SIij denotes the j th service under the ith module, 

1,2, ,i n= … , 1,2j m= … .

c Vij
Variable service cost of the j th service line under the i

th module.

cF
Fixed costs of package services provided by home care 

service companies.

{ }, ,1PF PF PFg= … PFk  denotes the k th package, 1,2, ,k g=  .

{ }, ,1 o
PF PF PFg= …′ ′ ′ PF ′ is a subset of PF .

{ }, ,1LE LE LEh= 
LEl  denotes the lth level, 1,2, ,l h=  .

{ }, ,1MS MS MS f= 

MSr  denotes the rth market segment 1,2r f=  .

qr Number of sizes of the rth market segment.

0ur
Individual service utility added to the rth market 

segment outside the package.

zij
Monthly frequency of utilization of the j th service 

under the ith module.

xkij

Binary integer = 1 or 0, If the j th service of the ith 

module of the k th package appears as 1, and if it does 

not appear as 0.

yM
kij

Binary integer = 1 or 0, If the j th service of the ith 

module of the k th package is a must-be attribute, it is 

checked as 1 and unchecked as 0.

ok
Binary integer = 1 or 0, if the k  th package appears as 1 

and if it does not appear as 0.
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1 1

n m
M
ij

i j
p

= =
∑∑  is equal to the total of the prices of the must-be attribute 

items; 
1 1

n m
ij

i j
p

= =
∑∑  is equal to the total of the prices of all the service items; 

l
aimp  is the price corresponding to the l th level. Based on prospect 

theory (41, 42), determine the prospect values of both gains and losses 
for each package. According to anticipated utility theory, preference 
homogeneity results in a consistent level of relative risk aversion. Let 
( )l

kv +  represent the prospect value of gains and ( )l
kv − . The ( )l

kv +  and ( )l
kv −  

calculation formulas are shown in Equation 10 and  
Equation 11.

 
( ) ( )l

kkv e α+ =  (10)

 
( ) ( )l

kkv b βλ− = −  (11)

The variables α  and β  represent the level of concavity of the 
benefit and damage functions in the prospect function. These variables 
indicate the varying attitudes of decision makers toward benefits and 
harms. A higher value of variables α  and implies that the decision 
maker is more inclined to taking risks, whereas the variable λ 
represents the level of aversion to losses of the decision maker. 

0.88α β= = , 2.25λ = . These values are considered to be parameter 
values that can represent the approximate behavioral preferences of 
any decision maker (41–44). Let the prospect value of the package k  
be  l

kv , and let the combined prospect value of each package in different 
market segments be  r

ka . The l
kv  and r

ka  calculation formulas are shown 
in Equation 12 and Equation 13.

 
( ) ( )l ll

k k kv v v+ −= +  (12)

 1
ˆ

h
r r l
k l k

l
a w v

=
= ∑

 
(13)

ˆ r
lw is the proportion of customers in the l th level under the rth 

segment to the total size of that market, and in order to eliminate the 
effect of the physical dimension, the combined prospect value should 
be  between minimum damage and maximum gain. Mapping it 
between ( )1,1−  and letting ˆr

ka  be the mapped value of the composite 
outlook for the rth market segment as an influencing factor for 
adjusting the utility. Let the minimum damage be  mina . The maximum 
revenue for the rth market segment is max

ra . The ˆr
ka , mina  and max

ra

FIGURE 2

Kano model.
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calculation formulas are shown in Equation 14, Equation 15 and 
Equation 16.

 

( )min

max min
2ˆ 1

r r
kr

k r r

a a
a

a a

 − = − − 
   

(14)
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= =
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1 1
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r h M
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a p p
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(16)

1
aimp  setting a minimum level for package. 

1 1

n m
ij

i j
p

= =
∑∑  represents the 

sum of prices for all service lines. h
aimp  setting the highest level for the 

package. 
1 1

r
n m

M
ij

i j
p

= =
∑∑  is the sum of the prices of the service items in the 

rth market segment that are must-be attributes.
In practical scenarios, enterprises offering services must take into 

account customer preferences. Only when customer satisfaction 
reaches a certain threshold can the enterprise secure a more consistent 
demand for orders. This ensures that resources are not wasted due to 
supply–demand imbalances. Additionally, the enterprise must provide 
a range of essential services to meet customer expectations. Hence, in 
this work, the utility function is defined as the multiplication of the 
weight assigned to each candidate module included in the package of 
service items, together with the summation of the satisfaction level of 
each service item corresponding to the selected module and the extent 
of impact caused by the price. Customer satisfaction declines across 
different market segments if the j th service, which is a must-be 
attribute in the ith module of package k  is not chosen. However, 
selecting this service does not provide any further benefit. 
Furthermore, the price of a package can significantly affect a 
customer’s satisfaction in different market segments. If the enterprise 
sets a price that is lower than the customer’s expectations, it will result 
in limited service options for the customers. Conversely, if the price 
offered by the company exceeds the client’s expected price, the 
customer will abandon the purchase due to budget constraints, leading 
to a loss of customer base. Therefore, the ideal strategy is to aim for a 
price closer to the goal price. Let r

ku  represent the utility value of the k
th package in the rth market segment. The r

ku  calculation formula is 
shown in Equation 17.

( ) ( )
1 1 1 1

1 / 1

r
k
n m n m

r r r r M r
i ij kij k i ij kij ij k

i j i j

u

w s x o w s y x aµ
= = = =

=

   − − ∗ +     
∑∑ ∑∑

 
(17)

r
iw denotes the weight of the ith module of the rth market, r

ijs  
denotes the customer satisfaction level of the j th service under the i
th module of the r th market segment.

3.4 Determination of product requirements

The probabilistic choice rule is a more suitable method for 
estimating product demand, as it takes into account the size of the 
target market and the likelihood of customers choosing specific 
service offerings. This approach is more aligned with choice 
forecasting, making it probabilistic for customers to select packages. 
Within the collection of packages { }1, , gPF PF… , each package is 
linked to a customer’s likelihood of selection, which is quantified in 
this study as the customer utility of the service item (34). Let r

kt  
represent the chance of selecting the k th package inside the rth market 
segment. The r

kt  calculation formula is shown in Equation 18.
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(18)

r
ku  represents the utility of the k th package for the rth market 

segment. 0
ru  is the utility of the single service chosen by the customer 

of the rth market segment. This utility should be a constant as the 
customer selects the single service based on their specific needs. In 
this study, the variable 0

ru  is determined by calculating the percentage 
of respondents who express their willingness to use an individual’s 
service in a survey. Within a specific market, the proportion of 
individuals willing to use each service at a specific price is calculated. 
These proportions are then added together and averaged to determine 
the utility value of a single service for customers in that market. 

0

1
exp

g

k
k

u
=
∑  is that the firm ultimately selects the most economically 

efficient subset of packages { }01 , , gPF PF′ ′…  from the complete set 
of packages.

The questionnaire data provides statistics that allow for 
determining the size of each market segment. Each segment will have 
a demand for the package. This paper estimates the demand for the 
package by multiplying the customer market size with the probability 
of choosing the package. Let kd  be the market demand for the k th 
package. The kd  calculation formula is shown in Equation 19.

 1

f
r r

k k
r

d q t
=

= ∑
 

(19)

3.5 Profit function calculation

Profits in this study are defined as the difference between revenues 
and costs. Companies select a specific number of the most optimized 
subset of packages to offer. These packages combine various individual 
services and are available for customers to order every month within 
a particular budget. Each service has a different frequency of use 
within a month. Implementing monthly subscriptions facilitates cost 
efficiency, mitigates demand uncertainty, and enhances resource 
optimization. Companies offering packages to gain high demand will 
have a discount rate δ  to reduce prices and attract more customers. 
Let the profit of the k th package be denoted as kpr . The kpr  calculation 
formula is shown in Equation 20.
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ijp represents the price of the service item, kd  represents the 
demand for the k th package, and ijz  represents the frequency offered 
by the monthly package of service items.

3.6 Older adult service product family 
design optimization mode

Older adult service product family design is mathematically 
expressed as a mixed-integer programming model. The goal is to 
maximize profits by choosing the best combination of packages 
{ }01 , , gPF PF′ ′…  to offer to customers. Profits are influenced by market 
demand, variable costs linked to care workers and materials, fixed 
expenses tied to equipment and staff involved in the provided 
packages, and the price of each service product. From the customer’s 
perspective, combining service products into a package is cheaper 
than purchasing each service product separately. The more variety of 
packages available, the higher customer satisfaction tends to be. 
However, as the number of package options increases, the demand for 
each package naturally decreases. When the demand cannot cover the 
cost of the package, the company’s profits will decline. From a firm 
standpoint, higher prices or lower costs associated with designing the 
senior care service product family can lead to increased profit margins. 
However, if the product is priced too high or specific features are 
compromised to cut costs, customer preference for the product and 
market demand will decrease. Comprehensive analysis: in order to 
maximize corporate profits, the enterprise must select a specific 
number of subsets of packages while ensuring market demand. The 
objective is to design an older adults service product family that takes 
into account the interaction between fixed costs, variable costs, 
product prices, and market acceptance, and to find an equilibrium 
point, establish a service product package structure model.
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Equation 21 refers packages are ordered on a monthly basis, the 
frequency of provision of individual service items in the monthly 
packages is determined to maximize the total profits of all packages. 

The variable cost is the direct cost assigned by the firm for offering 
individual services, and the total variable cost is determined based on 
the demand for the selected packages. The total fixed cost of a package 
offered by the enterprise remains constant regardless of market 
demand. It represents the constant expenses incurred by the enterprise 
in its regular operations, such as replacing old factory equipment with 
new ones and providing regular salary payments to management staff. 
By older adult service product family design, the enterprise ensures 
long-term stability and meets a certain level of demand to obtain 
profits. According to the changes in market size, the actual demand 
for packages will change. When the market size of the case increases, 
the actual demand for packages will increase, and the enterprise needs 
a larger site to provide services but also needs more caregivers; when 
the market size of the case is smaller, the situation is reversed. Based 
on the current status, enterprises can reduce wastage of resources such 
as personnel wages and rent by making efficient use of resources. This 
will help in reducing fixed costs and enable the enterprise to offer 
package deals at a lower price than individual services. Equation 22 
indicates that the constraints applied to the optimization include 
limiting the number of package types in the product portfolio to 0g . 
Equation 23 restricts each package to be unique.

3.7 Model solving

The optimization model presented in this paper constitutes a 
single-objective optimization problem as the individual modules of 
the service items are selected randomly. Unlike other manufactured 
products, the composition of the package does not necessitate specific 
modules, and the service items associated with these modules are also 
chosen at random. There are no constraints on the number of modules 
included in the package or the corresponding service items. 
Consequently, when the quantity of service product modules and 
items is substantial, the problem’s size is demonstrated to be extensive 
through enumeration, categorizing it as an NP-hard optimization 
problem. Genetic Algorithm (GA) is very suitable for problems with 
large solution spaces and low efficiency of numerical algorithms.

GA is widely used in many product family design problems (7, 34, 
35, 37). This study presents a single-objective optimization genetic 
algorithm designed to solve the problem of older adult service product 
family design. The genetic algorithm flow is shown in Figure 3. The 
specific design steps of the genetic algorithm are as follows:

Step 1: Configuring the parameters. Specify the parameters for the 
product family design of the older adult service product, such as the 
number of modules and the matching list of service items for each 
module. Additionally, establish the population size, maximum 
number of iterations, crossover chance, and mutation probability.

Step 2: Chromosome encoding. Every chromosome is a binary 
sequence consisting of 0 and 1 that represents the composition of the 
package. The length of the chromosome is determined by the 
cumulative amount of service items across all modules. Each place on 
the chromosome can have a value of either 0 or 1, indicating whether 
the related service item is chosen or not.

Step 3: Initialize the population. Generate an initial population 
randomly, taking into account the decision variables of the 
optimization problem.

Step 4: Involves performing crossover and mutation operations. 
Tournament selection is employed to choose a fresh generation of 
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people from the population that has undergone two-point crossover 
and bit-flip mutation processes. Specifically, in each round, the most 
successful individuals are chosen from a randomly chosen subset of 
the population.

Step 5: End the iteration. Firstly, ascertain whether the constraints 
are met. If they are, proceed to assess the fitness value of the individuals 
in the population. Secondly, verify if the satisfaction and gain have 
reached the maximum number of iterations. If they have, terminate 
the iterations and document the optimal solution and its 
corresponding value at that point.

4 Example analysis

4.1 Background and data

The case pertains to a home care service firm planning to establish 
a new home care service station on Huangcheng Street, Shenhe 
District, Shenyang City, encompassing all neighborhoods inside 
Huangcheng Street as its service area. China released ‘the Basic Norms 
for Home-Based Older adults Home Service’ (GB/T 43153–2023) on 
September 7, 2023. This standard delineates the overall requirements, 
service content, process and requirements, evaluation, and 
improvement for home-based older adult home service. It applies to 
organizations providing door-to-door service for older adults 
individuals in their homes, as well as their management. Furthermore, 

the standard categorizes the services into seven primary categories: 
life care services, basic care services, health management services, 
visiting and caring services, spiritual comfort services, commissioning 
services, and home living environment aging adaptation services. By 
modularization design and categorizing service items into modules 
based on the specific needs of the older adults, several benefits can 
be achieved. Firstly, it allows for a broader range of services, improved 
service quality, and the ability to meet diverse demands, enabling 
quick adaptation to market changes. Secondly, it facilitates a clear 
understanding of customer demands, making it easier to adjust service 
items through modularization and reducing operational costs for the 
enterprise. Each module is associated with specific service items, and 
Table 2 displays the older adults home care service items provided by 
the firm. To enhance customer satisfaction and decrease organizational 
operational expenses, it is planned to develop and introduce an older 
adult care service product line.

To address the issue of older adults care service product family 
design, the following computational process and findings derived 
from the approach above for determining configuration possibilities 
are presented.

After an investigative visit, all communities in Huangcheng Street 
and conducting field interviews to ascertain that there are 5,771 older 
adults individuals aged 60 and above residing in the area. The study 
comprehensively considers the population of older adult residents, age 
distribution, physical condition, demand for older adults care services, 
and other relevant factors influencing the questionnaire’s formulation. 

FIGURE 3

Genetic algorithm flow.
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The questionnaire was ultimately disseminated using stratified 
random selection to ascertain the senior group’s expectations for home 
care services. Due to the primary demographic of the questionnaire 
being the older adults, the implementation of an online format is more 
challenging; therefore, the preferred method is the physical 
distribution of the questionnaire. In light of the physical condition of 
the older adults, those capable of self-care may complete the 

questionnaire independently, whereas those requiring semi-self-care 
or unable to care for themselves may find it inconvenient to do so. In 
such cases, the questionnaire can be filled out through a question-and-
answer format with the assistance of family members. Initially, based 
on the physical condition of the aged, the market is categorized into 
three segments: self-care, semi-self-care, and non-self-care. 
Subsequently, a confidence level of 90% is established. /2 1.645µ∂ = . 

TABLE 2 Older adults home care service items.

Services 
modules

Module name Service 
items

Service item name Monthly package 
frequency

PMi SIij

1PM life care services

11SI Home haircut 2 times per month

12SI Home-based assistance with bathing 6 times per month

13SI Home nail trimming 2 times per month

14SI Delivery of meals (all-day meals) 20 times per month

15SI Housekeeping services (laundry, bed making, cleaning) 10 times per month

16SI Assistance with eating (all-day meals) 20 times per month

17SI Assisting in the use of rehabilitation equipment 20 times per month

2PM basic care services

21SI Oral care 5 times per month

22SI (Nursing assistance) Personal hygiene care 20 times per month

23SI Excretory care (regular bowel movements) 20 times per month

24SI Medication care 20 times per month

25SI Rehabilitation Massage 15 times per month

26SI Nighttime chaperone 20 times per month

3PM
health management 

services

31SI
Basic medical care (taking temperature, blood pressure, heart rate, blood 

sugar)
10 times per month

32SI Health Consultation 5 times per month

33SI Rehabilitation guidance to develop a program 2 times per month

4PM
visiting and caring 

services

41SI Accompanying for chatting or chess 10 times per month

42SI Accompanied walks or shopping 10 times per month

43SI Accompanying for medical care 2 times per month

5PM
spiritual comfort 

services

51SI
Psychological guidance (adjusting the psychological state of the older adults 

through mental health education and psychological interventions)
5 times per month

52SI
Emotional counseling (talking and communicating with the older adults and 

listening patiently to them)
5 times per month

6PM
commissioning 

services

61SI
Purchase on behalf of others (purchase of daily necessities, booking of tickets, 

reservation of vehicles)
5 times per month

62SI
Representation (picking up and delivering letters, documents and goods, 

applying for legal aid, assistance services)
5 times per month

63SI
Payment on behalf of others (payment of daily expenses such as water, 

electricity, gas, communication fees, etc.)
5 times per month

7PM

home living 

environment ageing 

adaptation services

71SI Bedroom adaptive retrofit planning

Free with monthly 

subscription package72SI Washroom adaptive retrofit planning

73SI Dining room adaptive retrofit planning
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The absolute error ϕ is 5%, and to obtain a more conservative sample 
size, take 0.5ρ = . The conservative sample size should be obtained by 
calculating 270 through Equation 1. Considering the questionnaire 
response validity rate of 90%, it was determined that the number of 
questionnaires to be collected after excluding the samples with missing 
research variables was 300. Furthermore, the data were examined 
based on the questionnaire outcomes utilizing SPSS 25.0. The overall 
questionnaire displayed a measured Alpha coefficient of 0.737. The 
forward questions exhibited an Alpha coefficient of 0.878, while the 
reverse questions displayed a coefficient of 0.825. These coefficients 
indicate a high level of confidence in the data. The subsequent KMO 
test and Bartlett test revealed that the overall questionnaire has a KMO 
coefficient of 0.753, indicating its suitability for factor analysis. The 
p-value for all cases was 0.000. The forward questions had a KMO 
coefficient of 0.844, also indicating suitability for factor analysis, with 
a p-value of 0.000. The reverse questions had a KMO coefficient of 
0.778, indicating that they are better structured than the overall 
questionnaire, with a p-value of 0.000 in all cases. This suggests that 
the questionnaire possesses effective structure. The statistics of the 
basic information of the questionnaire are shown in Table 3, the level 
of the package’s segmentation by segments is shown in Table 4.

Considering that the company’s provision of in-home elder care 
services is aimed at a certain group of customers who are open to 
using such services, 33 customers who expressed their unwillingness 
to utilize the services in the questionnaire were eliminated, resulting 
in a total of 267 valid surveys. According to the ratio of questionnaires 
received, there will be an estimated population of 5,771 individuals 
over the age of 60 residing on Royal City Street, with a potential 
customer base of around 5,136. The eligibility criteria and amount of 
subsidies for older adults home care services in the survey area are 
determined based on the guidelines provided in the notice of the 
‘Shenyang Municipal Civil Affairs Bureau and Finance Bureau’ 
[Shenmin (2020) No. 18]. According to this notice, individuals who 
are over 100 years old receive a monthly subsidy of 800 yuan, while 
those between the ages of 90–99 receive 250 yuan per month. 

Additionally, older adult individuals between the ages of 80–89 who 
are classified as urban and rural low-income or low-income marginal 
recipients are eligible for subsidies through specific channels for 
low-income individuals. ‘Shenyang Circular of the Municipal Civil 
Affairs Bureau and the Municipal Finance Bureau on the Granting of 
Care Subsidies for the Older adults with Disabilities’ [Shenmin (2015) 
No. 80], ‘Shenyang Notice of the Municipal Bureau of Civil Affairs and 
the Municipal Bureau of Finance on Increasing the Standard of Care 
Subsidies for Older adults Persons with Disabilities and Semi-
disabilities’ [Shenmin (2017) No. 222]. The latest standard for 
determining the disabled and semi-disabled care subsidy is a subsidy 
of 80 yuan per month for older adults people aged 60 or over in urban 
and rural low-income and marginal low-income households. 
According to the newest low-income standard, the minimum 
subsistence allowance for urban inhabitants in the Shenhe district is 
1,065.65 yuan per month per household and 854.96 yuan per month 
per individual. Based on current local data, it is possible and viable to 
offer older adults home care services in Shenhe district, which is one 
of the busiest areas in Shenyang. This district is known for its 
commercial streets, making it the commercial hub of Shenyang. The 
region’s high purchasing power ensures that even low-income older 
adults individuals can afford these services. According to the Kano 
model, the older adults care services are classified based on their 
attributes. The satisfaction index ( )ijcs  and dissatisfaction index ( )ijcd  
of each specific service item are calculated to determine the type of 
demand through Equations 2–5, with ijcs  as the vertical coordinate 
and ijcd  as the horizontal coordinate. The distance from the origin 
to the point ( ijcd , ijcs ) is used to measure the satisfaction level. 
Given the specific target market of the older adults, they will select 
different in-home services based on their physical conditions. To 
calculate satisfaction using the Kano model, the older adults are 
divided into three segments: self-care, semi-self-care and non-self-
care. The resulting classification is shown in Figure 4. Service items in 
the first quadrant are classified as one-dimensional attributes, those in 
the second quadrant as attractive attributes, those in the third 
quadrant as irrelevant attributes, and those in the fourth quadrant as 
must-be attributes. The classification results and corresponding 
satisfaction values are presented in Table 5.

The cost vector for each modular service item provided by an 
in-home senior care provider is denoted as 

( )1 20.8,50,16.7,30,50,16.7,20.8c = , ( )2 41.6,25,55,20.8,55,12.5c = , 
( )3 16.6,27.5,33.3c = , ( )4 20.8,20.8,41.6c = , ( )5 27.5,30c = , 
( )6 25,20,25c = , ( )7 16.6,18.6,16.6c = . The fixed cost of providing a 

single package by a home care in-home service business is set at 
100,000 yuan. Let the profit margin ε  be  20% and the package 
discount δ  be 10%. According to Equation 7, the individual price 
vector for each service item is calculated from the cost of the 
individual service item as ( )1 24.96,60,20.04,36,49.92,20.04,24.96p = , 

TABLE 3 The statistics of the basic information of the questionnaire.

Basic data Categorize Quantities Ratios

Sex
male 174 58%

women 126 42%

Age

60–69 94 31.3%

70–79 136 45.3%

80 or higher 70 23.4%

Residential 

situation

live alone 112 37.3%

living with spouse 70 23.4%

living with children 73 24.3%

living with spouse 

and children
45 15%

Health 

condition

self-care 93 31%

semi-self-care 164 54.7%

non-self-care 43 14.3%

Utilization of 

services

unwilling 33 11%

willing 267 89%

TABLE 4 The level of the package’s segmentation by segments.

Condition 
level

Self-
care

Semi-
self-care

Non-
self-care

Total

Low-grade(￥260) 36(46.15%) 48(31.4%) 9(25%) 93(34.8%)

Mid-grade(￥350) 30(38.46%) 75(49%) 12(33.3%) 117(43.8%)

High-grade(￥500) 12(15.4%) 30(19.6%) 15(41.7%) 57(21.3%)

Total 78(29.2%) 153(57.3%) 36(13.5%) 267
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( )2 49.92,30,66,24.96,66,15p = , ( )3 19.92,33,39.96p = , 
( )4 24.96,24.96,49.92p = , ( )5 33,36p = , ( )6 30,24,30p = , 
( )7 19.92,22.32,19.92p = . The data collected from the questionnaire 

for the three market segments of the specific service items was used 
to calculate their satisfaction with the standardization process. 
According to the data obtained from the questionnaire for the three 
types of market segments of the specific service items through the 
Equation 6 to calculate their respective satisfaction with the 

standardization process to obtain the weights of the seven modules 
of each market segment are as follows: 

( )1 0.24,0.21,0.08,0.20,0.02,0.12,0.12rw = = , 
( )2 0.28,0.25,0.10,0.21,0.01,0.08,0.07rw = = , 
( )3 0.19,0.15,0.08,0.26,0.02,0.16,0.15rw = = . The firm categorizes the 

packages into low, medium, and high levels, and the target price 
vector for the level is 1 2 3260, 350, 500aim aim aimp p p= = = , calculating 
the composite prospective value as an adjustment factor through 

FIGURE 4

Classification of the Kano model for older adults individuals: self-care, semi-self-care and non-self-care.

https://doi.org/10.3389/fpubh.2024.1479586
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Yu
 an

d
 Z

h
ao

 
10

.3
3

8
9

/fp
u

b
h

.2
0

24
.14

79
58

6

Fro
n

tie
rs in

 P
u

b
lic H

e
alth

14
fro

n
tie

rsin
.o

rg

TABLE 5 Kano model classification.

Services modules Service items Market segment
csij cdij

Attributes s

Life care services

Home haircut

self-care 50.67% 20.00% I 0.5447

semi-self-care 76.67% 27.33% A 0.8140

non-self-care 75.00% 59.37% O 0.9565

Home-based assistance with 

bathing

self-care 1.59% 6.35% I 0.0655

semi-self-care 12.41% 8.28% I 0.1492

non-self-care 32.26% 61.29% M 0.6926

Home nail trimming

self-care 7.81% 4.69% I 0.0911

semi-self-care 13.19% 4.17% I 0.1383

non-self-care 12.90% 0.00% I 0.1290

Delivery of meals

self-care 57.75% 70.42% O 0.9107

semi-self-care 76.35% 87.84% O 1.1638

non-self-care 53.13% 65.62% O 0.8443

Housekeeping

services

self-care 65.28% 54.17% O 0.8483

semi-self-care 51.68% 79.87% O 0.9513

non-self-care 63.64% 72.73% O 0.9664

Assistance with

eating

self-care 5.97% 1.49% I 0.0615

semi-self-care 4.20% 13.29% I 0.1394

non-self-care 23.53% 58.82% M 0.6335

Assisting in the use of 

rehabilitation equipment

self-care 12.16% 28.38% I 0.3088

semi-self-care 31.33% 52.67% M 0.6128

non-self-care 31.43% 71.43% M 0.7804

Basic care services

Oral care

self-care 68.06% 27.78% A 0.7351

semi-self-care 91.72% 10.34% A 0.9230

non-self-care 75.00% 25.00% A 0.7906

Personal hygiene care

self-care 7.25% 11.59% I 0.1367

semi-self-care 36.36% 34.27% M 0.4996

non-self-care 9.68% 64.52% M 0.6524

Excretory care

self-care 0.00% 0.00% I 0.0000

semi-self-care 2.82% 2.11% I 0.0352

non-self-care 30.30% 75.76% M 0.8159

(Continued)
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TABLE 5 (Continued)

Services modules Service items Market segment
csij cdij

Attributes s

Medication care

self-care 62.86% 38.57% O 0.7375

semi-self-care 70.86% 62.25% O 0.9432

non-self-care 66.67% 36.36% A 0.7594

Rehabilitation Massage

self-care 36.23% 59.42% M 0.6959

semi-self-care 42.76% 68.42% O 0.8068

non-self-care 58.33% 75.00% O 0.9501

Nighttime chaperone

self-care 24.19% 16.13% I 0.2907

semi-self-care 28.28% 38.62% M 0.4787

non-self-care 25.71% 5.71% I 0.2634

Health management services

Basic medical care

self-care 53.52% 74.65% O 0.9185

semi-self-care 60.81% 90.54% O 1.0907

non-self-care 61.76% 82.35% O 1.0294

Health Consultation

self-care 76.12% 29.85% O 0.8176

semi-self-care 75.84% 29.53% A 0.8139

non-self-care 74.19% 61.29% O 0.9623

Rehabilitation guidance to 

develop a program

self-care 60.56% 14.08% A 0.6218

semi-self-care 69.54% 21.85% A 0.7289

non-self-care 55.56% 36.11% A 0.6626

Visiting and caring services Accompanying for chatting or 

chess

self-care 17.33% 17.33% I 0.2451

semi-self-care 55.70% 21.48% A 0.5970

non-self-care 36.36% 12.12% I 0.3833

Accompanied walks or 

shopping

self-care 19.12% 13.24% I 0.2326

semi-self-care 33.33% 9.72% I 0.3472

non-self-care 0.00% 0.00% I 0.0000

Accompanying for medical care self-care 66.20% 67.61% O 0.9462

semi-self-care 72.48% 76.51% O 1.0539

non-self-care 75.00% 86.11% O 1.1419

(Continued)
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TABLE 5 (Continued)

Services modules Service items Market segment
csij cdij

Attributes s

Spiritual comfort services Psychological guidance self-care 53.42% 13.70% A 0.5515

semi-self-care 75.00% 7.64% A 0.7539

non-self-care 73.53% 11.76% A 0.7446

Emotional counseling self-care 60.81% 14.86% A 0.6260

semi-self-care 69.80% 16.78% A 0.7179

non-self-care 63.89% 22.22% A 0.6764

Commissioning services Purchase on behalf of others self-care 23.53% 50.00% M 0.5526

semi-self-care 23.97% 67.81% M 0.7192

non-self-care 34.38% 78.12% M 0.8535

Representation self-care 33.33% 68.06% O 0.7578

semi-self-care 10.49% 86.71% M 0.8734

non-self-care 25.71% 77.14% M 0.8131

Payment on behalf of others self-care 16.44% 30.14% I 0.3433

semi-self-care 17.24% 55.86% M 0.5846

non-self-care 0.00% 15.63% I 0.1563

Home living environment 

ageing adaptation services

Bedroom adaptive retrofit 

planning

self-care 56.41% 5.13% A 0.5664

semi-self-care 73.79% 5.52% A 0.7400

non-self-care 63.64% 9.09% A 0.6429

Washroom adaptive retrofit 

planning

self-care 46.75% 3.90% A 0.4691

semi-self-care 72.97% 18.92% A 0.7538

non-self-care 64.71% 29.4% A 0.7108

Dining room adaptive retrofit 

planning

self-care 12.99% 3.90% I 0.1356

semi-self-care 48.34% 4.64% A 0.4856

non-self-care 5.88% 2.94% I 0.0657
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Equations 8–16. Secondly, setting the corporate penalty coefficient 
0.8µ = , according to Equation 17 can calculate the utility value of 

each package in different segments. The utility value of a single 
service for each segment is estimated by the proportion of willingness 
to use a single service in the questionnaire, and the utility value of a 
single service in the three markets is 0.501, 0.491 and 0.499. By 
applying Equation 18, the probability of customers’ selecting each 
package is calculated for different market segments. The target 
market size is divided into 1,592, 2,809, and 735 individuals based on 
the market research ratio. The market is then consolidated using 
Equation 19 to determine the demand for each package across all 
markets. The profit value of each package is calculated using 
Equation 20. Finally, an optimization model is constructed using 
Equations 21–23 and solved.

4.2 Results and analysis

The evolutionary algorithm is used to optimize the selection of 
services included in packages by maximizing the profit generated by 
the firm. After taking into account the initial investment required for 
the company’s own activities, a total of five packages are chosen. The 
initialized population is set to 100, the crossover parameter interval 
is (0.4–0.99), and the initial crossover parameter is set to 0.5, the 
variation parameter interval is (0.001–0.1), and the initial variation 
parameter is set to 0.05. The crossover and variation probabilities are 
dynamically adjusted within the crossover and variation intervals by 
iteratively adjusting the crossover and variation probabilities in each 
generation. The algorithm is designed to balance between exploration 
and exploitation by adjusting probabilities. This prevents the 
algorithm from getting stuck in  local optimums too early. As the 
iterations progress, the algorithm also adjusts crossover and mutation 
probabilities to maintain population diversity. This allows for the 
generation of new offspring and the calculation of their fitness values, 
which are then used in the next round of selection and evolutionary 
process. The algorithm runs for a total of 500 iterations. In this 
genetic algorithm, the selection of services is represented by a binary 
string. The final solution yields cross and variation parameters of 0.66 
and 0.05. The design scheme for the older adults care services product 
family design program is presented in Table 6. The iteration of target 
values for profit maximization in the overall market for all packages 
is depicted in Figure 5. Additionally, the probability of selection for 
each package in the market segment is illustrated in Figure 6. The 
maximized profit for the subset of all optimal packages is 1,111,200 
yuan. The profit vector obtained for each package is (¥334765.47, 
¥262143.86, ¥214738.14, ¥167046.03, ¥132423.13). The price vector 
is (¥422.68, ¥422.76, ¥447.72, ¥397.8, ¥422.76). The probability of 
selecting packages in each market segment surpasses 70%, 
encompassing a significant portion of the market. This guarantees 
that the packages can secure a relatively consistent demand, thereby 
attracting customers and reducing costs. While obtaining a relatively 
stable order volume in the form of packages, the company operates 
individual services, increases the diversification of service types, 
reduces the risk of entering the market for home-based older adults 
care service enterprises, effectively understands the actual needs of 
the older adults, and provides the older adults with diversified 
services based on guaranteed profitability.

5 Discussion

5.1 Influence of model parameters

This study employs a mixed-integer planning model to address 
the operational challenge faced by an in-home senior home care firm. 
The Kano model reveals that the demand for older adults care is 
primarily driven by the modules of life care and basic care services. By 
considering the unique preferences of the older adults in each market 
segment, packages can be designed to incorporate these services. This 
design process takes into account the operational constraints of the 
enterprise and addresses key configuration issues. The goal is to meet 
the actual care needs of the older adults while maximizing the 
enterprise’s profits. These results enable businesses to make real-time 
adjustments to the specific services offered. The chosen region has a 
direct impact on the operational limitations of the enterprise. In 
regions where the older adults have better financial circumstances and 
are more willing to pay for in-home older adults care services, the 
upper limit of the price for the package will increase. Assuming that 
each level increases in price by 100, the corresponding vector of target 
prices for the is 1 2 3360, 450, 600aim aim aimp p p= = = , Figure 7 displays 
the progression of the objective value for maximizing profit in the 
whole market while keeping all other parameters constant. The 
maximum profit achieved is 1,319,000 yuan. The graded adjusted 
older adults care services product family design scheme is shown in 
Table 7.

Table  6 presents the optimal design program package for the 
senior care service product family under the 

1 2 3260, 350, 500aim aim aimp p p= = =  package price staging. In areas 
where the economic conditions for the older adults are favorable, there 
is a high acceptance of home care services, resulting in an increase in 
the upper limit of the package staging price. Table 7 indicates that, 
with all other parameters held constant, each increment of 100 in the 
package staging price affects the optimal design program packages for 
the senior care service product family under the target price of 

1 2 3360, 450, 600aim aim aimp p p= = = . Due to the increase in package 
level prices, there is heightened demand for services among the older 
adults, resulting in Table  7 reflecting one additional service per 
package compared to Table 6.

When comparing the results of two different grades, it is observed 
that the actual operating limitations of the enterprise are influenced 
by the chosen region. In various regions, the pricing changes based on 
different grades will impact the package composition due to the 
spending ability of the older adults. If the older adults have a higher 

TABLE 6 Older adult care services product family design program.

Package 
category

Package items

Package 1 { }, , , , , , , , , , ,11 12 14 21 22 23 24 25 26 31 41 42SI SI SI SI SI SI SI SI SI SI SI SI

Package 2 { }, , , , , , , , , ,11 12 14 21 22 23 24 25 26 41 42SI SI SI SI SI SI SI SI SI SI SI

Package 3 { }, , , , , , , , ,11 12 14 21 22 23 24 25 26 42SI SI SI SI SI SI SI SI SI SI

Package 4 { }, , , , , , , ,11 14 21 22 23 24 25 26 42SI SI SI SI SI SI SI SI SI

Package 5 { }, , , , , , , ,11 14 21 22 23 24 25 26 43SI SI SI SI SI SI SI SI SI
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FIGURE 5

Iteration of target values.

economic status, opting for higher-priced grades will result in an 
increase in the number of service items included in the package, 
thereby boosting the enterprise’s profit. Conversely, if the older adults 
have low economic status, they will be less willing to pay for home care 
services, resulting in a decrease in the maximum price of the service 
package and the number of services included in the package. However, 
the government’s subsidy policy for economically disadvantaged older 
adult individuals will lead to variations in the service packages offered 

by different enterprises. Irrespective of the economic conditions and 
spending ability of the older adults, they have a preference for basic 
care services. Enterprises prioritize the supply of these services and 
subsequently include additional services based on the specific 
circumstances. The proportion of older adult individuals who require 
different levels of care (self-care, semi-self-care, unable to take care of 
themselves) varies across regions, affecting the packages offered. In 
conclusion, various regions must dynamically adapt the parameters of 

FIGURE 6

Probability of selection of packages in a market segment.
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the design methodology outlined in this paper. This will ensure that 
the collection of packages selected in different situations enables the 
business to maximize profits effectively.

5.2 Impact of potential constraints

The proposed product family design for older adults care services 
in this study may encounter specific constraints that could influence 
the final composition of the implemented packages, as detailed below 
in relation to staffing and government regulation.

The staffing makeup may limit package composition, classified 
into two possibilities for targeted study. Firstly, if a home care service 
enterprise is not operational, with no services being provided and 
nursing staff unavailable, the service package may need to be adjusted 
due to staffing limitations in future operations, as the qualifications of 
nursing personnel differ based on the complexity of each service. In 

excretory and rehabilitative care, it is essential to carefully select 
nursing staff according to job descriptions to ensure their 
competencies fit with the position’s requirements. During the 
operational phase of the enterprise, there may be a deficiency of highly 
skilled nursing staff, according to the customer demand for the 
formation of packages, which will therefore temporarily not be able to 
provide. In the context where the home older adults care service firms 
discussed in this paper operate, the insufficient availability of high-
level caregivers prevents the firm from offering multiple high-level 
services concurrently within a single package; thus, compatibility 
constraints are introduced while all other parameters remain constant. 
Incorporate a constraint 23 25 26 1, 1,2, ,k k kx x x k g+ + ≤ =   into the 
product family optimization model for older adults care services 
established in Chapter 3. The package includes a maximum of one 
item from the three programs: defecation care, rehabilitation massage, 
and night escort. The product family design plan for older adults care 
services under this compatibility constraint is shown in Table 8, and 
the target value for profit maximization in the total market for all 
packages is 836,130 yuan. Consequently, it is essential to continually 
attract proficient nursing staff to enhance service provision while also 
considering the mobility of nursing personnel.

Secondly, if the home care service firm has initiated operations, 
each service is generally provided, and the nursing personnel are 
sufficiently equipped. Nevertheless, the package provided by the firm 
may be affected by the high expenses related to the actual delivery of 
specific services during its formulation. The main goal of design 
packages is to decrease cost for the firm while improving scheduling 
ease for caregivers. Moreover, in the implementation of specific 
packages, the firm seeks to provide uniform services. The necessary 
skill level of nursing staff differs among services, and the incorporation 
of specific services inside the package may necessitate the firm to 
allocate highly skilled nursing workers to provide lower-tier services, 

FIGURE 7

Iteration of target values.

TABLE 7 Graded adjusted older adult care services product family design 
program.

Package 
category

Package items

Package 1 , , , , , , ,
, , , , ,

11 12 14 16 21 22 23
24 25 26 31 41 42

SI SI SI SI SI SI SI
SI SI SI SI SI SI
  
 
  

Package 2 { }, , , , , , , , , , ,11 12 14 21 22 23 24 25 26 31 41 42SI SI SI SI SI SI SI SI SI SI SI SI

Package 3 { }, , , , , , , , , ,11 12 14 21 22 23 24 25 26 41 42SI SI SI SI SI SI SI SI SI SI SI

Package 4 { }, , , , , , , , , ,11 12 14 21 22 23 24 25 26 42 43SI SI SI SI SI SI SI SI SI SI SI

Package 5 { }, , , , , , , , ,11 12 14 21 22 23 24 25 26 43SI SI SI SI SI SI SI SI SI SI
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TABLE 8 Compatibility constrained older adults care services product 
family design program.

Package 
category

Package items

Package 1 { }, , , , , , , , , ,11 12 14 16 22 24 25 31 41 42 43SI SI SI SI SI SI SI SI SI SI SI

Package 2 { }, , , , , , , , , ,11 12 14 21 22 23 24 31 41 42 43SI SI SI SI SI SI SI SI SI SI SI

Package 3 { }, , , , , , , , ,11 12 14 21 22 23 24 41 42 43SI SI SI SI SI SI SI SI SI SI

Package 4 { }, , , , , , , ,11 12 14 21 22 23 24 42 43SI SI SI SI SI SI SI SI SI

Package 5 { }, , , , , , , ,11 12 14 21 22 24 25 42 43SI SI SI SI SI SI SI SI SI

leading to elevated operational costs. The enterprise will consistently 
assess and modify staffing levels in accordance with the development 
strategy and fluctuations in demand for certain services. Moreover, 
the enterprise will routinely evaluate and modify staffing in alignment 
with its development strategy and fluctuations in demand for specific 
services, ensuring that staffing remains congruent with the 
development of the enterprise; this adjustment process may influence 
the composition of current packages. Consequently, in various 
scenarios, staffing will influence the package composition by the 
enterprise. To achieve sustainable development, it is essential to 
consider the impact of staffing on package composition during 
operations. The enterprise should integrate nursing staffing constraints 
into its actual development strategy to adapt the package 
composition flexibly.

Regulatory requirements will restrict package composition, which 
can be categorized into government regulation and internal enterprise 
regulation. Government regulation primarily involves the government 
assuming a leading role in regulatory responsibilities, with local 
governments tasked with comprehensive oversight of senior care 
service agencies within their jurisdictions. Their main responsibility 
includes enhancing supervision of practitioners and conducting 
regular inspections and evaluations to comply with government 
regulatory standards. Enterprises may need to modify their current 
individual services, leading to alterations in package composition. 
Internal supervision primarily involves the enterprise conducting 
rigorous quality control and assessing the nursing staff ’s workflow, 
service demeanor, and competencies. In the execution of the package, 
evaluation outcomes and problem analysis inform regular rectification 
and enhancement of service quality, including the service items 
encompassed within the package. An excessive number of service 
items contained in the package may compromise service quality; 
therefore, pertinent supervisory constraints should be integrated into 
the rectification process and the package structure should 
be changed flexibly.

5.3 Extended application of the model

The proposed methodology for product family design in older 
adult services is also relevant to various other service sectors, including 
healthcare, home care, communication services, and other related 
fields. The following is an example to introduce the relevance of this 
paper’s method in the medical service industry in private medical 
examination institutions. In such institutions, individual examination 
items are often dispersed. When a patient requires multiple tests 

simultaneously, they must select each examination individually. This 
can cause much inconvenience to patients. In addition, setting 
different categories of standardized packages according to the age, 
gender, and occupational characteristics of the target population can 
facilitate the ordering of standardized packages for the same type of 
target patients and finally add additional individual medical checkups 
according to their needs. The stability of the standard package will 
effectively reduce the randomness and uncertainty of the order, 
enabling the firm to allocate resources more accurately and prevent 
resource wastage and customer attrition, thereby balancing supply and 
demand and effectively lowering operational costs. Concurrently, the 
price reductions of the standard package may, to some extent, increase 
demand, as patients will see the package cost as lower than that of a 
single checkup, thereby improving satisfaction. This approach will also 
facilitate the organization in elevating its overall service quality. In 
addition to the standard package, the organization offers individual 
physical examination programs, clearly delineating the specific costs 
of each examination alongside the total price of the package and 
transparently presenting this information to patients. Avoid concealed 
consumption or misleading patients, enabling them to select the most 
appropriate options based on their specific circumstances. Address the 
needs of the patient demographic while emphasizing the 
individualized requirements of personal checkups. Expand  
the demand for stable packages, augment the institution’s influence, 
and progressively train more qualified medical professionals to 
conduct and interpret reports, ensuring accuracy and reliability of 
results, thereby enhancing the medical quality and service standards 
of medical checkup institutions.

6 Conclusion

This paper presents a method for designing an optimal older adult 
care service product family that takes into account customer utility 
and enterprise operating profit. It achieves this by constructing and 
solving a model that maximizes enterprise profit, ultimately 
determining the design scheme for the older adults care service 
product family. In traditional product family design, products are 
categorized based on the production process, with fixed modules and 
optional personalized modules. However, in this paper, the service 
items in the modules of the service product family design are not 
limited to the process. Instead, they are focused on the functional 
characteristics. A greater degree of randomization exists between the 
modules and service items. Assessing the probability of package 
selection by examining internal competition among service items, 
forecasting potential client demands, and meticulously evaluating and 
standardizing customer criteria designed to fulfill client requirements 
in the market. Based on this analysis, we  design a set of service 
packages that are relevant to these customer groups. Simultaneously, 
in the context of aging, random pension service projects are more 
dispersed, based on the diversity of home care services. Through the 
design of the older adults care service product family, single service 
combinations will be dispersed in order to ensure the demand at the 
same time to save the operating costs, endowed with the enterprise to 
increase the service diversification of the guarantee. By packages 
utilizing service resources and staffing, the aim is to prevent resource 
wastage and costly configurations. The package ensures a stable order 
by effectively coordinating the balance between service supply and 
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demand. This prevents the loss of customers due to excessive demand 
caused by resource shortages, as well as mitigates the risk of high 
operating costs resulting from excess resources due to insufficient 
demand. Achieving a balance in service supply and demand facilitates 
efficient resource scheduling and enhances service quality for the 
enterprise. Ensuring a balance between service supply and demand 
enables more efficient resource scheduling, boosts service quality, 
guarantees timely service delivery, and increases customer satisfaction. 
This paper proposes a new method to optimize the product family 
design of older adults home care services. Identify the optimal 
combination of packages tailored for the designated area by home care 
service providers to fulfill customer group requirements, thereby 
securing consistent orders to mitigate market risks and achieve the 
goal of maximizing corporate profits. These packages should 
be  structured to reduce operational costs while ensuring the 
uninterrupted delivery of individual services, addressing both group 
needs and individual demands in real-time. Better cope with the rapid 
development of aging and the growing care needs of the older adults, 
effectively alleviate the pressure on the older adults, and improve the 
efficiency of social pension.

With the design of a family of older adults service products that 
consolidates various service offerings into packages and provides 
individual services, enterprises can effectively reduce operational 
costs, enhance service quality, and attract a larger older adult clientele, 
thereby establishing a more stable customer base. This approach 
allows for the strategic hiring of personnel and resource utilization 
based on the packaged services. Customers can access the service at a 
reduced rate compared to the standard price, and acquiring the service 
as a package streamlines the selection process, allowing the enterprise 
to allocate resources effectively, thus expediting service delivery and 
ensuring punctuality. Offering an innovative approach to addressing 
service design challenges in practice. It also serves as a theoretical 
reference for the operational strategies of home care service-oriented 
enterprises, enabling them to effectively respond to the swift 
progression of aging and the escalating care demands of the older 
adults. Furthermore, this design methodology is applicable to related 
domains, such as housekeeping service.

This article has three primary limitations. The first point is that 
differing physical conditions necessitate distinct service quality 
standards, and the costs of service programs differ across various 
demographics. This paper employs a simplistic cost-based pricing 
approach, which inevitably results in approximations and inaccuracies 
that may cause the final profit estimates to deviate from their actual 
values. In the future, more precise pricing methodologies could 
be integrated to account for the multifaceted impact of services on 
costs, thereby enhancing alignment with actual values in design. The 
second point is that this paper exclusively examines the internal 
competition of a singular service product within the operational 
framework of an enterprise. However, actual enterprise operations 
may necessitate consideration of external competitive service products 

due to regional disparities. Adjustments should be made in accordance 
with the prevailing environment to enhance the accuracy of demand 
estimations and mitigate operational risks. The third point is that the 
scenarios incorporated in the model’s design in this paper are more 
idealized and do not thoroughly examine the impacts of policy. The 
specific policies of the Chinese government’s healthcare decision-
making bodies in a particular region must be  taken into account 
during implementation to enhance the model’s detail 
and comprehensiveness.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

Author contributions

CY: Conceptualization, Data curation, Funding acquisition, 
Investigation, Methodology, Project administration, Resources, 
Supervision, Validation, Writing – original draft, Writing – review & 
editing. PZ: Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Project administration, Writing – original 
draft, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This work was 
supported in part by the Liaoning Provincial Social Science Planning 
Fund [L21CGL021].

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Qiao X. The past, present and future of population aging in China. Social Policy Res. 

(2024) 1:47–133. doi: 10.19506/j.cnki.cn10-1428/d.2024.01.001

 2. Johansen LW, Lausund H, Jøranson N. Health professionals’ experiences with 
health-promoting dialogues for older home-dwellers—a qualitative study. Behav Sci. 
(2024) 14:464. doi: 10.3390/bs14060464

 3. Cho D, Cheon W. Older adults’ advance aging and life satisfaction levels: effects of 
lifestyles and health capabilities. Behav Sci. (2023) 13:293. doi: 10.3390/bs13040293

 4. Shengzu G, Fang L, Cao D. Strategic considerations for advancing the elderly 
service sector in response to population aging. Econ Assessment. (2015) 9:1–7. doi: 
10.16528/j.cnki.22-1054/f.201509001

https://doi.org/10.3389/fpubh.2024.1479586
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.19506/j.cnki.cn10-1428/d.2024.01.001
https://doi.org/10.3390/bs14060464
https://doi.org/10.3390/bs13040293
https://doi.org/10.16528/j.cnki.22-1054/f.201509001


Yu and Zhao 10.3389/fpubh.2024.1479586

Frontiers in Public Health 22 frontiersin.org

 5. Moon SK, Shu J, Simpson TW, Kumara SR. A module-based service model for mass 
customization: service family design. IIE Trans. (2010) 43:153–63. doi: 
10.1080/07408171003705383

 6. Dou R, Li W, Nan G. An integrated approach for dynamic customer requirement 
identification for product development. Enterp Inf Syst. (2019) 13:448–66. doi: 
10.1080/17517575.2018.1526321

 7. Zhao S, Zhang Q, Peng Z, Fan Y. Integrating customer requirements into 
customized product configuration design based on Kano’s model. J Intell Manuf. (2020) 
31:597–613. doi: 10.1007/s10845-019-01467-y

 8. Kuramoto Y, Nabeshima H, Khan MSR, Kadoya Y. The Association of Caregivers’ 
socio-economic conditions with family caregiving norms: evidence from China. Behav 
Sci. (2023) 13:362. doi: 10.3390/bs13050362

 9. Bao J, Zhou L, Liu G, Tang J, Lu X, Cheng C, et al. Current state of care for the 
elderly in China in the context of an aging population. Biosci Trends. (2022) 16:107–18. 
doi: 10.5582/bst.2022.01068

 10. Bao J, Tang Q, Chen Y. Individual nursing care for the elderly among China's aging 
population. Biosci Trends. (2017) 11:694–6. doi: 10.5582/bst.2017.01285

 11. Zhou H, Wang J. “Design of intelligent elderly care service system combined with the 
medical care and elderly care based on IoT: study on intelligent elderly care service system 
service model and hierarchical architecture based on IoT.” Proceedings of the 2023 4th 
International Symposium on Artificial Intelligence for Medicine Science. (2023) pp.992–996.

 12. Yin X, Li Y, Gao R, Li J, Wang H. Understanding the purchase decisions of silver 
consumers in short-form video platforms from the perspective of existence, relatedness, 
and growth needs. Behav Sci. (2023) 13:1011. doi: 10.3390/bs13121011

 13. Wei W, Tsai S, Tsai Y, Lo Y. “Service design Indicator construction for rehabilitation 
needs of institutional long-term Care for the Elderly.” International conference on 
humanities and social science 2016. Atlantis Press. (2016) pp. 876–884.

 14. Hu F, Jin Y, Zhan X. A study on healthy food service designing for semi-disabled 
elderly based on SAPAD. Procedia CIRP. (2019) 83:506–12. doi: 10.1016/j.procir.2019.04.130

 15. Huang J, Zhang C. Analysis of the assessment of the Chinese government's 
decision-making capacity and its enhancement. Using the decision-making process of 
medical and health system reform as an illustration. Sociol Sci. (2011) 11:12–21. doi: 
10.3969/j.issn.0257-5833.2011.11.002

 16. Chen X, Zhang Z. “Exploration and practice of service design intervention for the 
elderly with mild cognitive impairment.” International conference on human-computer 
interaction. Cham: Springer International Publishing. (2022) pp.183–196.

 17. Thapaliya K, Cornell V, Lang C, Caughey GE, Barker A, Evans K, et al. Aged and 
health care service utilization by older australians receiving home care packages. J 
Am Med Dir Assoc. (2023) 24:395–399.e2. doi: 10.1016/j.jamda.2022.11.019

 18. Zhang Y, Zhang M, Hu H, He X. Spatio-temporal characteristics of the supply and 
demand coupling coordination of elderly care service resources in China. Int J Environ 
Res Public Health. (2022) 19:10397. doi: 10.3390/ijerph191610397

 19. Fukuda S, Lal S, Katauke T, Khan MSR, Kadoya Y. Impact of changing 
socioeconomic conditions on family caregiving norms: evidence from Japan. Behav Sci. 
(2022) 12:471. doi: 10.3390/bs12120471

 20. Xu Q, Chow JC. Exploring the community-based service delivery model: elderly 
care in China. Int Soc Work. (2011) 54:374–87. doi: 10.1177/0020872810396260

 21. Shao Q, Yuan J, Lin J, Huang W, Ma J, Ding H. A SBM-DEA based performance 
evaluation and optimization for social organizations participating in community and 
home-based elderly care services. PLoS One. (2021) 16:e0248474. doi: 10.1371/journal.
pone.0248474

 22. Wu Z, Kwong CK, Lee CKM, Tang J. Joint decision of product configuration and 
remanufacturing for product family design. Int J Prod Res. (2016) 54:4689–702. doi: 
10.1080/00207543.2015.1109154

 23. Hsiao WB, Chiu MC, Chu CY, Chen WF. A systematic service design methodology 
to achieve mass personalization. Int J Agile Systems Manag. (2015) 8:243–63. doi: 
10.1504/IJASM.2015.073520

 24. Wang Q, Tang D, Yin L, Salido MA, Giret A, Xu Y. Bi-objective optimization for 
low-carbon product family design. Robot Comput Integr Manuf. (2016) 41:53–65. doi: 
10.1016/j.rcim.2016.02.001

 25. Liu E, Hsiao SW, Hsiao SW. A decision support system for product family design. 
Inf Sci. (2014) 281:113–27. doi: 10.1016/j.ins.2014.04.039

 26. Zhang Y, Jiao J, Ma Y. Market segmentation for product family positioning based 
on fuzzy clustering. J Eng Des. (2007) 18:227–41. doi: 10.1080/09544820600752781

 27. Kumar D, Chen W, Simpson TW. A market-driven approach to product family 
design. Int J Prod Res. (2009) 47:71–104. doi: 10.1080/00207540701393171

 28. Pan XW, Zhu XY, Ji YJ, Yang Y, Wu YM. An information integration modelling 
architecture for product family life cycle in mass customisation. Int J Comput Integr 
Manuf. (2014) 27:869–86. doi: 10.1080/0951192X.2013.869833

 29. Geng X, Li Y, Wang D, Zhou Q. A scenario-driven sustainable product and service 
system design for elderly nursing based on QFD. Adv Eng Inform. (2024) 60:102368. doi: 
10.1016/j.aei.2024.102368

 30. Agrawal T, Sao A, Fernandes KJ, Tiwari MK, Kim DY. A hybrid model of 
component sharing and platform modularity for optimal product family design. Int J 
Prod Res. (2013) 51:614–25. doi: 10.1080/00207543.2012.663106

 31. Tay CK, Chen SL. Cost estimation of a service family based on modularity. Int J 
Prod Res. (2016) 54:3059–79. doi: 10.1080/00207543.2016.1156781

 32. Du G, Xia Y, Jiao RJ, Liu X. Leader-follower joint optimization problems in product 
family design. J Intell Manuf. (2019) 30:1387–405. doi: 10.1007/s10845-017-1332-4

 33. Wu Y, Zhao X, Xu Y, Chen Y. A flexible planning methodology for product family 
assembly line based on improved NSGA_II. Assem Autom. (2020) 40:625–39. doi: 
10.1108/AA-05-2019-0098

 34. Tan C, Chung H, Barton K, Hu SJ, Freiheit T. Incorporating customer 
personalization preferences in open product architecture design. J Manuf Syst. (2020) 
56:72–83. doi: 10.1016/j.jmsy.2020.05.006

 35. Zhou Z, Wang L, Dong Y. Research on innovative design of community mutual 
aid elderly care service platform based on Kano model. Heliyon. (2023) 9:e15546. doi: 
10.1016/j.heliyon.2023.e15546

 36. Feldman J, Jiang P. Display optimization under the multinomial logit choice model: 
balancing revenue and customer satisfaction. Prod Oper Manag. (2023) 32:3374–93. doi: 
10.1111/poms.14040

 37. Zhang Y, Chen J, Jiang Z. Optimal product service system configuration 
considering pairing utility and uncertain customer behavior. Flex Serv Manuf J. (2023) 
35:343–75. doi: 10.1007/s10696-021-09424-9

 38. Wang J. Determination of necessary sample size for interval estimation based on 
hypothesis testing. Statistics and decision-making. (2023) 39:29–33. doi: 10.13546/j.cnki.
tjyjc.2023.21.005

 39. Zhou K, Du G, Jiao RJ. Personalized service product family design optimization 
considering crowdsourced service operations. Comput Ind Eng. (2022) 166:107973. doi: 
10.1016/j.cie.2022.107973

 40. Heath C, Larrick RP, Wu G. Goals as reference points. Cogn Psychol. (1999) 
38:79–109. doi: 10.1006/cogp.1998.0708

 41. Xu H, Zhou J, Xu W. A decision-making rule for modeling travelers’ route choice 
behavior based on cumulative prospect theory. Transportation Res Part C: Emerg 
Technol. (2011) 19:218–28. doi: 10.1016/j.trc.2010.05.009

 42. Wu CC. Inquiring about loss aversion of achievement value. Behav Sci. (2023) 
13:400. doi: 10.3390/bs13050400

 43. Tversky A, Kahneman D. Advances in prospect theory: cumulative 
representation of uncertainty. J Risk Uncertain. (1992) 5:297–323. doi: 10.1007/
BF00122574

 44. Birnbaum MH. Three new tests of independence that differentiate models of risky 
decision making. Manag Sci. (2005) 51:1346–58. doi: 10.1287/mnsc.1050. 
0404

https://doi.org/10.3389/fpubh.2024.1479586
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1080/07408171003705383
https://doi.org/10.1080/17517575.2018.1526321
https://doi.org/10.1007/s10845-019-01467-y
https://doi.org/10.3390/bs13050362
https://doi.org/10.5582/bst.2022.01068
https://doi.org/10.5582/bst.2017.01285
https://doi.org/10.3390/bs13121011
https://doi.org/10.1016/j.procir.2019.04.130
https://doi.org/10.3969/j.issn.0257-5833.2011.11.002
https://doi.org/10.1016/j.jamda.2022.11.019
https://doi.org/10.3390/ijerph191610397
https://doi.org/10.3390/bs12120471
https://doi.org/10.1177/0020872810396260
https://doi.org/10.1371/journal.pone.0248474
https://doi.org/10.1371/journal.pone.0248474
https://doi.org/10.1080/00207543.2015.1109154
https://doi.org/10.1504/IJASM.2015.073520
https://doi.org/10.1016/j.rcim.2016.02.001
https://doi.org/10.1016/j.ins.2014.04.039
https://doi.org/10.1080/09544820600752781
https://doi.org/10.1080/00207540701393171
https://doi.org/10.1080/0951192X.2013.869833
https://doi.org/10.1016/j.aei.2024.102368
https://doi.org/10.1080/00207543.2012.663106
https://doi.org/10.1080/00207543.2016.1156781
https://doi.org/10.1007/s10845-017-1332-4
https://doi.org/10.1108/AA-05-2019-0098
https://doi.org/10.1016/j.jmsy.2020.05.006
https://doi.org/10.1016/j.heliyon.2023.e15546
https://doi.org/10.1111/poms.14040
https://doi.org/10.1007/s10696-021-09424-9
https://doi.org/10.13546/j.cnki.tjyjc.2023.21.005
https://doi.org/10.13546/j.cnki.tjyjc.2023.21.005
https://doi.org/10.1016/j.cie.2022.107973
https://doi.org/10.1006/cogp.1998.0708
https://doi.org/10.1016/j.trc.2010.05.009
https://doi.org/10.3390/bs13050400
https://doi.org/10.1007/BF00122574
https://doi.org/10.1007/BF00122574
https://doi.org/10.1287/mnsc.1050.0404
https://doi.org/10.1287/mnsc.1050.0404

	Service product family optimization design for demand-driven older adult home care
	1 Introduction
	2 Related work
	2.1 Designing services for the older adults
	2.2 Product family design

	3 Principles and methods
	3.1 Problem description
	3.2 Gathering customer requirements
	3.3 Computation of utility functions
	3.4 Determination of product requirements
	3.5 Profit function calculation
	3.6 Older adult service product family design optimization mode
	3.7 Model solving

	4 Example analysis
	4.1 Background and data
	4.2 Results and analysis

	5 Discussion
	5.1 Influence of model parameters
	5.2 Impact of potential constraints
	5.3 Extended application of the model

	6 Conclusion

	References

