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ABSTRACT

This study investigated integrated elderly care services supply chains using a combination of decision-
making trial and evaluation laboratory (DEMATEL), interpretative structural modeling (ISM), and
the technique for order preference by similarity to ideal solution (TOPSIS). The research identifies
the key factors related to the emergency response capabilities of elderly service supply chains and
the most important ways to improve them. The integrated DEMATEL-ISM-TOPSIS method provides
new theoretical support for the management of elderly care service supply chains.
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1. INTRODUCTION

Elderly services have become a focus of social concern in the context of a severe global aging problem
and falling birth rate. The aging of the population in China is worse than that in other countries. One
of the key reasons is the one-child policy implemented in 1980, which has greatly reduced China’s
overall fertility rate and changed Chinese people’s concept of fertility. The challenges faced by China
in social security and care for the elderly provide opportunities for the elderly care industry and
other related industries (He & Wang, 2019). The elderly care service industry, driven by the growth
in demand, is an emerging industry, which has formed a healthy supply chain integrating services,
care products and equipment, information technology, financing, care system integration, and other
resources for the elderly. Community-based, institutional, and home-based elderly care services are
the three most important elderly care service models in China. However, all are inseparable from the
cooperation between upstream and downstream enterprises in the supply chain. From the perspective
of the supply chain, the elderly care service industry should pay attention to the construction of
upstream and downstream partner networks and should focus on the partnership and network of
all stakeholders (Supromin & Choonhakhlai, 2019). At present, the elderly care service market has
formed a service chain with a clear structure and an explicit subject. The elderly services market
and industrial supply chain in China are in the initial stage: the market has not yet formed a scale,
the utilization rate of resources is low, and resources are unstable. The elderly, the object of elderly
care services, are characterized by many sudden diseases and diverse needs for their care (Menghi et
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al., 2019). The diversity and personalization of health care services for the elderly are of paramount
importance. The requirements for elderly care service products are more complex than other types
of services and products, leading to higher demand fluctuations (Zhao, 2020). The shortage of raw
materials in the upstream and downstream supply chain, sudden changes in service demand, quality
problems, and mismatches in demand may all cause supply chain risks and affect the stability of the
supply chain (Raghunath & Devi, 2018; Sharma et al., 2017). Public safety and health incidents,
unexpected social security incidents, and natural disasters will also cause increased fluctuations in
the supply chain. Society has realized the importance of emergency management after the COVID-19
outbreak. Once an emergency occurs, it causes great personal injury to the receivers of elderly
care services. As social public safety and hidden dangers receive increasing attention, emergency
management has become a point of discussion for society and scholars alike. Research showed
that 71.3% of respondents have low response capability when emergencies occur in elderly care
institutions (Kim & Bae, 2020). The analysis of and research on the emergency capability of elderly
care services is beneficial to discover its weaknesses and implement targeted measures for prevention.
Therefore, emergency management in the elderly services supply chain should be a concern for all
sectors of society in both macro and micro views. The current research on emergency management
for the elderly mainly focuses on emergency medical treatment (Kim & Bae, 2020; Lee et al., 2017,
Platts-Mills et al., 2010). Relevant research identifying and understanding the emergency response
capability of the elderly care services industry from the perspective of the supply chain is still lacking.
The present research intends to build an indicator system for the emergency response capabilities
of those in the elderly care services supply chain, which can make up for the lack of research in this
area. In a practical sense, this research can provide a theoretical reference and basis for elderly care
service integrators (SIs) and participating companies to improve their supply chain capabilities and
ensure the stability of the elderly care services supply chain.

For the model and method, this research will construct evaluation indicators of the elderly
services’ emergency capabilities from the perspective of the supply chain for the first time and
propose a new method, integrating the decision-making trial and evaluation laboratory (DEMATEL),
interpretative structural modeling (ISM), and technique for order preference by similarity to ideal
solution (TOPSIS) methods into the DEMATEL-ISM-TOPSIS method to analyze and evaluate the
attributes of various factors of the emergency capability of the elderly services supply chain. This
method combines the main advantages of the three methods to simplify the calculation process. The
integrated DEMATEL-ISM-TOPSIS method is a hybrid and diversified decision-making evaluation
method and is an innovative research methodology.

The basic framework of this article is as follows. First, this research builds an operational
model of the elderly care services supply chain and proposes an operational model of the emergency
supply chain to form an index system of the emergency capability of the former. Second, through the
DEMATEL-ISM-TOPSIS model, this research analyzes and evaluates the relationship between the
elements of emergency capability, as well as their strengths and importance; constructs an ISM model,;
and explores which factors of emergency capability for the elderly are influential at the surface-level
and which low-level. Finally, this research evaluates the emergency response capabilities of elderly
care service institutions and provides management guidelines for elderly care services to manage
their emergency response capabilities.

2 LITERATURE REVIEW

2.1. Elderly Care Services Supply Chain

The supply chain theory was first applied in the industrial field. With the intersection of disciplines,
numerous subresearch fields have been derived, such as the cross-study of the supply chain and big
data (Chehbi-Gamoura et al., 2021), and the research derived from the combination of the traditional
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supply chain and the service industry, such as the logistics, (Liu et al., 2018), medical (Tooranloo et
al., 2018), and tourism (Huang, 2018) services supply chains. Supply chains are network chains with
service output as their core. They integrate various resources among suppliers, service providers (SPs),
and consumers through service production and delivery to consumption; transforms them into core
or supporting services; and finally transmits them to customers (Baltacioglu et al., 2007). The elderly
care services supply chain is a multi-level network composed of an elderly care SI and an elderly care
SP (Zhao, 2020). The sustainability of the elderly care services supply chain can be achieved through
flexible contracts (Zhao, 2021), and a set of key performance indicators are needed to evaluate them
(Mezouar & Afia, 2018). Third-party agencies can integrate resources for elderly care services to
achieve resource complementarity and improve service satisfaction (Gao & Zhou, 2020). In addition,
the elderly care services supply chain also involves reverse logistics (Putthinoi et al., 2015).

The supply-chain operations reference (SCOR) model is a concept for managing the advanced
business operation technology established by the Supply Chain Council (SCC) to improve the
competitiveness and cooperation between upstream and downstream trading partners. The SCOR
model covers activities from demand confirmation to product delivery, such as planning, purchasing,
production, delivery, sales, and returns (Stewart, 1997), and is further subdivided into process
categories, elements, tasks, and activities (Cao et al., 2018; Ntabe et al., 2015). As the traditional
SCOR model does not include sales, design, or product development, it cannot fully describe the
business framework components, so the SCC later proposed the design-chain operations reference
(DCOR) and the customer chain operation reference (CCOR) models. The DCOR model spans
activities between customer demand and product design or specifications to meet customer demand,
and the CCOR model covers activities related to establishing and maintaining customer relationships,
identifying customer needs, and providing product support. The integrated business framework model
that comprises DCOR, CCOR, and SCOR extends the connotations of the traditional SCOR model. It
can be more widely used in various service industries rather than being limited to traditional industrial
fields; thus, it can be called the integrated SCOR.

Supply chain innovation has become important in today’s competitive world (Mandal, 2016).
Using supply chain theory to analyze the elderly care services industry is an emerging area of research.
At present, there is no literature on the emergency capability of the elderly care services supply chain.
Therefore, this research is a crucial supplement to the elderly care services supply chain theory.

2.2 Emergency Capability of the Elderly Care Services Supply Chain

Compared to young people, elderly people use emergency medical services (EMS) at a high rate (Platts-
Mills et al., 2010). Fall-related injuries in the elderly are the main reason for them to use EMS (Lee et
al., 2017). During a stay in a nursing home, an elderly person’s health may suddenly deteriorate, so it is
very important to monitor it. With the rapid advancement of health informatization, intelligent nursing
home systems have become prevalent (Cui et al., 2020). Failure to effectively provide emergency
information about the elderly may adversely affect their well-being (Gill et al., 2016). Developing a
geriatric care management system based on the Internet of Medical Things JoMT) can monitor the
health of the elderly to respond to care plans in a timely manner and improve the efficiency of care
and the quality of medical services (Gill et al., 2016; Tang et al., 2019). Influenced by COVID-19,
the artificial intelligence-based electronic health system for elderly care is conducive to improving
the overall quality of home care services (Lam et al., 2021), and the use of telemedicine services
and online healthcare systems can also benefit both doctors and patients (Iyamu & Shaanika, 2020;
Rahi, et al., 2021).

In disaster emergency supply chain management, the characteristics of non-cooperation between
members, interruption of the command chain, abuse of relief supplies, lack of information sharing,
mistrust, and lack of coordination have seriously affected the assistance work of the supply chain
(Dwivedi et al., 2018). Emergency relief supply chain design is important, as it affects the overall
performance of emergency management activities significantly (Hong et al., 2015). Design elements,
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inventory, transportation, capacity, and technical elements should be considered in the design of the
supply chain (Melnyk et al., 2014). The capability of the emergency supply chain is affected by cost,
response time, and spare capacity of the backup supplier (Thomas & Mahanty, 2020). The effective
operation of emergency logistics and rapid response to the emergency needs of disaster areas are
crucial in disaster emergency rescue services (Ji & Zhu, 2012). A pre-deployed warehouse network
for emergency response can reduce cost and response time (Jahre et al., 2016).

The current research on emergency management of the elderly mainly emphasizes the field of
emergency medical treatment, and there is no literature analyzing the emergency response capability
of the elderly care services from the perspective of the service supply chain. The research showed
that 71.3% of the respondents have low emergency response capability when emergencies occur in
elderly care institutions (Kim & Bae, 2020). Analyzing the factors of the elderly care services supply
chain will help elderly care service organizations improve their emergency response capability and
ensure the stability of the elderly care services supply chain. At present, there is no literature on the
emergency response capability of the elderly care services supply chain. Therefore, this research has
great supplementary significance to the emergency response theory of the elderly care services supply
chain, which has important practical significance for the improving the emergency management
capability of the elderly care services supply chain.

2.3 Literature on Evaluation Methods

The methods used to evaluate emergency capability, such as the analytic network process (ANP),
fuzzy comprehensive evaluation method, and grey clustering method, focus on the evaluation of
decision-making units (DMUs) but lack the attribute analysis of each indicator element. Those methods
cannot analyze the strength, importance, and structural hierarchical relationship of the factors. System
dynamics methodology and structural modeling can analyze the attributes and logical relationships
of factors, but they cannot evaluate the overall evaluation unit. This research not only analyzes the
strength, importance, and structure of the factors but also evaluates the overall evaluation unit, so a
hybrid integration method is needed.

In past research, researchers use the integrated DEMATEL-ISM method to analyze factor
evaluation, which can avoid the shortcomings of the two methods. The integrated DEMATEL-ISM
method is used to analyze factors of DMUs in multiple fields, such as the obstacles to sustainable
transportation in Indian inland waterways (Trivedi et al., 2021), the factors affecting the safety of coal
mine production (Wang et al., 2018), the obstacles to the implementation of e-waste management
practices (Kumar & Dixit, 2018), and the causes of accidents in the gas pipeline network (Li et al.,
2019).

The DEMATEL method uses graph theory and matrix relationships to analyze the causal
relationship between various factors of the decision matrix. This method is used to screen the main
elements of complex problems and simplify the process of system structure analysis. The DEMATEL
method can be used to calculate the degree of influencing and being influenced among the factors
of the decision-making evaluation matrix (Kilic & Yalcin, 2020; Yazdi et al., 2020) to obtain the
relationship degree between various indicators of the decision-making evaluation matrix by calculating
the centrality degree and the causality degree. By establishing the central and causal factors of the
emergency capability of the elderly care services supply chain, the importance of each factor on the
quality of elderly care services can be obtained. The ISM method can deconstruct the complex and
disordered relationship between these factors in the decision matrix system into a clear, multi-level
hierarchical structure. However, DEMATEL and ISM also have shortcomings that cannot be ignored.
The DEMATEL method cannot reveal the inner logical structure within each factor. The factors of
the decision matrix stratified by the ISM method in the same level have no primary or secondary
relationship.

The DEMATEL method can be used to explore the causal relationship between evaluation factors,
and the model calculation requires a small sample size. The ISM method can be used to explore the
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hierarchical logical relationship between factors. But both of these models are used to analyze and
evaluate factors, and they cannot evaluate and rank the entire DMU. If it is necessary to evaluate and
rank DMUs, they are often used in combination with other methods, such as combining DEMATEL
with ANP, to evaluate and rank the DMUs (Raut et al., 2021) and combining DEMATEL and TRIZ
to evaluate key points (Chang et al., 2017).

The TOPSIS method can rank multiple alternatives according to their similarity or proximity
to the ideal solution. In past research, the TOPSIS model has been widely used in various fields to
rank DMUs. For example, Okwu and Tartibu (2020) used the TOPSIS method to rank suppliers to
make decisions. Leung et al. (2021) combined the fuzzy, ANP, and TOPSIS methods to rank food
retailers. Some scholars also combined DEMATEL and TOPSIS to evaluate supplier performance
(Mohammed et al., 2021) or used a combination of DEMATEL, ANP, and TOPSIS to rank competing
solutions (Alam-Tabriz et al., 2014).

This research analyzes the factors in the emergency capability of the elderly care services supply
chain; analyzes and evaluates the causal relationship between emergency capability elements, their
strength, and importance; and explores which factors of the emergency capability of services for the
elderly are surface-level and which are bottom-level factors. Using the DEMATEL-ISM method,
the structural hierarchical relationship and master—slave logical relationship of the factors in the
emergency capability of various elderly care services are clarified. Combining these with TOPSIS
to evaluate the emergency capability of the DMU of an elderly care institution, the evaluation score
is obtained. The integrated DEMATEL-ISM-TOPSIS method is a hybrid and diversified decision-
making evaluation method and is an innovative research methodology.

3 MODEL AND EVALUATION INDEX

3.1 Operation Model of the Elderly Care Services Supply Chain

The current situation and welfare system for the elderly in China are very different to those in other
countries; therefore, the development of the elderly care industry cannot copy them. Community-
based, institutional, and home-based elderly care services are the three most important elderly care
service models in China. The institutional elderly care service model refers to the elderly living in
third-party institutions, such as nursing homes, welfare homes, and hospitals, where professional
service organizations provide nursing services for them. This model is widely adopted globally.
Community-based elderly care services use the community as a platform from which to provide
day care centers, eateries, and supermarkets for the elderly, among other services. The elderly can
therefore live with their families and care services provided by the community. Home-based elderly
care services regard the family as the core. The elderly live at home, and professionally trained service
personnel or dedicated agencies will come to provide elderly care services.

In the elderly care services supply chain, the elderly are the end-consumers. Community-based
elderly care service institutions and third-party elderly care organizations are the SIs of the supply
chain. They are the core of the supply chain and are responsible for the integration and matching of
demand to resources. The upstream of the elderly care services supply chain includes housekeeping,
life care, spiritual comfort, medical care, and cultural and entertainment SPs. A widely accepted
structure of the service supply chain is: “SP—SI-Customer” (Baltacioglu et al., 2007; Liu et al.,
2019). The operational model of the elderly care services supply chain, from the supply of elderly
care services to their consumption, is shown in Figure 1. The elderly care service process is divided
into three basic stages: service supply, integration, and implementation. In the integration stage,
the core enterprise integrates elderly care service information, funds, and products; develops and
designs elderly care service projects; and provides a complete set of integrated service solutions for
the elderly. In the implementation stage, the elderly purchase old-age service products and projects.
These can be divided into government-purchased and self-financed projects. In the three-stage process
of supply chain operation, there are a series of activities, such as service planning, demand tracking,



Information Resources Management Journal
Volume 35 - Issue 1

service feedback, information flow, logistics, and capital flow, all of which are set to achieve the
goal of caring for the elderly.

Figure 1. Operational model of the elderly care services supply chain
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3.2 The Emergency Supply Chain Model and The Evaluation Indicators
of the Emergency Capability of Elderly Care Services

Emergency rescue supply chain design is an important strategic decision (Hong et al., 2015), and
customer-centricity is the most crucial factor in the improvement of supply chain quality management
(Chau et al., 2021). According to the integrated supply chain model comprising DCOR, CCOR,
and SCOR, the modern supply chain operational model includes planning, supply, delivery, and
feedback. Combining the characteristics of the elderly care service industry and supply chain, based
on the theory of the integrated supply chain, this article outlines the emergency supply chain model
of elderly care services, including emergency design, planning, supply, delivery, and feedback. The
operational model of the emergency supply chain for elderly services is proposed in Figure 2. Based
on this, the emergency capability indicator system of the elderly services supply chain is proposed
in Table 1. After the initial questionnaire design was completed, the research team surveyed a total
of 86 respondents from 11 elderly care service organizations located in Guangzhou, Shenzhen, and
Dongguan. Among the respondent were employees of elderly care service institutions, customers
of elderly care service institutions, scholars from universities and research institutions, officials of
government departments for elderly services, and family members of the elderly. Initially, the survey
team established an evaluation system of 30 indicators. After discussion, it deleted some indicators
that the interviewees did not understand clearly and others that were difficult for them to score, and
finally retained 14 evaluation indicators, as shown in Table 1.

4 METHODOLOGY

This paper propose an integrated DEMATEL-ISM-TOPSIS method to analyze various factors affecting
the capability of the elderly services supply chain, aiming to obtain the weight of each evaluation
factor and the total DMU score to evaluate and rank the emergency capability of elderly services.
The process diagram of the methodology is shown in Figure 3.
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Figure 2. Operation model of the emergency supply chain for elderly services
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Step 1: Establish initial direct influence matrix

Assuming that the scales 0, 1, 2, 3, 4, and 5 represent the range from “no influence” to “very
high influence,” experts are asked to propose the influences of these factors based on pairwise factor
comparisons in terms of the degree and directions of influence. Matrix X X represents the interaction

between the factors of the emergency capability of the elderly services supply chain, and T, T,

represents the degree to which the factor S, S, affects the factor SJ.S]. .

xnl

x22

xn 2

IQn

nn

Step 2: Establish the comprehensive influence matrix

By normalizing the initial direct influence matrix, the normalized direct influence matrix X"

X' is obtained by Eq. (1), and the comprehensive influence matrix T T is obtained through the
calculation of matrix X' X' by Eq. (2):
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Table 1. Evaluation

indicators

_Flr§t-level Second-level indicators Detailed indicator explanation
indicators
S,:Design of emergency | Whether the emergency response plan is comprehensive and operable and
Emergency response plan whether there are multiple emergency plans
d"'Slng ) S “Emereency plan Whether the emergency drills take the particularity of service objects into
capability trza;inin %m d zl]rlijlls account, whether the emergency plan achieves training for all staff, and
€ whether the emergency plan and drills have good effect
S3:Ear'l}f warning The ability to collect and analyze information and give early warning of
capability of emergency g . .
. : the potential sources of danger in emergencies
information
$4:Emergency — The ability of elderly services to monitor the risk factors and information
information monitoring . . . . .
- in emergencies and release timely information
capability
Emergency Whether the emergency rescue team has the ability to coordinate,
planm.n.g S :Emereency personnel communicate, and command in multiple departments; whether it is
capability 5 METEENCY Persor organized and responds in a timely manner; and whether there is a
organization capability .
backup plan and backup rescue personnel when the rescue manpower is
insufficient
The ability to cooperate with other primary health and medical
S,:Emergency medical institutions, the ability to coordinate and communicate with the social
coordination capability security department, and the ability to urgently communicate with the
elderly care material suppliers
In the face of emergencies, whether emergency supplies can be mobilized
S_:Emergency supply . . . .
rej lenishment rate quickly and in time and whether they can be quickly replenished when the
Emergency P reserves are insufficient
supply - -
capability S, Emergency supply ‘When suppllers are in short supply and cannot meet the needs of
reparation capability emergencies, whether there are emergency plans for procurement and
p supply and backup suppliers to quickly replenish goods
S,:Emergency rescue Whether the emergency service and emergency medical referral can
response capability respond quickly
. ‘Whether the commonly used emergency medical equipment and materials
5, Emergency medical are reserved and whether the medical treatment is carried out in a timel
Emergency service capability . . Y
delivery manner in emergencies
capability S, ,:Emergency In the face of sudden material demand, whether there is a rapid
distribution capability distribution team and distribution capability
:El .
S mergency reserve ‘Whether there is emergency stock to meet sudden demand
capability
j{]iﬁi?;ieggg feedback Whether there are good capability of emergency information
Emergency i communication, feedback, and evaluation
feedback capability
capability S :Aftermath settlement | In the face of emergencies, whether there is the ability to quickly deal
capability with the aftermath and assess quickly to reduce losses
n n
X' = X max z. | X' = X max x. 1
I<i<n Z]:l 1 1<i<n Z_]:l 1 ( )
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Figure 3. The process diagram of the methodology
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Step 3: Calculate the degrees of influence, being influenced, centrality, and causality of decision-
making evaluation factors

The factors of the matrix tt, are added by rows and columns to obtain the influence degree F,
F and the degree of being influenced £, E. using Eqs. (3)—~(4). The degrees of centrality M , M,

and causality V,, N_, of the decision-making factors are obtained by the addition and subtraction of
the degrees of influence and being influenced of each factor, respectively, using Egs. (5)—(6).

F=%t,(i=123..,n) F =% t.,i=123..n) 3)
J=1 j=1
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E = thj,(i =123,...,n) E = Ztij,(i =1,2,3,..,n) )
i=1 i=1

M =F+E M =F+E, &)

N,=E-E N, =F-I (©)

The degree of influence, F; E7 F: , represents the comprehensive influence of the factor, SI. S,, s
on other factors. The degree of being influenced, £ , represents the comprehensive influence of
other factors on factor S. S . The degree of centrality M , M , reflects the importance of the factor
in the risk system, Wherle fELlCtOI'S with higher degrees of cent[irality degree are more important. The
degree of causality N,, N, reflects the influence of factor S, S, on other factors. The degree of
causality N ;> 0, N L > 0, indicates that the factor has a great influence on other factors; therefore,
it is called the causal factor. The degree of causality N . <0, Ni < 0, indicates that other factors

have a great influence on this factor; therefore, it is called the resultant factor.

Step 4: Draw the quadrant distribution of the factor

Taking the degree of causality N e N i and the degree of centrality, M I,M . of each factor as the
X and Y axis to draw the coordinate graph, the quadrant distribution of the factor is obtained by
marking out the coordinate position of each factor. The status and importance of each factor can then
be analyzed, combined with the position of each factor in each quadrant.

Step 5: Construct the reachability matrix

The overall influence matrix H , H , is obtained by adding the matrix 7', 7', and unit matrix [ ,
I, using Eq. (7).

H = I + T = (hij)nxn,H = I + T = (hij )nxn (7)
Given a threshold, A\, the reachability matrix, K = (k:l.j)nm K = U% )”X" , can be derived using

Eq. (8).

K= (kij )71><n’kij = {17 hij Z >\|K = (kij )71><n’kij = {17 hij Z )\| (8)

kiikij of the reachability matrix represents the relationship between node i and node jkii =1j.

Where kij =1, there is a connection between nodes ¢ and jj , and k:ij =0 ki]. = 0 means there is

no connection. Through setting a threshold value, A\, minor factors in the influence matrix can be

10
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filtered out, and the value of A\is assigned [O, 1] [0,1]. The larger the value of A A, the more

influencing factors will be removed and the clearer the ISM structure model will be. Therefore, the
value of A\ should be moderate, and the final A\ value can be obtained after several tests and
modifications.

Step 6: Construct the hierarchical network model of ISM

The reachability matrix I<:ij s kij, can be decomposed to reachable set,
R(kb) = {Sj Enlk, = I}R(ki) = { LEn|k, = 1} , and antecedent set
Q(kl) = { L EM | kij = 1}, Q(kl) = { LEN | kij = 1}, and the common factor can be extracted
from these sets according to Eq. A = {S} en| R(kL.) N Q(kL.) = R(k )J =0, 1,...n} 9).

The top-level factors are extracted in the first level as Eq. (9), and a new reachable matrix k' s

k' , is obtained through deleting the corresponding rows and columns of factors extracted from the
first level of the original reachability matrix. The above operations are repeated to establish the factors
in the second level and so on until all factors are extracted to determine the factor of the lowest level,
and then the ISM structure model can be drawn according to these extracted factors.

Step 7: Evaluate factors by TOPSIS

Taking the values of M M, and N N, as the element of the evaluation matrix X* X":

Ml Nl Ml Nl
M| M N,
Mﬂ Nn MTL Nll

As the dimensions of the values of M Z,M ; and N lN ,are not uniform, the data is standardized to
obtain a standardized matrix, Z Z , where ZU A p is the element in the matrix. The distances between
each evaluation object and the ideal solution and between each evaluation object and the worst solution
are calculated to obtain the LTLT L” L The calculation formulas are as follows:

L = \/Z(maxzij —z,) L = \/Z(maxzu —z,) (10)
J

i1 j=1

L = \/Z(minzij —227)2 L = \/Z(minzw _ij)2 (11)
J
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L L
By calculating the closeness of ideal solution L, = — L = — , itis simply to obtain
L +L; L +L

0<L <10< L <1,andthe larger the L L , the higher the weight of the indicator. To score the

performance of each evaluation unit and establish the score of each indicator as y, y, , the total score
of the evaluation unit is calculated as follows:

Y=yL Y=yl (12)

5 EVALUATION AND ANALYSIS

5.1 Obtaining the direct influence matrix

0 to 5 are used to indicate different levels of influence, among which, 0 means almost no influence,
and 5 means a strong influence. The interviewees were invited to score the evaluation indicators,
and the evaluation matrix, , was obtained by averaging the scoring results of respondents. A total of
11 elderly care service institutions were investigated, and 86 evaluations were collected. Among the
11 institutions surveyed, five of them are from Guangzhou, three from Dongguan, and three from
Shenzhen, in the 1-5-score evaluation of elderly care service institutions launched by the Guangdong
Provincial Department of Civil Affairs. These elderly care service institutions are all authorized
by three-star qualification. Among the respondents, 22.3% were employees of elderly care service
institutions, 18.7% were customers of elderly care service institutions, 36.8% were from universities
and research institutions, 13.8% were officials of government departments of elderly services, and
8.4% were family members of the elderly and others.

5.2 Analysis on the Attributes of Influencing Factors

According to Egs. (1)—(6), the degree of influence F, F; the degree of being influenced, E E ; the

degree of centrality M, M, ; and the degree of causality N, N_, of each factor in emergency response

capability were obtained, as shown in Table 2.

The degree of centrality of the factor reflects its importance in emergency capability. The degree
of causality indicates the influence relationship between factors of the emergency capability and
others. When the degree of causality degree is greater than 0, it can be called the causal factor, as it
shows that it has a great influence on other factors. When the degree of causality is less than 0, it can
be called the resultant factor, which indicates that the factor is greatly influenced by other factors.

5.3 Quadrant distribution of the factors of emergency capability

The quadrant distribution of the factors of the emergency capability of the elderly services supply
chain is shown in Figure 4.

5.5 Evaluation of Emergency Capability

DEMATEL compares the factors in the decision-making evaluation matrix in pairs to obtain the
degrees of centrality and causality. After normalization and standardization, S, and S, were calculated
by the TOPSIS method, and the approximate ideal solution value of each evaluation factor S_, S_,

was obtained, which is used as the weight of each factor after normalization. The weight value of
indicators and the initial score of the emergency capability are shown in Table 3.

12
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Table 2. Degree of influence, degree of being influenced, degree of centrality, and degree of causality

Factor | S, S, S, S, Sy S, S, Sy S, S, Sy S, S, S
1.751.28|2.01 |1.76 [ 1.52|1.83|1.16 |1.45[1.66|1.04[1.3[0.93]0.87[0.96
0.28(0.85]|1.28(1.62(1.96(1.39(0.75(0.88|1.1[0.53]1.2[0.75|1.43|1.31
6.9216.28(5.97|6.45(7.06|6.97(7.43|6.75|8.73|7.68|7.22(16.39[532|5.5
1.73 | -0.35 | -0.32 | 0.44 | -0.21 | -0.55 | 0.33 | -0.28 | 0.23 | 0.63 | -0.5 | -0.36 | 0.06 | -0.85

Figure 4. Quadrant distribution of the factors of the emergency capability of the elderly services supply chain
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Centrality degree

The research team conducted a survey on 11 elderly care institutions, selected the evaluation
scores of three of them to summarize, and combined them with the weights shown in Table 3 to
calculate their first-level indicator scores and total scores, as shown in Table 4.

6. RESULTS AND DISCUSSION

According to the results in Table 2, the influencing factors of the emergency capability of the elderly
services supply chain whose degree of causality is greater than 0 are as follows: S, S, S, S, S, 5,
S3, 53, 512, 512, 55, and Sa, namely, the design of the emergency response plan, emergency

information monitoring capability, emergency supply replenishment rate, emergency rescue capability,

13
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Figure 5. ISM model of influential factors for the elderly services supply chain
Surface influencing
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Table 3. Weight value of indicators and the initial score of emergency capability
FaCtor Sl SZ S3 S4 SS S6 S7 Ss S9 SI 0 Sl 1 S12 S13 S14

029 [ 038 | 041 025|028 | 037 |0.14 | 032 | 0.19 | 0.05 | 0.34 | 0.37 | 0.45 | 0.56
0.70 | 0.20 | 0.17 | 0.37 | 0.32 | 0.27 | 0.45 | 0.27 | 0.61 | 0.53 | 0.32 | 0.21 | 0.23 | 0.03
0.71 | 0.34 | 0.29 | 0.60 | 0.53 | 0.43 | 0.77 | 0.45 | 0.76 | 0.91 | 0.48 | 0.36 | 0.34 | 0.05
Weight 0.10 { 0.05 | 0.04 | 0.09 | 0.08 | 0.06 | 0.11 | 0.06 | 0.11 | 0.13 | 0.07 | 0.05 | 0.05 | 0.01

emergency medical service capability, and emergency feedback and evaluation capability. These six
factors have a great influence on other factors, and they are the causal factors of the decision evaluation
matrix. In addition, the other eight factors are called resultant factors, which are greatly influenced
by the six factors above.

The ranking of the factors according to the centrality degree is as follows S : 5> S, S, >S5 |
S, >\=031A=031LL >LL L>L 8>S, 5>85,5,>5,5>8 8.>855,>85,5,
>S5, 8,>8,5,>85, 5, The degree of centrality reflects the importance of the evaluation factors

in the capability of the elderly services supply chain. There are seven factors whose degrees of
importance are above average: the emergency rescue capability, emergency medical service capability,
emergency supply preparation capability, emergency distribution capability, organizational capability
of emergency personnel, emergency medical coordination capability, and design of the emergency
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Table 4. Evaluation score of the emergency response capability of three elderly services institutions

First-level indicators Institution A Institution B Institution C
Emergency design capability 0.53 0.54 0.58
Emergency planning capability 0.91 0.87 0.94
Emergency supply capability 1.28 1.25 1.31
Emergency delivery capability 1.13 1.11 1.08
Emergency feedback capability 0.25 0.24 0.26
Total score 4.10 4.01 4.17

response plan. It shows that these factors play a leading role in the emergency capability of the elderly
services supply chain.

According to the quadrant distribution diagram of the levels of emergency capability (Figure 3),
it can be seen that the key factors of great importance and that have a great influence on other factors

are the design of the emergency response plan (S, S, ), the emergency supply replenishment rate (
S. S, ), the emergency rescue capability (.S, S, ), and the emergency medical service capability (S,
S).

According to the ISM model (Figure 4), 58 S , and S i} 5'12 are at the bottom, which indicates
that the design of the emergency response plan and the organization capability of emergency personnel
are the core and essential influencing factors. The factors S12 52 SQ, Sz, 53 S | S i} S1 ) S , S

14° 13°?
S, S,.and S S are at the top level, which means they directly affect the emergency response
capability of the elderly services supply chain. The factors in the second and third level, S_ S, S,
S

10°
elderly services supply chain. These factors do not directly affect the emergency capability of the
elderly services supply chain but rather have an indirect influence through the top-level factors.

In past research on emergency management of the elderly, more attention has been paid to the
content of emergency medical care, such as the proportion of emergency medical care being used
(Platts-Mills et al., 2010), the main reasons for why emergency medical care is needed (Lee et al.,
2017), and how to improve emergency medical capability (Gill et al., 2016; Tang et al., 2019). This
research studied the emergency capability indicators of elderly care services from the perspective of
the supply chain. By establishing the emergency capability of three elderly care institutions, it was
found that emergency supply and delivery capability were the best-performing, top-level indicators.
The scores of three second-level indicators indicated that the emergency medical service capability,
emergency supply replenishment rate, and emergency rescue response capability were less influential.
This is related to the existing research and tendency to pay more attention to the emergency medical
treatment and rescue of the elderly. The two first-level indicators, emergency design capability and
emergency feedback, performed poorly. This is mainly because agencies have not yet established and
improved emergency management systems from the perspective of the entire supply chain.

Through the above analysis, the attributes, importance, and hierarchical structure of the factors in
the emergency capability of the elderly services supply chain are more deeply and clearly understood.
According to the score and analysis of factors, it is helpful to put forward targeted measures to improve
the emergency capability. In accordance with the analysis results, more attention should be paid to
the following aspects to improve the emergency response capability of elderly services:

13°

S, S, -and S S, are the intermediate influencing factors of the emergency capability of the

15



Information Resources Management Journal
Volume 35 - Issue 1

(1) The formulation and design of emergency plans for elderly services should be strengthened and
perfected, and the organizational capability of emergency personnel should be improved through
regular drills to find problems in emergency management.

(2) Standardized risk prevention guidelines should be established to classify risks, establish plans
and countermeasures, and strengthen the monitoring of risk factors.

(3) A good relationship with medical institutions should be built to improve the replenishment rate
of emergency supply, emergency rescue response capability, emergency medical services, and
other key influencing factors. An elderly care management system based on the [oMT should be
developed. The sharing of information and data on the elderly should be shared between medical
institutions and elderly care institutions, and the storage, retrieval, and reuse of data for medical
and health information services for the elderly should be implemented.

(4) It is necessary to strengthen the ability of information collection and analysis as well as early
warnings for risks, and build a new rapid feedback and processing mechanism.

(5) A backup supplier team for the supply of key goods should be established in the future.

7 CONTRIBUTIONS AND IMPLICATIONS

The supply chain theory was first applied in the industrial field. With the intersection of disciplines,
numerous subresearch fields have been derived. Supply chain innovation has become all the more
important in today’s competitive world. The elderly care services supply chain theory is a new
research field derived from the combination of traditional supply chain and service industry. The
emergency capability of the elderly care services supply chain that this research focuses on is a
subsystem of the combination of the elderly services and supply-chain theories. The current research
on the emergency management of the elderly mainly emphasizes the field of emergency medical
treatment, and there is no literature analyzing the emergency capability of elderly care services from
the perspective of the supply chain. This research can further improve the emergency management
theory of elderly care services, broaden the scope of research in the field of service supply chains, and
have great supplementary significance to the theory of elderly care services in emergencies. In terms
of research methods, the integrated DEMATEL-ISM-TOPSIS method combines the main advantages
of DEMATEL, ISM, and TOPSIS. It is a hybrid and diversified decision-making evaluation method
and an innovative research methodology.

The trend of global aging is becoming more and more obvious. The aging of the Chinese
population is accelerating. On average, one out of every four elderly people is in China. The market
scale of China’s elderly care service industry is growing rapidly. The elderly care service system
does not simply provide elderly care services but also includes a multi-faceted organic system, such
as service design, service supply, quality supervision, and customer service. The elderly, the object
of elderly care services, are characterized by many sudden diseases and diverse needs for their care.
The diversity and personalization of health care services for the elderly are of paramount importance.
The requirements for elderly care service products are more complex than other types of services and
products, leading to higher demand fluctuations. Research showed that 71.3% of the respondents have
low emergency response capability when emergencies occur in elderly care institutions. Analyzing
and researching the emergency capability of elderly care services will help to find the weak links
and take targeted measures for prevention. A forward-looking study on the emergency capability of
the elderly care services supply chain is conducive to building an emergency management system
for elderly care services and guaranteeing the ultimate rights and interests of the elderly are upheld.
It can provide a theoretical reference and basis for elderly care SIs and participating companies to
improve their supply chain capability and ensure the stability of the elderly care services supply
chain. Moreover, it has a guiding role for the government and elderly care service agencies to build
an emergency system and evaluation mechanism for such services.
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8 CONCLUSION

Although the concept of the services supply chain has gradually emerged and been used to analyze
various service industries, the existing literature rarely analyzes the elderly services industry from
the perspective of the supply chain. This paper first proposes to build an evaluation indicator model
of the emergency capability of the elderly services supply chain from the perspective of the SCOR
model. Based on the advantages of the DEMATEL and ISM models, the existing literature often adopts
the integrated DEMATEL-ISM method for research. This study proposes an integrated DEMATEL-
ISM-TOPSIS method, which synthesizes the main advantages of the three methods. The degree of
centrality that reflects the importance and effect of factors in the emergency capability of the elderly
services supply chain was calculated, as well as the degree of causality, which reflects the influence
of evaluated factors on other factors, according to the empirical analysis based on the data of elderly
care institutions in the Pearl River Delta of China. Through this method, the degree of influence of
key factors and the causal relationship between them are clarified to determine which are the most
important, which are surface-level factors, and which are deep-seated. The quadrant distribution
diagram of each factor was drawn with the degrees of centrality and causality degree of each factor
as the coordinates. The factors in emergency capability were divided into four quadrants: the key,
resultant, conventional, and influencing factors. This paper analyzes and identifies the factors in the
emergency capability of elderly services from the perspective of the supply chain, which is beneficial to
identify the weak links in emergency capability to take targeted and preventive measures. The research
can also provide scientific guidance for the supply chain and emergency management of elderly
services to improve their emergency and management capability. According to the evaluation index
model of the emergency capability of the elderly services supply chain, the emergency capabilities
of three elderly services institutions were evaluated, which showed that the evaluation index model
and the DEMATEL-ISM-TOPSIS method are scientific and applicable. The emergency response
capability of the elderly services supply chain will need to be tested in practice over a long period. In
the future, more detailed discussion and research can be conducted based on the feedback of actual
operation and management, such as discussing the components of emergency response capability in
more detail and studying the emergency response mechanism of elderly services.
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