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Abstract
A globally aging population results in the long-term care of people with chronic illnesses,
affecting the living quality of the elderly. Integrating smart technology and long-term care
services will enhance andmaximize healthcare quality, while planning a smart long-term care
information strategy could satisfy the variety of care demands regarding hospitals, home-care
institutions, and communities. The evaluation of a smart long-term care information strategy
is necessary to develop smart long-term care technology. This study applies a hybrid Multi-
Criteria Decision-Making (MCDM) method, which uses the Decision-Making Trial and
Evaluation Laboratory (DEMATEL) integrated with the Analytic Network Process (ANP)
for ranking and priority of a smart long-term care information strategy. In addition, this
study considers the various resource constraints (budget, network platform cost, training
time, labor cost-saving ratio, and information transmission efficiency) into the Zero–one
Goal Programming (ZOGP) model to capture the optimal smart long-term care information
strategy portfolios. The results of this study indicate that a hybrid MCDM decision model
can provide decision-makers with the optimal service platform selection for a smart long-
term care information strategy that can maximize information service benefits and allocate
constrained resources most efficiently.
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1 Introduction

Long-term care quality is increasingly being recognized among the elderly population, which
poses significant challenges for hospitals, home-care institutions, and communities around
the world. Population aging is a global development trend; there are 703 million persons
aged at least 65 years, which is projected to increase to around 1.5 billion by 2050 (United
Nations, 2019). Thus, the world faces a critical aging population problem, including dis-
ease control, healthcare support, social insurance legislation, and social welfare resources.
Preparing for the economic and social issues associated with an aging population is essential
to ensure the implementation of sustainable national development policies (Kazawa et al.,
2018). Simultaneously, combining a long-term care system for the elderly with smart tech-
nology can improve elderly well-being andmake their living environments safe, comfortable,
and sustainable.

Management of a smart long-term care information strategy (SLTCIS) has become a cru-
cial topic in academia and the smart healthcare industry. A long-term care policy plays a large
role in innovative strategy development processes, as it is one of the most important decision
factors regarding care resource utilization (Xu and Intrator, 2019). Long-term care policy
reforms should simultaneously consider social and economic drivers, as well as customized
patient-oriented services (Maarse and Jeurissen, 2016). In Taiwan, the Ten-year Long-Term
Care Plan 2.0 was introduced in 2017, which provides residential care and diversified care
services for connecting healthcare with long-term care services. The plan reduces the cost of
care and family caregiver pressures to achieve safe and healthy living for the aged.With regard
to reducing the caregivers’ burdens of daily needs, this plan effectively utilizes smart health-
care technology to improve the quality and efficiency of long-term care. The main benefits of
smart technology can provide care information sharing between hospitals, home-care institu-
tions, and communities. In the healthcare issues regarding smart technology, Torkayesh et al.
(2021) proposed a multi-criteria evaluation model based on Type-2 neutrosophic numbers
(T2NNs). Their model can identify the contributing factors and understand the adoption of
the Internet of Things (IoT) and blockchain in smart medical waste management systems in
Turkey. Manikandan et al. (2020) mentioned that combining a smart healthcare information
system and the IoT would minimize doctors’ response times. Baskar et al. (2020) presented a
framework for the operation of wearable healthcare devices as one of the smart applications.

While it is clear that integrating smart long-term care information technology is a signif-
icant driver to accomplishing a sustainable long-term paradigm, many uncertain factors still
exist, influencing smart long-term care development and application. Therefore, this study
addresses the following main research questions and targets:( i) Which evaluation perspec-
tives and criteria affect the decisions of a smart long-term care information strategy? (ii) Is
there an interrelationship between perspective and criteria, respectively? (iii) How can one
achieve the weight rankings of a smart long-term care information strategy? (iv) What are
the optimal SLTCIS portfolios under constrained resource requirements?

In order to solve these questions and achieve targets, this study proposes a hybrid multi-
criteria decision-making model for the optimal portfolio selection of a smart long-term care
information strategy with a case study to enhance smart long-term care policy development.
This study applies the multi-criteria dimension as a tool for supporting decision-makers in
integrating value information to seek definite and feasible alternatives and provide better
decision results (Deveci et al., 2021; Simic et al., 2022; Torkayesh & Deveci, 2021). It
simultaneously utilizes empirical research through the case study to verify the reliability and
accuracy of the decisionmodel, and thus, further increases the quality of decision information
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(Deveci & Torkayesh, 2021; Simic et al., 2021). Dwivedi et al. (2022) mentioned that cost
efficacy is a significant challenge and requires appropriate evaluation, including the cost of
development, installation, and usage of smart technology. Therefore, the SLTCIS portfolio
should incorporate resource requirements into its decision processes to promote decision
information quality.

Multi-criteria decision-making (MCDM) tools are generally applied in solving an optimal
decision problemwith various alternatives having complex evaluation criteria. Many popular
MCDM techniques are applied to deal with solving the best results in diverse evaluation
perspectives and criteria, such as the Analytic Hierarchy Process (AHP) (Wind and Saaty,
1980), Analytic Network Process (ANP) (Saaty, 2001), Technique for Order Preference
by Similarity to Ideal Solution (TOPSIS) (Hwang & Yoon, 1981), Technique for Order of
Preference using Pattern mining based on Risk Aversion (TOPPRA) (Golpîra, 2018), and
Vlsekriterijumska Optimizacija Kompromisno Resenje (VIKOR) method (Opricovic, 1998).
Integrating the hybrid MCDM method is crucial as it depends on the specifications and
characteristics of the decision problem. Further, MCDM is a branch of operational research
that analyzes and formulates the optimal results in emerging research issues, such as smart
long-term care information strategy evaluation.

The decision model structure developed in this study is a network hierarchy that measures
smart long-term care information strategy, which contains complex interdependence among
evaluation indicators. For this purpose, the Analytic Network Process (ANP) technique is
applied, which can provide a systematic assessment for capturing dependencies among the
decision hierarchy model. However, the interrelationships identification of evaluation per-
spectives and criteria in the ANP method needs rigorous and objective procedures. This
deficiency is assisted by integrating the DEMATEL method that can extract the mutual rela-
tionships and strength of interdependencies among criteria. In order to satisfy real-world
situations implementing smart long-term care information strategies not only a single option
but make portfolio decisions will be more practical. This study employed zero–one goal
programming (ZOGP) to handle multiple objectives (restricted resources and alternatives
importance) decision problems and satisfy the objectives of smart long-term care informa-
tion strategy portfolio development.

This study formulated three steps to integrate the DEMATEL method and ANP. It
considered the various resource constraints in the ZOGP model to capture the optimal
smart long-term care information strategy portfolios. DEMATEL is an especially pow-
erful methodology that provides information about the cause-effect relationship between
different perspectives (healthcare governance, smart innovation service, sustainable finan-
cial development, and resource optimization integration) and criteria and classifies the degree
of importance of the different evaluation factors. Subsequently, depending on the relation-
ship between the perspectives and criteria, the weights of smart long-term care information
strategy alternatives can be obtained using the ANP method. The model offers government
decision-makers an effective analysis of the hierarchy framework. However, responding to
real-world situations and knowing how to satisfy the required resource demands are complex
practical problems. In this study, various resource constraints (budget, network platform cost,
training time, labor cost-saving ratio, and information transmission efficiency), as well as
ANP alternative weights, were taken into consideration. In order to verify model reliability
and the accuracy of decisions, the ZOGP model was employed to solve the multi-objective
decision-making problems. This study aims to accelerate SLTCIS portfolio implementation
by establishing evaluation perspectives and criteria for a smart long-term care information
platform and providing a straightforward hybrid decisionmodel for government and business
practitioners.
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The contributions of this study are presented from three different viewpoints, as follows:

(i) From a policy perspective, this optimal portfolio is consistent with the government’s
long-term care policy toward smart technology integration. Thus, it can effectively
evaluate the smart long-term care information service network platform to assist the
elderly by achieving satisfaction with aging care and reducing the burden of care for
families.

(ii) From an academic perspective, this study established a hybrid multi-criteria decision-
making model which combines the advantages of DEMATEL, ANP, and ZOGP to
capture the optimal smart long-term care information strategy portfolios. Simultane-
ously, the key evaluation perspectives and criteria that influence the SLTCIS decisions
were identified, and a case study was utilized to offer decision model verification under
constrained resource requirements.

(iii) From the perspective of practical long-term care, this study proposes the SLTCIS
decision model to achieve the maximum benefits of each role in the long-term
care environment (hospitals, home-care institutions, and communities). This study
simultaneously promotes cooperation between hospitals, home-care institutions, and
communities to improve the quality of long-term care and effectively allocated human
healthcare resources to improve long-term care management.

2 Literature review

A smart long-term care policy emphasizes information integration and evaluation of the
information strategies deployed by the smart long-term care environment. Based on the
literature review, the three main theoretical dimensions of a smart long-term care information
system can be categorized as follows:

2.1 Smart long-term care policy

According to the definition by the World Health Organization in 2000, long-term care is
aimed at preserving the highest quality of life for people who do not have the full ability
to take care of themselves by providing them with informal caregivers and professionals.
Government policy support (i.e., imposing strong regulations) is necessary to achieve this
target as it plays an important role in the healthcare industry (Kwon and Jung, 2018). Taiwan
started transitioning into an aging society in 1993, with an overall population structure rapidly
aging and the number of long-term care needs starting to increase. In order to develop a
comprehensive long-term care policy, the government promoted a series of reforms between
1998 and 2016. The recent “Ten-Year Long-term Care Plan 2.0” (LTC 2.0) aims to establish
a community-based care model to reduce the pressure on family members and the burden
on the capacity of long-term healthcare resources and enhance the quality of life of care
receivers and caregivers.

At present, information systems play an important role in long-term care policy by promot-
ing quality and efficient long-term care (Kuo et al., 2016; Qiana et al., 2019). The government
has established information systems to support the Smart long-term care policy and promote
healthcare quality. The digital learning platform services of long-term care professionals
can provide online learning, as well as proof-of-learning hours. As healthcare workers can
use the medical affairs service system, caregivers and long-term care institutions can use
the care service management information platform to execute care plans. When people need
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long-term care services, the long-term care geographic information system (LTC-GIS) can
display the location of healthcare resources (Ministry of Health and Welfare, 2016).

2.2 Smart long-term care information strategy

Smart healthcare uses a new generation of information technologies, such as the Internet
of Things (loT), big data, cloud computing, and artificial intelligence, to reform the tradi-
tional healthcare system and make it more efficient, convenient, and personalized (Tian et al.,
2019). IoT-based emergency logistics have increasing global concern due to the problems
of natural disasters, epidemics, and an aging population. Golpîra et al. (2021) mentioned
that emergency logistics developments face many challenges, including various uncertain-
ties, complex communication and coordination, and insufficient resources.More importantly,
IoT-based emergency logistics operations require cooperation between local or national pub-
lic sectors (police forces and ambulance service) and healthcare or medical institutions.
IoT-based emergency logistics can assist long-term care resource integration to improve its
capabilities and address the information gap among hospitals, home-care institutions, and
communities. Qiana et al. (2019) indicated that—with the growing requirements for aged care
services, coupled with the global shortage of skilled nursing staff—information technology
is expected to reduce this challenge by streamlining nursing work while improving health-
care quality. Chang et al. (2015) mentioned that the long-term care information system was
designed to support nurses in nursing care, rehabilitation therapy, and drug management.
It can also provide patients with comprehensive care with limited human resources. Papa
et al. (2020) provided insights into how Smart wearable devices can influence the health and
well-being of the elderly.

The enormous heterogeneity of complex data accumulated from IoT-based emergency
logistics must be stored and analyzed appropriately to ensure accuracy and reliability in
decision planning. The Smart long-term care information strategy service network platform
focuses onoptimizingportfolios that employ IoT-based interconnected environments to create
effective care service connections between hospitals, home-care institutions, and communi-
ties to improve patient care. This study examined the technological maturity and popularity
of the smart long-term care information strategy, which are described as follows:

• Shared decision making strategy (SDM)

Shared decision-making is a process where doctors and patients cooperate in selecting a ther-
apy option based on clinical evidence and the patient’s preference (Härter, Moumjid, Cornuz,
Elwyn, and van der Weijden, 2017). Robertson et al. (2018) indicated that a shared decision
making strategy in pediatric oncology clinical trials could provide detailed information and
sufficient time for patients to make decisions. This strategy will also establish a better doctor-
patient relationship, where patients can understand the disease and therapy options and make
medical decisions with the doctor, which upgrades the quality of healthcare, provides service
satisfaction and meets the security needs of the patient.

• Smart community health care strategy (SCHC)

Citrin et al. (2018) indicated that a community healthcare system could effectively inte-
grate the patients’ care-center services while maintaining their privacy and dignity. Globally,
community-based care service has increasingly become a core component of the health-
care system (Ballard & Schwarz, 2019). From the patient’s perspective, implementing an
aging policy can reduce the healthcare burden on the family. The Smart Community Health
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Care Strategy establishes a community-based long-term care service system that provides an
integrated, flexible, and convenient care service to satisfy the demands of its users.

• Smart home care strategy (SHC)

Menghi, Papetti, and Germani (2019) indicated a need to significantly reduce the hospitaliza-
tion of patients and increasingly shift the care and monitoring phases to the patients’ homes.
Hung and Lin (2020) proposed a Smart home-care system that can conduct real-time patient
information and support professional medical advice and response measures to reduce care
costs and promote healthcare service. Through the Smart Home Care strategy, caregivers can
conduct home visits at regular times and, through their tablets, transmit the relevant disposal
records and physiological measurement data of the care receivers to home-care institutions,
which assists managers in controlling each case. In addition, when an emergency occurs,
care receivers can employ Smart devices, such as wearable devices, to send messages and
receive help immediately.

• Cloud medical record information strategy (CMR)

Globally, many resources are invested in electronic medical records to promote the efficiency
and quality of healthcare (Bolgva, Zvartau, Kovalchuk, Balakhontceva, and Metsker, 2017).
Doctors can instantly inquire about a patient’s medication profile using the Cloud Medi-
cal Record Information Strategy and avoid duplicating medication and wasting resources to
improve medication safety and quality. Using this information strategy, community pharma-
cies can send drugs to chronic patients according to their prescriptions.

• Health care service management strategy (HCSM)

Zhao, Liu, Qi, Lou, Zhang, and Ma (2020) indicated that a public health information man-
agement system has several functions, including health record management, child health, the
health of the elderly, health events, health supervision, and management information. The
effective management of health records by the healthcare management system has led to its
increasing importance (Amoon, Altameem, and Altameem, 2020). Further, using the Health
Care Service Management Strategy, caregivers can effectively follow up on case situations
and execute care projects, supervise them, link to institutions or localized services, improve
care quality, implement case management, manage long-term care institutions, and integrate
the diversified requirements of care services.

• Home-care human resource management strategy (HCHRM)

Löffler, Goldgruber, and Hartinger (2018) indicated that quality management and human
resourcemanagement are critical factors in the care of elderly people. Even though healthcare
is one of the fastest-growing industries in the world, it still faces serious shortages in the
availability and retention of human resources (Moses and Sharma, 2020). Using the Home
Care Human Resource Management Strategy, patients can easily search for care resources
near their homes and ensure the quality of their care. Moreover, education and training for
caregivers can be conducted through this strategy, and online learning and proof of learning
hours can be provided to enhance the quality of caregivers.

2.3 Evaluation criteria of a smart long-term care information strategy

With respect to the sustainable development of a Smart long-term care information policy,
deriving the selection perspectives and criteria consider the management control and busi-
ness practices necessary for applying the information strategy in a Smart long-term care
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service platform environment. An integrated hierarchy framework integrates the evaluated
perspectives and criteria identified in a literature review. It is designed to incorporate health-
care care governance, Smart innovation services, sustainable financial development, and the
optimization and integration of resources, respectively, with regard to the Smart long-term
care information strategy portfolios.

• Health Care Governance

Healthcare governance refers to various related functions performed by decision-makers to
achieve health policy objectives. More importantly, adopting a healthcare governance mech-
anism in a smart long-term care information strategy can achieve long-term value promotion
and accountability through interactions between healthcare and social concerns and achieve
privacy protection to accomplish the governance goal. To support the Smart long-term care
information strategy, Regulatory Compliance (RC) can align its goals with the government’s
Smart healthcare policy. Then, through the interaction between Health with Social care Inte-
gration (HSI) and privacy protection (PP), it can upgrade the quality of life for the elderly
to achieve healthcare governance. In addition, the government should ensures that there is a
strong regulatory framework, in which caregivers are trained, and that there is cooperation
and integration among various departments (World Health Organization, 2017). Moreover,
the critical factors of a healthcare policy are its laws and regulations, which help to for-
malize and create a sustainable basis for the planning process (World Health Organization,
2016). Mulhern et al. (2019) indicated that the interaction between health and social care is
essential for providing longevity and quality of life. Toms et al. (2019) mentioned that social
care digital technologies have become the means used for the social care and support of
the elderly. Furthermore, the protection of personal data contributes to the development of a
Smart healthcare policy. Alraja et al. (2021) mentioned that privacy risks might occur during
healthcare information sharing; therefore, privacy protection is one of the critical problems
under IoT-based applications.

• Smart Innovation Service

A Smart innovation service combines technology and innovative service ideas to support a
Smart long-term care policy, promote precision medical resources, and apply smart technol-
ogy to deliver accurate information to improve the quality of doctor-patient relationships.
In addition, integrating various resources among the hospitals, communities, and home care
institutions will benefit the long-term care process through value-added factors. By devel-
oping a Smart long-term care information strategy and maximizing the Precision Medicine
Value (PMV), including the implementation of wearable devices and artificial intelligence,
patients can obtain relevant information, improve their service satisfaction, and improve the
Doctor-Patient Relationship (DPR). Moreover, through the Vertical Integration (VI) services
of a hospital, community, and home, healthcare quality is improved, and healthcare resources
are saved. Precision medicine refers to tailor-made medical treatment for each patient’s indi-
vidual needs. Denicolai and Previtali (2020) indicated that precision medicine utilizing smart
technology will reduce the waste of resources and gather medical information to predict and
control the occurrence of disease. Experts support precision medicine because it includes
the ability to promote treatment decisions and provide prognostic information (Vetsch et al.,
2019). Liang et al. (2017) showed that a patient-accessible health information system pro-
motes the patients’ perception of service fairness, improves the doctor-patient relationships,
and increases patient satisfaction. Grünloh et al. (2018) advocated patient participation as a
means of improving patient safety, which is seen as a key component in redesigning health-
care. Lopes et al. (2018) indicated that vertical integration in providing all types of care can
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take advantage of the existing resources. In order to promote healthcare resource allocation,
service resources must be integrated and reinforced to meet the needs of an aging society.

• Sustainable Financial Development

Sustainable financial development is a critical factor in long-term care. Smart long-term care
information strategy planning will increase financial needs, in which sustainable financial
resources are one of the significant challenges. Sustainable financial development refers to the
capacity of maintaining resources for continuous operations and to react to long-term care
environment changes. Sustainable financial development is a major concern of the smart
long-term care information strategy planning process. This knowledge highlights the dimen-
sion of government support, the smart long-term care industry connection, and cost control.
In order to advance the Smart long-term care information strategy, Government Subsidies
(GSs) provide the financial resources for care institutions and combine the three value chains
of care services, medical services, and long-term care services to promote the Long-term
Service Value (LSV) of the care industry. In addition, Effective Cost Control (ECC) can
support long-term and sustainable care development, including the initial costs, maintenance
costs, and the support and enhancement of system-related long-term costs. The “Regulations
for Long-term Care Service Development Awards” clearly stipulate various awards and sub-
sidies. The central governing authority provides award objects and events for long-term care
service institutions, providing financial resources for long-term care services. Teymourifar
et al. (2021) indicated that subsidy mechanisms contribute to improving the performance of
healthcare systems. Accordingly, smart long-term care information strategy implementation
needs suitable subsidy policies to support its development. The 2019 PwC report mentioned
that a healthcare system infrastructure should be designed to provide effective health services,
where the industry value chain of the long-term care industry extends from health promotion
to rehabilitation services and from daily needs to care services. The three value chains—life
care services, medical services, and long-term care services—are closely related and unique.
Moreover, system visibility enables quality and safe care that is transparent and account-
able and delivers value to patients (Snowdon and Tallarigo, 2018). However, acquiring an
information system application can require an enormous investment for healthcare organi-
zations. Besides the initial costs, a host of long-term costs are associated with maintaining,
supporting, and enhancing the system’s operation (Wager et al., 2017).

• Resource Optimization Integration

Resource optimization and integration maximize the benefits of long-term care services. The
smart long-term care service platform includes the various information strategies of associ-
ated long-term care environments and applications to offer high-quality and more long-term
care services. More importantly, long-term care population planning is contributing to the
development of the smart long-term care industry, as well as reasonable resource allocation
and process optimization,which are helping achieve long-term service platformperformance.
The evaluation of a Smart long-term care information strategy includes whether it has an
Adequate Service Capacity (ASC), can popularize long-term care services, trains caregivers,
and employs mediation. In addition, through Healthcare Process Optimization (HPO), the
resources are allocated optimally to improvework efficiency. Finally, it combines home, com-
munity, and care institutions and integrates medical, pharmaceutical, and assistive devices to
achieve effective Healthcare Resource Utilization (HRU) and provide good care for patients.
Ker et al. (2018) indicated that using a healthcare information system offers the possibility
of reducing the patient-flow delays of outpatients—and those related to inpatient flow—to
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promote healthcare quality. The government also approved the plan to improve the long-term
care service capacity in 2015, thereby accelerating the establishment and popularization of
long-term care services and human resources, strengthening the efficiency of long-term care
services, enhancing their effectiveness and quality, and expanding the service targets. Infor-
mation technology can support nurses and caregivers to provide better quality care to care
receivers and to improve their own work processes (Qiana et al., 2019). Abdalkareem et al.
(2021) mentioned that enhancing, planning, and scheduling the procedures for healthcare
resources play a vital role in improving the healthcare benefits and service quality delivered
to patients. Schipper et al. (2015) indicated that the optimal utilization of resources is an
important reason for reducing the administrative burden of care institutions. The summary
of this research is presented in Table 1, and the research framework is depicted in Fig. 1.

3 Researchmethodology

This study constructed an MCDM model combined with the DEMATEL, ANP, and ZOGP
models. This section demonstrates the process of the evaluation model.

3.1 Decision-making trial and evaluation laboratory

DEMATEL originated in the Geneva Research Centre of the Battelle Memorial Institute
(Gabus & Fontela, 1972, 1973). It aims to construct a relationship between the causes and
effects of various criteria. Based on a literature review, this study constructed the evaluation
criteria for a Smart long-term care information strategy. It includes Regulatory Compliance
(RC), Health and Social Care Integration (HSI), Privacy Protection (PP), Precision Medicine
Value (PMV), Improved Doctor-Patient Relationship (DPR), Vertical Integration Services
(VIS), Government Subsidy (GS), Promote Long-term care Industry Service Value (LSV),
Effective Cost Control (ECC), Adequate Service Capacity (ASC), Health Care Process Opti-
mization (HPO), andHealthCareResourceUtilization (HPU). Themajor steps ofDEMATEL
are as follows (Arabsheibani et al., 2016; Li et al., 2014; Lin, 2013; Rad et al., 2018):

Step 1: Construct and calculate the average direct-relation matrix
To compare the degree of the relative importance of perspectives and criteria, a scale is
established. The level of scale measurement consists of no influence (0), low influence (1),
medium influence (2), high influence (3), and extreme influence (4). Then, a group of experts
identifies the level of direct influence between two perspectives and criteria elements to
establish pair-wise comparisons and form the mathematical matrix. Assuming the factors
contain several criteria,S � {S1, S2 · · · SN}, experts propose the level of direct influence
between each criterion and derive an average matrix,H, where eij denotes the level criterion
Si exerts on criterion S j , in which all major diagonal criteria are equal to zero. The average
matrix H is shown as follows:

H �

S1 S2 · · · SN
S1
S2
...
SN

⎡
⎢⎢⎢⎣

0 e12 · · · e1N
e21 0 · · · e2N
...

...
. . .

...
eN1 eN2 · · · 0

⎤
⎥⎥⎥⎦

Step 2: Calculate the normalized direct-relation matrix and total-relationship matrix.
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Table 1 Research summary of perspective and criteria on SLTCIS

Evaluation factors Research relationship Research studies

Health Care Governance
Regulatory Compliance
Health and Social Care Integra-
tion

Privacy Protection

Healthcare governance must have
complete regulation compliance
monitoring processes and deploy
the integration of health and
social care policies to promote
quality of life for the elderly.
More importantly, privacy
protection is critical for sharing
healthcare data with smart devices

World Health Organization
(2016, 2017); Mulhern et al.
(2019); Toms et al. (2019);
Alraja et al. (2021)

Smart Innovation Service
Precision Medicine Value
Improve Doctor-Patient Rela-
tionship

Vertical Integration Service

A Smart long-term care information
strategy provides innovative
services for improving
doctor-patient relationships while
simultaneously promoting the
vertical integration of the
hospital, community, and home.
In particular, smart technology
reduces the waste of resources
and gathers medical information
to predict and control the
occurrence of disease

Liang et al. (2017); Grünloh
et al. (2018); Lopes et al.
(2018); Vetsch et al. (2019);
Denicolai and Previtali (2020)

Sustainable Financial Develop-
ment

Government Subsidy
Industry Service Value
Effective Cost Control

As government subsidies provide
the financial resources for care
institutions, they combine the
three value chains of care
services, medical services, and
long-term care services to achieve
the value of care industry
services. Effective management
of initial costs, maintenance costs,
support, and enhancement of
system-related long-term costs
can all support long-term care
sustainable development

Kim et al. (2013); Wager et al.
(2017); Snowdon and
Tallarigo (2018); PwC (2019);
Teymourifar et al. (2021)

Resource Optimization Integra-
tion

Adequate Service Capacity
Health Care Process Optimiza-
tion

Health Care Resource
Utilization

Provide long-term care service
popularization, training of
caregivers, and employment
mediation, while developing a
long-term service industry.
Through process optimization,
resources are optimally allocated
to improve work efficiency,
incorporate home, community,
and care institutions, and integrate
medical, pharmaceutical, and
assistive devices to provide good
care to patients

Schipper et al. (2015); Ker et al.
(2018);

Qiana et al. (2019);
Abdalkareem et al. (2021)
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Fig. 1 Research framework

A normalized direct-relation matrix U can be acquired by multiplying matrix H and s, as
in Eqs. (1) and (2)

U � k × H , k > 0 (1)

k � Min

⎛
⎝1/

max1≤i≤n

n∑
j�1

∣∣eij
∣∣, 1/max1≤j≤n

n∑
i�1

∣∣eij
∣∣
⎞
⎠, ij ∈ {1, 2, 3, . . . , n} (2)

and continuously decreasing the indirect effects of problems along the powers of U, such as
U2,U3, · · · ,Uk and lim

k→∞Uk � [0]n×n, where Uk � [
uij

]
n×n, 0 ≤ uij < 1.
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Then, a total-relationship matrix T can be derived through Eq. (3), where I denotes an
n × n identity matrix

T � U + U2 + U3 + . . . + Uk � U
(
I + U + U2 + . . . + Uk−1) [

(I − U) (I − U)−1]

� U
(
I − Uk) (I − U)−1

Then,

T � U(I − U)−1,when lim
k→∞Uk � [0]n×n Uk � [

uij
]
n×n (3)

Step 3: Find the cause and effect groups and set the threshold values to obtain the impact-
relation map.

Calculate the sums of rows D and columns R of the total- relationship matrix T. Vectors
D and R can be calculated as shown in Eqs. (4) to (6):

T � [
tij

]
n×n, i, j ∈ {1, 2, 3, . . . , n} (4)

D �
n∑

j�1

tij (5)

R �
n∑

i�1

tij (6)

where D is the sum of the rows in matrix T, the value of D indicates the total effects, both
direct and indirect, that criterion i exerts on the other criteria; and R is the sum of columns in
matrix T, presenting the total effects, both direct and indirect, that criterion i receives from
the other criteria. Concurrently, the values of D-R and D + R are obtained. Some criteria,
called the cause group, have a positive D-R value, indicating that criterion i affects the other
criteria; conversely, if the D-R value is negative, criterion i is influenced by the other criteria;
this is called the effect group. Moreover, the value of D + R indicates an index of intensity
of the influences delivered and received and presents the relationships among criteria. The
threshold value is computed in order to construct the impact-relation map. The threshold
value p is calculated by taking the average or discussing all the factors in the total relation
matrix with the experts. The overall value in matrix H reflects how one factor influences other
factors; hence, the threshold value assists in filtering out the critical and insignificant factors
affecting the relationships. The impact-relation map is obtained by drawing the values of (D
+ R, D-R), where the horizontal axis is D + R and D-R is set as the vertical axis, to visualize
the complex interrelationships and provide information by which to judge the most important
criteria and the influence of the relationships among criteria.

3.2 Analytical network process

The Analytical Hierarchy Process (AHP) is a strong and flexible multi-criteria decision
analysis tool (Wind and Saaty, 1980), focusing on dominant matrices and their corresponding
measurements and using a unidirectional hierarchical relationship among the decision levels
as a framework. ANP is a more general form of AHP introduced by Saaty in 2001. It permits
complicated interrelationships between the decision levels and attributes (Rad et al., 2018).
This study describes six SLTCISs, including the shared decision making strategy (SDM),
the smart community health care strategy (SCHC), the smart home care strategy (SHC),
the cloud medical record information strategy (CMR), the health care service management
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strategy (HCSM), and the home care human resource management strategy (HCHRM). The
ANPmethod can calculate the relativeweight of each strategy and derive the interdependence
of each criterion and strategy, as well as the priority weights. The major steps of ANP are as
follows (Lin et al., 2008):

Step 1: Define the policy issues and establish the policy-making members
To determine the scope of the discussions, all influential factors of the policy issue should

be considered based on the character of the issue.A group of decision-makers should be estab-
lished to integrate experts’ suggestions in the corresponding domain according to the degree
of complication and the different fields and to categorize the corresponding information to
determine the critical issues affecting the decisions.

Step 2: Issuing a questionnaire and integrating expert preferences
In the expert questionnaire, the experts give each element a weight according to the

corresponding upper element to collect opinions regarding the relative importance of the
different elements. Then, the level of the expert’s preference assessment and the geometric
mean can be used to calculate the overall weights.

Step 3: Establish the comparison matrices
After synthesizing the judgments and opinions of various experts, a comparison matrix

of multiple evaluation criteria and options can be constructed. The ANP method uses a
measurement scale of 1–9; basedon this scale, the relativeweights are obtained. Subsequently,
the interdependence and relative importance of each evaluation criterion can be computed.

Step 4: Analyze consistency
In the ANPmethod, the decision-makers or experts whomake judgments or have opinions

must perform a consistency test according to the Consistency Ratios (CR) of the comparison
matrices, which are determined as follows:

C.R. � C.I./R.I. (7)

where C.I. means the consistency index and R.I. means the random index.
Consistency indicators indicate the degree of difference between the maximum feature

value and the number of hierarchy levels, and they are used as a measure of the degree of
consistency. If C.R. � 0.1, the degree of consistency is satisfied and acceptable; however,
if C.R. > 0, it indicates conflicting judgments among the decision-makers and experts. A
Random Index is based on the number of levels in the comparison matrix: that is, the number
of comparative elements.

Step 5: Calculate the supermatrix
Collectively, the corresponding priorities of evaluation strategies form the unweighted and

weighted super-matrix and limiting powers until the weights converge to stabilize the limited
super-matrix. Hence, higher priority weighting evaluation alternatives (Smart long-term care
information strategy) indicate that the evaluation strategies with the greatest priority will be
selected.

3.3 Zero–one goal programming

The ZOGPmethod is a tool used to solveMCDMproblems and consider resource constraints
(Charnes, Cooper, and Ferguson, 1955). Tsai and Kuo (2011) adopted this method to help
policymakers evaluate and select a feasible entrepreneurship policymix under various budget
constraints. Yang et al. (2016) employed ZOGP to find the best combination of sustainable
public transport infrastructure projects under constrained resources.
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This study considers five constraints: the total budget, Smart long-term care network plat-
form cost allocation, training time, the labor cost-saving ratio, and information transmission
efficiency. The ZOGP model is a tool used to select multiple alternatives with the minimum
overall deviation from the goals (Kengpol et al., 2012). The ZOGP model is described as
follows.

MinimizeZ � Qk
(
w j d

+
i , w j d

−
i

)

Subject to

n∑
j�1

ai j x j + d−
i − d+

i � Bi f ori � 1, 2, . . . ,mj � 1, 2, . . . , n

x j + d−
i � 1 f ori � m + 1,m + 2, · · · ,m + n, j � 1, 2, · · · , n

d+
i ≥ 0, d−

i ≥ 0 f or∀i

x j � 0or1 f or∀ j

where Z is the sum of the deviation from m targets; n is the policy pool to choose the best set
from; Qk indicates a preemptive priority (Q1 	Q2 	Q3 			 Qk) for targets; d

−
i and d+i are

the negative or positive deviation variables, respectively, for the choice criterion (resource)
i; wj is the ANP weight on the jth policies; aij is the policies parameter j of choice resourcei;
bi indicates the available resources considered in the choice decision; and xj denotes the
binary variable. According to the defined alternatives and criteria introduced in this study, it
is important to demonstrate the feasibility of theMCDMmodel. This study aims to establish a
Smart long-term care information strategy decision model for evaluating the optimal SLTCIS
portfolios, which effectively satisfies multiple resource requirements. The research flow is
shown in Fig. 2.

4 Case study

4.1 Case study background

This study presents the following situation as an example:
The government decision-maker plans to implement Smart long-term information strate-

gies to promote healthcare quality. Taiwan’s government has made a series of reforms to the
long-term care policy, including the combination of long-term care service and information
technology, and has developed smart long-term care information strategies (SLTCISs) to pro-
mote the quality of long-term care. The decision-makers’ plan is to establish a service network
platform that includes several SLTCISs to be utilized between long-term care environments,
namely, hospitals, home-care institutions, and communities. Six SLTCIS alternativesmeet the
requirements of the long-term care industry. However, due to limited government resources,
all alternatives—including the total budget, cost allocation for a long-term care smart network
platform, training times, labor cost-saving ratio, and information transmission efficiency—-
cannot be implemented. To solve this decision-making problem, the MCDM model must
first be applied to obtain the priority of each alternative. Then, the ZOGP method should
be utilized to obtain the optimal Smart long-term care information strategy portfolio with
limited resources. The analysis steps are described as follows:
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Decision Goal

Pairwise comparison and relative weight 
estimation
Super-matrix formation and alternatives
priority calculation and ranking

Design the resource requirement referred 
from expert interview and business 
information 
Consideration of ANP weights and 
resource requirement 
Satisfy multi-objective resources and 
obtain optimal SLTCIS portfolios

Step 1
(DEMATEL) 

Identify 
Relationship

Step 2
(ANP)

Alternatives 
weight

Step 3
(ZOGP)

Optimal SLTCIS
portfolios

Smart long-term care information service network 
platform establishment

Calculate the direct-relation
Determine the influence among the 
perspective and criteria by threshold value

Fig. 2 A flow chart of the integrated methodology for a Smart long-term care information service network
platform

Step 1: Apply DEMATEL to evaluate the relationship between the perspectives and criteria.
DEMATEL was employed to explore the relevance of each perspective and criterion. At the
same time, the experts’ feedback was utilized to determine the direction of influence. This
study used a total of six experts, including doctors, home-care institutions supervisors, and
caregivers, and their average seniority was 9.2 years, as shown in Table 2. The DEMATEL
questionnaire was issued between July and August 2019.

Using the DEMATELmethod (Eqs. (1)–(6)), the criteria scale and pair-wise comparisons
from the expert panel determine the intensity of the influence direction for each criterion
in order to acquire the total relationship matrix. Initially, the main perspective and criteria
are evaluated, and the experts provide responses to the opinions. The average matrix (H) is
conducted (the perspective and criteria value are presented in Appendix A- Tables 11, 12)
by the expert questionnaire. Furthermore, the normalized initial direct-relation matrix (U)
is formed (the perspective and criteria value are presented in Appendix A- Tables 13, 14)
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Table 2 Research experts
Department Position Seniority

Medical center Doctor 10

Medical center Doctor 15

Home care institution Respiratory Therapist 9

Home care institution Respiratory Therapist 10

Home care institution Respiratory Therapist 8

Community Caregiver 4

Table 3 The total-relationships matrix of the perspectives (p ≥ 2.363)

HCG SIS SFD ROI D D + R D−R

HCG 2.142 2.734 2.662 2.664 10.202 18.770 1.634

SIS 1.703 1.804 1.942 1.963 7.412 17.348 − 2.524

SFD 2.392 2.734 2.412 2.664 10.202 19.850 0.554

ROI 2.331 2.664 2.632 2.364 9.991 19.646 0.336

R 8.568 9.936 9.648 9.655

by Eqs. (1) and (2). Finally, the total-relationships matrix (T) is calculated (as shown in the
perspective value of Table 3 and the criteria value of Table 4, respectively) using Eq. (3).
To make the structure distinct and to present the impact-relation map, the threshold value of
2.363 for perspective and 0.726 for criterion are selected for discussion by the experts. From
the decision-makers’ point of view, Health Care Governance (HCG), Resource Optimization
Integration (ROI), and Sustainable Financial Development (SFD) are regarded as the most
influential evaluation perspectives in the decision to evaluate SLTCIS portfolio strategy in
the context of Taiwan. Simultaneously, if the value in the matrix is greater than the threshold
value, the column criterion strongly affects the row criterion. The impact-relation map helps
to understand the structure in terms of recognizing the influence of one success factor over
another andfiltering out insignificant effects (Fig. 3).Noteworthily, effective financial support
promotes smart long-term care information strategy development and implementation.

Based on Table 4 and Fig. 4, obtaining influential weights of criteria with DEMA-
TEL reveal calculation processes, Regulatory Compliance (RC), Privacy Protection (PP),
Improve Doctor-patient Relationship (DPR), Government Subsidy (GS), Effective Cost Con-
trol (ECC), Healthcare Process Optimization (HPO), and Healthcare Resource Utilization
(HRU) are considered. Privacy Protection (PP) with (D–R � 1.008) is regarded as the most
important one among the cause groups. According to the above-discussed results, decision-
makers should focus on health care governance, especially in the monitoring process, in
addition to maintaining privacy protection for the patient but enhancing the high quality and
safety of the long-term care environment.

Step 2: Priority weights of evaluation projects applied by ANP
The relationship between the perspectives and criteria, as calculated by DEMATEL, was
applied to the ANPmethod. Tomeasure the level of influence between the criteria, the experts
offered professional advice through a pair-wise comparison based on Saaty’s nine-point
scale. To determine the relative values, the scale uses 1 to 9 to indicate the influence levels,
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Fig. 4 The impact-relation map of the criteria for the SLTCIS decision

from ‘equal importance’ to ‘extreme importance’, respectively, and the entire calculation
processwas completed using the SuperDecision software. The corresponding priorities of the
perspectives and criteria establish the unweighted andweighted super-matrix and the limiting
ability until the weight converges to stabilize the limited super-matrix. The consistency
tests show that the consistency ratio (CR) is less than 0.1. Therefore, the results indicate
that for the smart long-term care information strategy, the experts gave high priority to the
Smart Community Health Care Strategy, followed by the Health Care Service Management
Strategy 	 the Smart Home Care Strategy 	 the Home Care Human Resource Management
Strategy 	 the Shared Decision Making Strategy 	 the Cloud Medical Record Information
Strategy (Table 5). These results indicate that the Smart Community Health Care Strategy
implements an aging policy and provides an integrated, flexible, and convenient care service
while reducing the family burden.

Step 3: ZOGP analysis
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Table 5 Priority weight and ranking of SLTCIS

Information strategy Weights Rank

Shared Decision Making Strategy 0.1587 4

Smart Community Health Care Strategy 0.1933 1

Smart Home Care Strategy 0.1688 3

Cloud Medical Record Information Strategy 0.1462 5

Health Care Service Management Strategy 0.1872 2

Home Care Human Resource Management Strategy 0.1458 6

This study aimed to establish an evaluation decisionmodel of the service network platform
that includes several Smart long-term care information strategies to be utilized in the long-
term care environment of hospitals, home-care institutions, and communities. Due to the
evaluation planning processes and the uncertain nature of the overall service network platform
environment, obtaining real and specific data information regarding the resource inputs is
difficult. To overcome the challenge of obtaining the actual data for the evaluation objects of
a smart long-term care information strategy, most of the deterministic data (e.g., the network
platform cost allocation and training hours) were referred from the interviewswith the experts
and business information. In fact, the long-term care problem of aging affects the utilization
of healthcare environment resources, and the government must consider resource allocation
and the limitations of maximizing the healthcare benefits in a significant Smart information
strategy plan. Five resources constraints are considered, as shown in Table 6: (1) the total
maximum budget of NT$450 million; (2) the total maximum long-term care smart network
platform cost allocation of NT$2500 million to establish it; (3) the total maximum training
time of 48 h; (4) the total maximum labor cost-saving ratio of 38%; and (5) the total maximum
information transmission efficiency of 80%.

Table 6 Resource constraints of Smart long-term care information strategy – sample data

Resources constraints Smart long-term care information strategy Goal (bi )

SDM SCHC SHC CMR HCSM HCHRM

ANP Weights 0.1587 0.1933 0.1688 0.1462 0.1872 0.1458

Total budget(million) 80 120 150 60 130 100 450

Long-term care smart
Network platform
cost allocation
(million)

320 480 600 240 620 400 2500

Training time(hours) 7 12 15 6 12 10 48

Labor cost-saving
ratio(%)

6 10 9 6.5 8 11 38

Information
transmission
efficiency(%)

20 16 26 30 24 12 80
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The developed mathematical optimization model applied the weights resulting from the
ANP and considered the resource constraints. Table 7 illustrates the ZOGPmodel formulation
and shows the ANP prioritized weights and d+

i and d−
i . The binary variables are x1(SDM),

x2(SCHC), x3(SHC), x4(CMR), x5(HCSM), and x6(HCHRM). x j � 1 presents that the j th

SLTCIS is selected, and x j � 0 presents that the j th SLTCIS is not selected. The following
model is constructed by the ZOGP method with the relevant constraints and parameters:

x1(SDM) � 1, x2(SC HC) � 1, x3(SHC) � 0, x4(C M R) � 0, x5(HC SM) � 1, x6(HC H RM) � 1

d−
1 � 20, d+

1 � 0, d−
2 � 680, d+

2 � 0, d−
3 � 7, d+

3 � 0, d−
4 � 3, d+

4

� 0, d−
5 � 8, d+

5 � 0, d−
6 � 0, d−

7 � 0, d−
8 � 1, d−

9 � 1, d−
10 � 0, d−

11 � 0

In summary, the weighting order of each smart long-term care information strategy by the
ANP method is combined with the ZOGP method to obtain an optimal smart long-term care
information strategyportfoliowith resource constraints (the total budget, long-termcare smart
network platform cost allocation, training time, labor cost-saving ratio, and information trans-
mission efficiency). The results indicate that the Shared Decision Making Strategy (SDM),
the Smart Community Health Care Strategy (SCHC), the Health Care Service Management
Strategy (HCSM), and the Home Care Human Resource Management Strategy (HCHRM)
comprise the optimal smart long-term care information strategy portfolio in a long-term care
environment. This portfolio can be applied in the long-term care environment, enabling hos-
pitals, home-care institutions, and communities to effectively use healthcare resources and
improve the quality of long-term care. From the patient’s perspective, the Shared Decision
Making Strategy helps them understand their diseases and their therapy options. It also helps
both the doctors and patients to make a common medical decision, which will improve the
efficiency of doctor-patient communication. When returning home, the community-based
long-term care service system provides an integrated, flexible, and convenient care service
thatwill reduce the family’s healthcare burden.Moreover, caregivers can execute care projects
and effectively track specific cases using the Health Care Service Management Strategy. The
system can help different caregivers understand the situation and improve healthcare, while
the human resources can be managed effectively through the Home Care Human Resource
Management Strategy, which will enable people to inquire about the care facilities near their
homes and to make appropriate allocations for the full use of their human resources.

4.2 Comparative and additional analyses

In order to identify the best evaluation methodology for a smart long-term care information
strategy portfolio decision problem, a measure attributes comparison or integration of dif-
ferent MCDM methods can be applied, as it offers a deep insight into the research topic and
future directions of potential research. MCDM tools are generally applied in solving an opti-
mal decision problem with various alternatives having complex evaluation criteria. Despite
each MCDM tool’s distinct advantages, it still has room for improvement. This lack is cov-
ered using a hybrid decision model, combining the methodology theory strength to provide
more objective research contributions. Table 8 is a summary of some of the popular decision
analysis methods indicating decision principles, strengths, andweaknesses, respectively.This
section mainly presents an additional analysis to confirm the reliability and accuracy of the
presented results. The following validation analysis is compared with the AHP and ANP
methods and integrated into the VIKOR technique application.
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Table 7 The formulae of the ZOGP model

The formula of ZOGP model Goal

Minimize Z �
Q1(d

+
1 + d+2 + d+3 + d+4 + d+5 ) Q1: Satisfy five

mandated
resource
constraints for
smart long-term
care information
strategy

Q2

(
0.1587d−

6 + 0.1933d−
7 + 0.1688d−

8 + 0.1462d−
9 + 0.1872d−

10 + 0.1458d−
11

)
Q2: Select the
highest weights
for smart
long-term care
information
strategy from
ANP results

Q3(d
+
12 + d−

12) Q3: Use targeted
1850 million
long-term care
smart network
platform cost
allocation for
smart long-term
care information
strategy selection

Subject to

80x1 + 120x2 + 150x3 + 60x4 + 130x5 + 100x6 + d−
1 − d+1 � 450 Avoid

over-utilizing the
maximum total
budget (million)

320x1 + 480x2 + 600x3 + 240x4 + 620x5 + 400x6 + d−
2 − d+2 � 2500 Avoid

over-utilizing the
maximum
long-term care
smart network
platform cost
allocation
(million)

7x1 + 12x2 + 15x3 + 6x4 + 12x5 + 10x6 + d−
3 − d+3 � 48 Avoid

over-utilizing the
maximum
training time
(hours)

6x1 + 10x2 + 9x3 + 6.5x4 + 8x5 + 11x6 + d−
4 − d+4 � 38 Avoid

over-utilizing the
maximum labor
cost-saving ratio
(%)
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Table 7 (continued)

The formula of ZOGP model Goal

20x1 + 16x2 + 26x3 + 30x4 + 24x5 + 12x6 + d−
5 − d+5 � 80 Avoid

over-utilizing the
maximum
information
transmission
efficiency (%)

x1 + d6 � 1, x2 + d7 � 1, x3 + d8 � 1, x4 + d9 � 1, x5 + d10 � 1, x6 + d11 �
1, x1 + x2 + x3 + x4 + x5 + x6 � 4

Select four smart
long-term care
information
strategies

320x1 + 480x2 + 600x3 + 240x4 + 620x5 + 400x6 + d−
12 − d+12 � 1850

x j � 0or1 f or j � 1, 2, 3, 4, 5, 6

Avoid over- or
under-expected
targeted
long-term care
smart network
platform cost
allocation

Formulation results:
x1(SDM) � 1, x2(SC HC) � 1, x3(SHC) � 0, x4(C M R) � 0, x5(HC SM) � 1, x6(HC H RM) � 1

d−
1 � 20, d+1 � 0, d−

2 � 680, d+2 � 0, d−
3 � 7, d+3 � 0, d−

4 � 3, d+4 � 0, d−
5 � 8, d+5 � 0, d−

6 �
0, d−

7 � 0, d−
8 � 1, d−

9 � 1, d−
10 � 0, d−

11 � 0

Comparative analysis

This section compares the results from AHP, which measures the critical success factors
from the independent perspective with the ANP methodology to solve the smart long-term
care information strategy decision problem. ANP considers the interrelationships among the
critical success factors, and the weights of the criteria in the AHP and ANP models are
compared in Table 9.

The finding shows that following the AHP ranking of the critical success factors for the
first third priority: Adequate ServiceCapacity (weight� 0.2006), Vertical Integration Service
(weight � 0.1581), and Health Care Resource Utilization (weight � 0.1368). In the ANP
method evaluation results, the ranking of the critical success factors is the first third priority:
Regulatory Compliance (weight � 0.1732), Industry Service Value (weight � 0.1732), and
Health Care Process Optimization (weight � 0.1264). From the point of view of the national
long-term care policy, the implementation and development of SLTCIS require regulatory
support, attention to industry service value maximization, and enhanced healthcare process
optimization.

A comparison of the results showed significant differences between AHP and ANP out-
comes derived from interdependencies and feedback. Particularly, this study utilized the
DEMTATEL method to identify the interrelationship among evaluation perspectives and
criteria. Further, to combine the advantages of the qualitative and quantitative methods, it
considers the dependency of the criterion in the analytic network and the inclusive resource
requirement constraints in the ZOGP model.
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Table 8 A summary of MCDM principles, strengths, and weaknesses

Method Strengths Weaknesses Decision principles

AHP
Wind and Saaty
(1980)

Applies hierarchy
structure inclusive
criteria and does not
require complex
mathematical

The tool cannot solve the
interdependency
between criteria

The tool is based on the
degree of importance
of ranking the key
criteria and optimal
alternatives

ANP
Saaty (2001)

Allows complex
structures of real
interconnections
among the attributes
into consideration and
provides synthetic
scores to rank the
alternatives

ANP requires more
calculations, and careful
identification of matrix
relations and pair-wise
criteria comparisons are
necessary

ANP relies on the
process of eliciting
managerial inputs, thus
allowing for structured
communication among
decision-makers

TOPPRA
Golpîra (2018)

TOPPRA takes
advantage of the
measurement scale
precisely (interval data
input) and produces
realistic and reliable
results

The Software is
unavailable, and the
evaluation process is
complicated

The procedure is based
on the U2P-Miner
algorithm in ranking
and weighing the
criteria, as well as
considering the
different values of the
decision-makers’ risk
aversion levels using
the Linear Assignment
Method (LAM)

TOPSIS
Hwang and Yoon
(1981)

The solution does not
limit the number of
decision criteria and
alternatives and
evaluates with
fundamental ranking

The correlation between
criteria is not
considered in
evaluating Euclidean
distance. In addition,
the data normalization
regarding decision data
should be considered

The method evaluates
the optimal alternative
considering the
shortest and farthest
distance from the
positive and negative
ideal solution

VIKOR
Opricovic (1998)

The method is an
updated version of
TOPSIS, and it can
maximize the benefit
of the group and
minimize the regret of
the individual to obtain
a compromise solution

Due to the evaluation
data, facing the real
conflicting scenario
becomes challenging

The method of applying
the multi-criteria
ranking priority is
based on measuring
closeness to the ideal
solution

Additional analysis

This section describes the integration of the VIKOR technique application. The VIKOR
method, developed by Opricovic (1998), identifies the compromise solution from decision
alternatives. The compromise ranking process determines the best (utility) value and the
worst (regret) value for the evaluation criteria. The utility (Si ) value, regret (Ri ) value, and
VIKOR index (Qi ) is calculated as shown in Eqs.(8) to (10):

Si �
n∑

j�1

w j
[(

a∗
i − ai j

)
/
(
a∗

i − a−
i

)]
(8)
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Table 9 Comparison of critical success factors weights in AHP and ANP

AHP Ranking Results ANP

Criteria Weights Weights Criteria

RC 0.0108 12 1 0.1732 RC

HSI 0.0345 8 7 0.0885 HSI

PP 0.0298 9 12 0.0001 PP

PMV 0.1036 5 10 0.0401 PMV

DPR 0.0815 6 9 0.0497 DPR

VI 0.1581 2 6 0.093 VI

GS 0.0271 10 8 0.0604 GS

LSV 0.0651 7 2 0.1289 LSV

ECC 0.0211 11 11 0.0001 ECC

ASC 0.2006 1 4 0.1242 ASC

HPO 0.1310 4 3 0.1264 HPO

HRU 0.1368 3 5 0.1154 HRU

Ri � Maxi
{
w j

[(
a∗

i − ai j
)
/
(
a∗

i − a−
i

)]}
(9)

Qi � v
[(

Si − S∗)/(S− − S∗)] + (1 + v)
[(

Ri − R∗)/(R− − R∗)] (10)

where:
Si represents the utility value;Ri represents the regret value;w j represents theANPweights

of SLTCISs.a∗
i and a−

i indicate the best value andworst value among the SLTCISs alternative
for each evaluation criteria; ai j indicate the value corresponding to each evaluation criterion
with respect to the SLTCISs alternative.

Qi represents the i th decision alternatives VIKOR index value, namely smart long-term
care information strategies (SLTCISs), i � 1, 2, · · · ,m.

S∗ and S− represent the maximum and minimum value of utility value, and R∗ and R−
represent the maximum and minimum value of regret value, respectively.

The decision alternatives were ranked based on the minimum values obtained in accor-
dance with satisfying two conditions:

The alternative Q1 is accepted if (Q2 – Q1)≥ 1/n − 1, where Q2 is the second rank
alternative in the analysis process and n is the number of alternatives.

The alternative Q1 is stable if it obtains the best-ranked alternative in Si and Ri scores.
A compromise solution is a feasible solution closest to the ideal solution. Incorporating

the ANP weights of evaluating criteria into the VIKOR method to extract the compromise
solution of smart long-term care information strategy. The values of Si , Ri , and Qi were
computed by selecting v� 0.5 and are shown in Table 10. The results indicated that the value
of Qi is (SDM, SCHC, SHC, CMR, HCSM, HCHRM)� (0.533, 0.296, 0.571, 0.603, 0.519,
0.572), of which the ranking is SCHC 	 HCSM	 SDM 	 SHC 	 HCHRM 	 CMR. Smart
Community Health Care Strategy was the closest to the ideal solution. The performance
variance rate was 0.296. It represented Medical Data Informational System still had some
gaps (0.296) in the goal value. Simultaneously, Smart Community Health Care Strategy
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(SCHC) satisfied both conditions, i.e., Qi (HCSM)−Qi (HCSM)≥ 1/(6−1) and Qi (HCSM)
obtained the first rank according to both the Si and Ri scores.

5 Conclusion and Policy implications

5.1 Conclusion

Long-term care quality is increasingly being recognized among the elderly population, posing
significant challenges for hospitals, home-care institutions, and communities around the
world. This study proposed a hybrid Multi-Criteria Decision-Making model for the optimal
portfolio selection of a smart long-term care information strategywith a case study to enhance
smart long-term care policy development. Based on the case study, this study draws the
following conclusions.

Evaluation perspectives and criteria that affect the decisions regarding the smart long-term
care information strategy were established through the literature review. After DEMATEL
analysis, the total-relationshipsmatrix of the perspectives and criteriawas defined. The values
of importance (D + R � 19.85) determined the Sustainable Financial Development plan.
Additionally, Health Care Governance, Sustainable Financial Development, and Resource
Optimization Integration were measured into the cause group factors. Notably, effective
financial support will promote smart long-term care information strategy development and
implementation.
Next, the priority rankings of the smart long-term information strategies obtained from the
ANP methodology are: Smart Community Health Care Strategy (0.1933) 	 Health Care
Service Management Strategy (0.1872) 	 Smart Home Care Strategy (0.1688) 	 Home
Care Human Resource Management Strategy (0.1587) 	 Shared Decision Making Strategy
(0.1462) 	 Cloud Medical Record Information Strategy (0.1458). This result indicates that
smart community healthcare aims to work in partnership with long-term community services
to promote and protect aging people’s health and social well-being.
In verifying thedecisionmodel reliability and accuracy, this study consideredvarious resource
constraints (budget, network platform cost, training time, labor cost-saving ratio, and infor-
mation transmission efficiency), as well as the ANP alternative weights. The ZOGP model
was also employed to solve themulti-objective decision-making problems. The optimal smart
long-term care information strategy portfolio includes the Shared Decision Making Strategy
(SDM), the Smart Community Health Care Strategy (SCHC), the Health Care Service Man-
agement Strategy (HCSM), and the Home Care Human Resource Management Strategy
(HCHRM). Thus, the hybrid decision model selected the SLCIS portfolio as most suitable
for the smart long-term care service network platform, and this result meets the real-world
situation in Taiwan.
The comparative analysis concluded that the rankings obtained from the ANP and AHP
methods demonstrate the dependency among critical success factors for a smart long-term
care information service platform as an important concern. According to the interdependence
and interrelationships, the ANP method was more objective and accurate in solving real-life
decision problems.
The additional analysis indicated that applying theVIKOR to obtain the compromise solution
provides a substitute analysis methodology. Interestingly, the best decision alternative (Smart
Community Health Care Strategy) from the VIKOR analysis was consistent with the finding
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of ANP computing results. Although there are differences in decision principles, strengths,
and weaknesses, the optimal decision alternative may not fluctuate.

The major limitation of this study is that the decision matrix only focused on certain per-
spectives, criteria, and alternatives; therefore, more evaluation factors and alternatives can be
considered in the future. In particular, under the COVID-19 pandemic environment, a smart
long-term care information strategy may have different benefits. Thus, different resource
requirements can be further designed using business information, and then, the hybridMCDM
model can be used to plan smart hospital information service infrastructures. Although the
results obtained from this study are satisfactory, there exists improvement direction to con-
sidering other mathematical methods that solve real-world decision problems, such as the
Technique for Order of Preference using Pattern mining based on Risk Aversion (TOPPRA)
and compared to the goal programming and resource requirement has been applied in this
study.

5.2 Policy implications

To show the real-world applicability of this study, the proposed hybrid MCDM model was
extended to a case study of the national healthcare environment in Taiwan. This study makes
the following recommendations for developing a smart long-term care information service
platform regarding the challenges of the increasing elderly population,whichwill improve the
decision quality of the evaluation process and provide useful policy directions and practical
insights.

From a policy perspective, this optimal portfolio is consistent with the government’s long-
term care policy toward smart technology integration. Effective evaluation of the smart long-
term care information service network platformwill assist the elderly in achieving aging care
satisfaction and reduce the burden of care for families.
From an academic perspective, this study established a hybrid Multi-Criteria Decision-
Making (MCDM) model by combining the advantages of DEMATEL, ANP, and ZOGP
methodologies to capture the optimal smart long-term care information strategy portfolios.
The key evaluation perspectives and criteria that influence SLTCIS decisions are simulta-
neously identified and utilized in a case study to offer decision model verification under
constrained resource requirements.
From the perspective of long-term care practices, this study proposed the SLTCIS decision
model to achieve the maximum benefits for each role in long-term care environments (hos-
pitals, home-care institutions, and communities). Cooperation between hospitals, home-care
institutions, and communities will simultaneously promote long-term care quality and effec-
tively allocate human healthcare resources to improve long-term care management.
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supporting this research under Grant MOST 108-2410-H-606 -009 -MY2 and MOST 111-2410-H-130 -012
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Appendix

See Tables(11, 12, 13, 14)
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Table 11 Average direct-relation matrix (Perspective)

HCG SIS SFD ROI

HCG 0.000 3.333 3.333 3.333

SIS 1.667 0.000 2.333 2.667

SFD 3.333 3.333 0.000 3.333

ROI 3.000 3.000 3.667 0.000

Table 12 Average direct-relation matrix (Criteria)

RC HSI PP PMV DPR VI GS LSV ECC ASC HPO HRU

RC 0.000 3.667 2.667 3.333 3.333 3.333 3.667 3.000 3.000 3.667 3.667 3.667

HSI 3.000 0.000 3.000 3.000 3.667 3.000 2.333 2.667 2.333 3.333 3.667 2.667

PP 3.667 3.333 0.000 3.000 3.333 2.667 1.667 2.333 1.333 2.333 3.000 3.333

PMV 2.667 2.667 2.667 0.000 2.667 2.667 2.667 2.667 2.667 2.667 2.667 2.333

DPR 3.000 3.667 3.000 3.000 0.000 3.333 2.000 3.333 1.667 3.333 3.667 3.333

VI 3.333 3.667 2.667 3.000 2.667 0.000 2.667 3.333 2.333 3.333 3.333 3.333

GS 3.667 3.000 2.333 2.333 2.333 3.333 0.000 3.667 3.667 3.333 3.667 3.667

LSV 3.333 3.000 2.000 3.000 2.667 3.333 3.333 0.000 2.667 3.333 3.667 3.333

ECC 2.667 2.333 1.333 2.333 2.333 3.333 3.667 3.333 0.000 2.667 3.000 3.000

ASC 3.000 3.000 2.000 2.667 3.000 3.333 3.000 3.333 2.667 1.000 2.000 3.333

HPO 3.667 3.667 2.000 3.333 3.333 3.667 3.000 3.333 3.000 3.667 0.000 3.667

HRU 3.667 3.667 2.333 3.333 3.333 3.667 3.333 3.333 3.333 3.667 3.667 0.000

Table 13 Normalized direct-relation matrix (Perspective)

HCG SIS SFD ROI

HCG 0.000 0.333 0.333 0.333

SIS 0.167 0.000 0.233 0.267

SFD 0.333 0.333 0.000 0.333

ROI 0.300 0.300 0.367 0.000
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