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Abstract: This study aims to validate the sustainable total resource management measures and provide
a hierarchical structure to manage the medical resources for the healthcare industry in Thailand.
Prior studies have failed to deal with the valid attributes and to present a theoretical hierarchical
structure. The Thailand healthcare industry faces medical resource depletion in the current pandemic
outbreak. To address these gaps, this study proposes a fuzzy Delphi method to screen out the less
important attributes in order to enhance the validity of measures. Fuzzy interpretive structural
modelling transfers the complex interrelationships into a hierarchical structure and provides the
direction for practical improvement. The result shows that green human resources practices,
collaboration in supply chain networks, analysis and knowledge management, and technology
innovation are all important aspects of the hierarchical structure for practical improvement. The linkage
criteria are (1) green ability, (2) green motivation, (3) operational efficiency, (4) environmental regulation,
and (5) energy conservation. The theoretical and managerial implications are subsequently discussed.

Keywords: sustainable total resources management; triple bottom line; fuzzy Delphi method;
fuzzy interpretive structural modelling

1. Introduction

The emergence of an unknown pneumonia etiology known as the novel coronavirus outbreak
(COVID-19) caused an enormous number of deaths due to respiratory failure [1,2]. The positive cases
spread in 216 countries rapidly. Several studies have provided potential evidence of medical resource
shortage and the massive volume of waste generated, leading to many countries exceeding their
healthcare capacity, as well as other environmental issues [3]. Thailand had the first imported case from
China and the thousands of subsequent confirmed cases have resulted in the extra demand for medical
resources while also increasing the generation of healthcare waste [4,5]. However, Thailand’s healthcare
industry lacks a method of measurement to use for this current outbreak in order to deal with the
management of their resources. This study emphasizes the urgency to launch a sustainable total
resource management (STRM) to manage the resource allocation and improve sustainability.

STRM refers to a systematic management architecture which incorporates all resources, partners,
and design in the firms’ value-add chain to enhance productivity and the effectiveness of resource
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utilization [6]. For instance, Choi et al. [7] recognized that total resource efficiency needs to be
sustainable in terms of consuming less resources and producing fewer waste, while offering an
equivalent, or added, value of products/services. Jomthanachai et al. [8] argued that efficiency-based
total resource management is comparative to sustainability by conveying the magnitudes of sustainable
resource efficiency transition such as redesign, recycle, reduce, reuse, remanufacture, and by-product
synergy. The STRM is needs to be emphasized in order to enhance the resource utilization and firm
performance [9,10]. Bringezu and Bleischwitz [11] presented sustainable resource management as
utilizing the natural resources system in a coherent manner and maximizing human welfare rather than
hampering the living eco-system. In lieu of this, this study proposes STRM should arrange all resources,
partners, and designs of the firms’ value-add chain in order to enhance the economic productivity and
effectiveness of resource utilization while maximizing social welfare and environmental supports.

Prior studies addressed these issues by taking economic benefits, environmental impact, and society
(Triple Bottom Line; TBL) into account in order to achieve effective STRM [10,12–14]. Carter and
Rogers [15] claimed that firms need to take into account social feedback simultaneously extended the
concept using TBL perspectives. Wu et al. [10] proposed to focus on TBL perspectives to extend the
sustainable resource management in order to achieve STRM. Namany et al. [9] argued that limited
resources and unsustainable consumption can lead to ecological collapse and resource exhaustion.
However, the poor utilization of resources as a firm’s under-developed financials disseminates as
straggling political modifications, low awareness of public sectors, and extensive trade restrictions,
which causes extensive unsustainability as social disruption, mass planning, and environment
contamination [16]. Efficient resource consumption is a challenge that obligates firms to rectify their
management process and business activities to balance the TBL perspectives [9,13,17]. Despite the vital
role STRM plays for the sustainable development of firms, still, there is a lack of proper guidelines and
measurement for addressing the STRM. A set of valid measures aims to resolve this challenge and
preserves the incentive for firms to be sustainable.

STRM attributes are described as qualitative information but are still absent when assessing
valid and significant attributes [5,10,18]. Indeed, the attributes acquire the accurate qualitative
information that is necessary to interpret the real situation in order to improve the resource management
performance under specific uncertainties. Hence, the fuzzy Delphi method (FDM) and the fuzzy
interpretive structural modeling (FISM) method have been used to modify the qualitative data collected
from industrial expert groups into quantitative data to inspect the attributing fusion system and
propose an effective result [19–21]. This study aggregates FDM and FISM to achieve the STRM
hierarchical structures. FDM is used to verify the valid attributes whereas FISM is used to handle the
interrelationships among the attributes. This study achieves the following objectives:

• To build valid STRM attributes in qualitative information;
• To construct an STRM hierarchical structure under uncertainties;
• To provide a healthcare industry guideline for uncertain situations.

The contributions in this study are presented as follows: (1) Validating the STRM attributes in the
context of healthcare industry needs; (2) building an STRM hierarchical structure under uncertainties;
and (3) providing the healthcare industry with an improvement guideline for pandemic situations.

This study is presented as follows. The theoretical background, proposed methods, and measurements
are presented in Section 2. FDM and FISM are explained in Section 3. Results are discussed in
Section 4. Theoretical and managerial implications are shown in Section 5. Conclusions, future studies,
and limitations are mentioned in Section 6.
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2. Literature Review

This section explains the literature focused on STRM and TBL perspectives. The subsections also
present proposed methods and measures.

2.1. Sustainable Total Resources Management

STRM requires specific boundaries and an enhanced understanding of the attributes that can
increase the transformation of current resource management systems [22,23]. Leduc and Van Kann [24]
argued that available residual social resources gathering would possibly increase STRM efficiency.
Indeed, Mousa and Othman [17] proposed that green human resources management is a key point
for facilitating sustainable social resources through emphasizing initiative green behavior to achieve
ecological influences. Shahzad et al. [18] suggested that corporate social responsibility practices
play a role in social resources assimilation to improve business operation and achieve sustainability.
Higher operational efficiency of these intangible resources is regarded as a potential determinant of
market valuation and resource investments in STRM [25]. Social resources are indicated as a critical
perspective to enhance firms’ assessments ability to attain the STRM [26].

The economic resources perspective is extensive and refers to the generation of profits or benefits to
support STRM operations [10,16]. Lin et al. [27] proposed firms’ economic resources needs to emphasize
performance measures targeting sustainable development. Particularly, Zhou et al. [28] debated fairness,
information knowledge, and technology as the main factors to enclose firms’ information and capital
alongside the economic performance. Yang and Lin [29] implied that the core strategy to implementing
STRM involves supply chain collaboration as important components to achieve sustainability and
increases a company’s economic competitiveness. However, the healthcare industry generally ignores
sustainable practices of the sector for a number of reasons, such as facilities or medical services quality,
to avoid extra expenses [30,31]. Forming an equilibrium between resource utilization and economic
development is deemed to be a challenge that obliges firms to contrive responsive business activities
that improve their sustainability.

The environmental resources perspective comprises all forms of natural resources, without damaging
human health, and tolerating eco-systems [10]. Mousa and Othman [17] argued that applying
technology and innovation in STRM can foster environmental values with efficient on-resource
utilization and inventory, as well as energy conservation. Song et al. [14] pointed out that sustainable
management becomes the important issue to supported environmental preservation and sustainable
resource allocation. However, traditional management occupations disregard the natural environment
restrictions, and the activities that address ecological influences and resource destruction [13].
Although environmental regulation has contributed to reduce environmental effects and improve
resource allocation efficiency, climate change, diminishing resources, and an increase in environmental
contamination has grown in line with an STRM approach in practices [32–34]. Thus, increasingly precise
resource management constraints and embellished environmental issues to sustainable resource
utilization and environmental protection are urgent [35]. STRM thorough the perspective of environmental
resources is required.

Indeed, Chien et al. [35] revealed that the STRM is necessary to achieve both socio-economic
development and environmental sustainability by catalyzing modernizations that support sustainable
performance, such as material, production, energy, and human resources. Song et al. [14] argued that
effective resource utilization requires STRM to fulfill the firms’ sympathy purposes, improved through
sustainable performance and competence. Thus, it is necessary to implement and accomplish an
STRM construction for the conforming assessment [6,8,36]. Embracing STRM, the TBL perspective
for environmental and social performance improvement, while achieving positive economic benefits,
is necessary.
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2.2. Proposed Methods

Quantitative and qualitative approaches to analyze optimal STRM have been widely applied
in existing studies [9,12,26,37]. Song et al. [14] applied fuzzy decision-making and trial evaluation
laboratory to interpret frameworks between sustainable resource management and green innovation.
Wu et al. (2019) proposed the application of exploratory factor analysis, a hybrid fuzzy synthetic method,
and decision-making and trial evaluation laboratory to assess causal sustainable resource management
performance. Moreover, Jomthanachai et al. [8] used a genetic algorithm and data analytics for total
resource management to verify material acceptance and improve the verification system efficiency.
However, few studies have discussed resource management attributes through linguistic preferences.
have Although the aforementioned studies provided optimal solutions for addressing the STRM,
few studies examined STRM attributes through linguistic preferences; hierarchical structures were not
deliberated in the analytical process, and qualitative information is still not yet utilized to describe the
interdependence relationships of attributes.

From this viewpoint, this study proposes a hybrid method where the first phase is applied FDM
and FISM into the second phase, constructed around prior studies. The FDM is used to verify the valid
attributes inspired by experts’ judgements, while the FISM is used to handle the interdependencies
relationship among STRM attributes [14,20]. Specifically, FDM is applied to lessen the uncertainty
judgements due to human preferences and possessing qualitative information in order to refine the
valid attributes [13,19]. FISM is a proper method for transforming the qualitative data to quantitative
data by analyzing interdependence properties to a systematic hierarchical structure [21,29].

2.3. Proposed Attributes

This study proposes a set of attributes, including 3 perspectives and 24 criteria, such as social,
economic, and environmental perspectives, presented in Table 1. The social perspective contains
green human resources practices which promote sustainable capability and corporate reputation
and provide better performance with regards to financial profit and market value performance,
as well as a sustainable competitive advantage [17,25,38]. According to this concept, green ability
(C1) relates to recruiting future employees who have environmental awareness and allocating
environmentally friendly training, as well as motivating employees on participating in green activities
by organizing green performance management combined with merit and punishment systems [39–41].
Green motivation (C2) applies leadership as a major role in supporting employee creativity [39–41].
Green opportunity (C3) refers to workplace creativity as a significant environment for developing
company performance through innovative ideas [38,41]. Green training and involvement (C4) relate
to merit and capabilities systems which increase company performance and strengthen employees’
responsibility towards environment [38,42]. Green performance management and compensation
(C5) is a merit and controlling system which enhances employee usage of the environmental
management system [39,43]. In addition, corporate social responsibility to the community (C6) is
known as a company’s vision towards society’s prosperity and extra support to non-profit firms [18,44].
Corporate social responsibility to employees (C7) means the responsibility of the company to provide
a comfortable workplace and support employees’ higher education and suitable training, along with
guarantee employee’s physical and psychological wellbeing [18,45]. Corporate social responsibility to
customers (C8) is described as a company’s obligation to maintain customers’ rights, including ethical
practices and the achievement of environmental standards [18,46].
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Table 1. Proposed perspectives and criteria.

Perspectives Criteria Descriptions References

Social perspective

C1 Green ability

The green ability of employees through recruiting those who have an awareness of environmental
protection, and providing certain training activities about environmentally friendly skills, inspiring the

motivation of engaging green activities by establishing fair green performance management systems
and distinguishing rewards and punishments, and also making a platform for employees

through green involvement

[18,38,39]

C2 Green motivation Leadership plays a crucial role in enhancing creativity among employees

C3 Green opportunity
Workplace creativity often refers to original, novel, and useful ideas generated by individuals in

organizational context. Workplace creativity can improve company performance, or rather, company
creativity belongs to the first crucial stage of innovation that makes growth happen

C4 Green training and involvement
Boost of reward and competencies system, which reinforces organizational performance and enhances the

commitment to environmental initiatives, thus allowing employees to participate in the
environmental progress

C5 Green performance management and
compensation Reward and monitoring system to support employees to environmental management system (EMS)

C6 Corporate social responsibility to
community

The organizational initiative towards the wellbeing of the society and external community
like financial support to NGOs

C7 Corporate social responsibility to
employees

The organizational duties to provide a better work environment, respecting the employees, participation in
decision and policy making, encouraging additional education, provide training, avoidance of gender bias,

ensure health, wellbeing, and safety of its employees

C8 Corporate social responsibility to
customers

An organizational responsibility towards its consumers. It comprises customer care and satisfaction,
ethical commercial practices like ecological labels, eco-compatible products and services, and enforcing

social and environmental standards on suppliers

Economic perspectives

C9 Operational efficiency Operational efficiency is a surrogate indicator of a firm’s operational excellence to transform various
resources into value-added outputs

[25,29,47]

C10 Analysis and knowledge management
It is the main point within the health care criteria for all key information of effectively measuring,

analyzing, and improving performance and managing organizational knowledge to drive improvement,
innovation, and organizational competitiveness

C11 Long-term relationships with supply
chain partners

“Long-term relationships with supply chain partners “would enhance the implementation of green
practices in supply chain

C12 Trust relationships with supply chain
partners

“Trust relationships with supply chain partners “enables collaboration between supply chain partners and
promotes their investment

C13 Supervision of supplier performance “Super- vision of supplier performance “has a positive effect on the environmental performance of
suppliers and establishment of an environmental management system

C14 Information and knowledge sharing
with supply chain partners

“Information and knowledge sharing with supply chain partners” facilitates sharing of relevant
information, knowledge, and technology along supply chain
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Table 1. Cont.

Perspectives Criteria Descriptions References

Environmental
perspectives

C15 Type of healthcare inventory items
Healthcare inventory items include medicines like tablets, capsules, and injections, surgical and medical

supplies like syringes, gloves, surgical kit, surgical linen, sterile instruments, and medical equipment
(X ray machine, ECG machine, etc.)

[18,29,32,33]

C16 Patient medical conditions The daily need of healthcare items depends on the patient arrival rate, their illness, transferal to another
care unit, and length of stay in the hospital

C17 Physician prescribing behavior Physicians exhibit dynamic prescription behavior influencing the demand for healthcare items

C18 Criticality of inventory items All pharmaceutical and medical and surgical supplies are critical for the treatment and care of patients

C19 Environmental regulation Environmental issues will be more seriously involved in the management procedures of firms belonging to
industries with higher levels of regulation, compared to those subjects to fewer regulations

C20 Energy conservation The two factors of efficient energy use (decreasing the total use of energy) and comprehensive application
of renewable resources can affect sustainability and competitiveness

C21 Corporate social responsibility to
environment

The duties of an organization towards environment protection, natural and climate changes,
handling industrial waste responsibly, and reduction in waste emissions, etc.

C22 Guidance and support from regulatory
authorities

That government agencies issue economic policies and incentives to encourage companies’ green practices,
regulation, evaluate their green performance and guide them to make improvements, etc.

C23 Consumer demands The biggest motivation for enterprises to produce green products. As customers’ environmental
awareness increases, their demand for green products is also increasing.

C24 Technological capabilities A critical factor for the development of green products or processes
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Economic perspective is the effectiveness of resources management towards sustainable economic
growth through quality management and supply chain collaboration [12,29]. Operational efficiency
(C9) is a proxy indicator of a company’s operational performance [26]. Analysis and knowledge
management (C10) is a main area to drive company performance and developing innovation along
with increasing company competitiveness [47,48]. Long-term relationships with supply chain partners
(C11) improve the supply chain’s green practice implementation [29,49]. In addition, trust relationships
with supply chain partners (C12) encourages supply chain partners to promote their partners’
investment [29,50]. Supervision of supplier performance (C13) affects suppliers’ environmental
performance and sets up the foundation for the environmental management system [29,51].
Information and knowledge sharing with supply chain partners (C14) relates to distributing company’s
resources, such as knowledge, technology, and information, within supply chain [28,29]. After success
establishing quality management and supply chain collaboration, economic resources can be one of
the key factors in order to fully achieve STRM.

Environmental perspective identifies a strategy in achieving the efficient STRM that consists
of the healthcare inventory control system and green innovation [32,33,52]. The type of healthcare
inventory items (C15) involved consists of medicines and surgical and medical supplies, such as
syringes, surgical gloves, surgical kits, surgical gown, and medical equipment like X-ray generator,
electrocardiography machine, etc. [52,53]. Patient medical conditions (C16) is the daily demand of
healthcare resources derived from number of patient arrival, disease, and the length of stay in the
hospital [52,53]. Furthermore, physician prescribing behavior (C17) affected the demand of healthcare
resources, due to the excessive prescription of physicians [53,54]. The primary issue of inventory
items (C18) referred to all medical and surgical supplies needed for patients’ treatment [53,54].
Environmental regulation (C19) involved management procedures to raise higher environmental
concern [33,34]. Energy conservation (C20) focused on efficiency energy usage and renewable energy
resources for sustainability achievement and organization competitiveness [33,34,55]. Corporate social
responsibility to the environment (C21) is the firm’s commitment towards environmental protection by
controlling how industrial waste may be disposed and reducing waste emissions [18,56]. Subsequently,
guidance and support from regulatory authorities (C22) is urgently needed for issuing supportive
policies to evaluate a company’s green performance and lead the path for improvements [29,57].
Consumer demands (C23) is known as the highest motivation for a firm to increase using green
practices [29,58]. To manage environmental resources, technological capability (C24) is an empirical
factor for driving environmentally friendly innovation [29,59].

3. Method

This section provides the healthcare industrial background and STRM in Thailand along with
FDM, FISM, and the analysis procedure.

3.1. Industrial Background

The healthcare industry is the backbone of the frontline fighting against the outbreak pandemic.
Currently, Thailand is facing a severe crisis for the whole economic system because of the “lockdown”
policy from the government. In addition, Thailand needs to deal with the shortage of medical resources
due to sharp demand over all the country and limited power production and acquisition of total
resources. In the environmental side, solid waste generation during the pandemic is rapidly and
continuously rising, comprising both healthcare and household waste, the main portion of which is
from healthcare equipment. Due to the lack of medical supplies and the delay of resource allocation, in
local hospitals, the medical personnel have a higher chance to get infected with the virus and work
overloaded hours. Among these crises and problems, STRM is becoming one of the keys factors to
decrease the effect of the pandemic on society and maintain the balance between proper resources
management and reduction of environmental harms.
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During pandemic situation, STRM gathers available local and residual resources allocation
for social, economic, and environment resources assessment, especially in the healthcare industry.
Moreover, medical waste generated is surpassing the healthcare capacity, resulting in the problem of
resource management practices. Hence, STRM is necessary to overcome these problems. However,
Thailand still needs to improve resource allocation and resource utilization. STRM is critically
needed as a solution to solve the resource limitation and environmental burden to fulfill sustainable
development goals. This study is dedicated to guiding the policymakers and healthcare firms to
achieve sustainability under resource limitation, balancing resources management along with reducing
environmental burdens. A group of 10 experts with extensive experience in STRM was approached,
including 1 top healthcare manager, 4 doctor experts, and 5 nurse experts for the FDM analysis, and a
group of 19 experts in the practical healthcare field to assess in the FISM to construct the hierarchical
structure and explore interdependence among the attributes.

3.2. Fuzzy Delphi Method

FDM integrated fuzzy set theory with Delphi method [60]: this method is used to solve the
ambiguous from expert perceptions through reducing the questionnaires [61]. Bui et al. [19] expressed
that the advantage of this method enables one to shorten the interview time for maintaining the
consistency and better expressions for experts to present their perceptions. Thus, FDM is adopted to
address the perceptions from converting these qualitative features into computable figures for making
the decisions [13].

These perceptions b is assessed by number experts α as j = (xab, yab, zab), α = 1, 2, 3, . . . , n; b =

1, 2, 3, . . . , m through adopting linguistic terms to present it. Then, the weights jb of element b is

jb = (xb; yb; zb), where xab = min(xab), yb = (
n∏
1

yab)
1/n

, and zb = max (zab). These linguistic terms

need to transform into triangular fuzzy numbers, as seen in Table 2. Later, α cut is applied to generate
the result.

ub = zb − α (zb − yb), lb = xb − α(yb − yxb), b = 1, 2, 3, . . . , m (1)

Table 2. Linguistic terms transformation for Fuzzy Delphi Method (FDM)

Linguistic Terms (Performance/Importance) Corresponding Triangular Fuzzy Numbers

Extreme (0.75, 1.0, 1.0)
Demonstrated (0.5, 0.75, 1.0)

Strong (0.25, 0.5, 0.75)
Moderate (0, 0.25, 0.5)

Equal (0, 0, 0.25)

Generally, 0.5 is used for denoting α under a common situation. The ranges of α between 0 and 1
that uses for presenting the positive or negative perception of experts. The value of Db is generated
as follows:

Db =

∫
(ub, lb) = δ[ub + (1− δ)lb] (2)

where δ is the optimism level of decision maker. Then, adopting γ =
n∑
α=1

(Db/n) as the threshold value

to screen out the unnecessary criteria. Once the Db > γ, the criterion is considered as the necessary
criteria; otherwise, it needs to be eliminated.

3.3. Fuzzy Interpretive Structural Modeling

The ISM was first proposed as a systematic analysis tool to precisely find the ultimate interrelationships
among specifying criteria through developing a hierarchical structural model [62,63]. In ISM, digraph theory
is used to systemize the criteria and their direct linkages. Systemic interrelationships are indicated
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by using the binary code for presenting each linkage of criteria. However, it neglects to take experts’
judgments into account in the traditional method [19,64]. Thus, this study uses TFN to transfer the
linguistic terms from experts’ judgments. The fuzzy ISM approach is presented as follows:

Assuming there are set of criteria Ei j, i, j = 1, 2, . . . , n and τ numbers of expert in the assessment
group. Experts are requested to evaluate the influence/importance level Eτi j between ei and e j through
linguistic terms. These linguistic terms have to transfer into TFNs by contrasting with Table 3.
Subsequently, the fuzzy self-interaction assessment matrix is generated as follows:

Eτi j =



eτ1 eτ2 · · · eτj
eτ1 eτ11 eτ12 · · · eτ1 j
eτ2 eτ21 eτ22 · · · eτ2 j
...

...
...

. . .
...

eτi eτn1 eτn2 · · · eτnn


(3)

Table 3. Corresponding Triangular Fuzzy Numbers (TFN) for Fuzzy Interpretive Structural Modeling (FISM).

Linguistic Terms Meanings Corresponding TFN

NI No influence/importance (0.0, 0.1, 0.3)
VL Very low influence/importance (0.1, 0.3, 0.5)
E Equal influence/importance (0.3, 0.5, 0.7)

HI High influence/importance (0.5, 0.7, 0.9)
VH Very high influence/importance (0.7, 0.9, 1.0)

These TFNs need to normalize by using the following equations:

aτi j =
(
aτi j −minaτi j

)
/ϕ

b
τ
i j =

(
bτi j −minbτi j

)
/ϕ

cτi j =
(
cτi j −mincτi j

)
/ϕ

(4)

where ϕ = maxcτi j −minaτi j.
The left lτi j and right rτi j normalized values can be gathered as follows:

lτi j = b
τ
i j/

(
1 + b

τ
i j − aτi j

)
rτi j = cτi j/

(
1 + cτi j −mτ

i j

) (5)

The normalized crisp value θτi j is computed as below:

θτi j =

[
lτi j

(
1− lτi j

)
+

(
rτi j

)2
]/(

1 + rτi j − lτi j

)
(6)

The corresponding crisp values matrix Mτ
i j based on integrating the crisp values of all experts are

generated as follows:

Mτ
i j =

[
mi j

]
n×n

=
n∑

i, j=1

(
θτi j

)
/τ (7)
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Accordingly, experts are requested to assess the probability by providing a positive number
between 0 and 1 [64]. These relationship probabilities between ei and e j need to integrate with Pτi j matrix:

Pτi j =
[
pi j

]
n×n

=



pτ1 pτ2 · · · pτj
pτ1 pτ11 pτ21 · · · pτn1
pτ2 pτ21 pτ22 · · · pτn2
...

...
...

. . .
...

pτi pτn1 pτn2 · · · pτnn


, 0 ≤ pi j ≤ 1 (8)

The reachability matrix T is calculated as follows:

T =
[
ti j

]
n×n

=
[
mi j

]
n×n
×

[
pi j

]
n×n

(9)

Once the matrix T is obtained, the driving power α and dependence power β are can be generated
through following equations (Wang et al., 2018).

α =
[∑n

i=1 ti j
]
n×1

=
[
tαi

]
n×1

β =
[∑n

j=1 ti j
]
1×n

=
[
tβj

]
1×n

(10)

Using the coordinate (α, β) maps criteria into the interdependence diagram and the intersection
point is the average value from the vertical and horizontal axis to separate the diagram into four
quadrants. The first quadrant is the linkage quadrant, which possesses strong driving power and
dependence power; the criteria fall into this quadrant which have significantly influence to others.
The second quadrant is the dependency quadrant due to it having strong dependence power and weak
driving power to influence other criteria. The third quadrant is the autonomy quadrant, which comprises
both weak driving power and dependence power. The fourth quadrant is called the driving quadrant,
which has strong driving power but weak dependence power to affect other criteria.

The threshold values αt and βt are used to transfer into binary reachability matrix through applying
the equations as below.

αt =
[∑n

i=1
ti j

]
n×1

, i f ti j ≥ α
t, the reachability scale equals 1, otherwise, it equals 0 (11)

βt =
[∑n

i=1
ti j

]
1×n

, i f ti j ≥ β
t, the antecedent scale equals 1, otherwise, it equals 0 (12)

The individual binary set R and A are presented as:

αt = 1, R = {C1, C2, · · ·Cn}; βt = 1, A = {C1, C2, · · ·Cn} (13)

S = R∩A (14)

where S is the intersection set.
Based on the intersection set S, the following equation is used for calculating the number of

intersection criteria for developing the structure.

F =

 n∑
j=1

si j


1×n

=
[
s j
]
1×n

(15)
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From the bottom to the top, the lowest F value is arranged to be at the first level, and the
second-lowest value is arranged to be at the second level; then, this step is repeated until all criteria
have been arranged into the model.

4. Results

This section provides the scientific results based on the proposed procedures and reveals the
important STRM hierarchical structure.

4.1. Fuzzy Delphi Method

From FDM analysis, there are only 24 criteria that passed the threshold value γ = 0.418, as shown
in Table 4. These remaining criteria are using for further development of the hierarchical structure.

Table 4. FDM result.

Criteria Result

C1 Green Ability 0.4309
C2 Green Motivation 0.4349
C3 Green opportunity 0.4452
C4 Green Training and Involvement 0.4408
C5 Green Performance Management and Compensation 0.4255
C6 Corporate social responsibility to community 0.5816
C7 Corporate social responsibility to employees 0.5913
C8 Corporate social responsibility to customers 0.5985
C9 Operational Efficiency 0.6091

C10 Analysis and Knowledge Management 0.5913
C11 Long-term relationships with supply chain partners 0.5725
C12 Trust relationships with supply chain partners 0.4918
C13 Supervision of supplier performance 0.5816
C14 Information and knowledge sharing with supply chain partners 0.5942
C15 Type of healthcare inventory items 0.4617
C16 Patient medical conditions 0.5725
C17 Physician prescribing behavior 0.5212
C18 Criticality of inventory items 0.5913
C19 Environmental regulation 0.5138
C20 Energy conservation 0.5844
C21 Corporate social responsibility to environment 0.4309
C22 Guidance and support from regulatory authorities 0.4452
C23 Consumer demands 0.4293
C24 Technological capabilities 0.4566

Threshold 0.4179
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4.2. Fuzzy Interpretive Structural Modelling

In this stage, experts are requested to assess the interrelation level among remaining criteria.
Experts’ assessments are conducted to develop the visual structure through converting the linguistic
terms into TFNs as presented in Appendix A Table A1. However, these TFNs still need to be made
defuzzy and gather the crisp value matrix as Table A2 shown.

The reachability matrix is generated by integrating corresponding crisp values and the probability
numbers provided by the expert, as shown in Table A3. The average driving power (α) and dependence
power (β) for presenting the columns and rows in reachability matrix are used to generate the
interdependence diagram (as Figure 1 presented). The diagram shows that C1, C2, C3, C7, C9, C19,
C20, C23, and C24 belong to linkage quadrant; C4, C5, C6, C8, C10, C11, C13, C14, and C21 are located
in dependent quadrant; C12, C15, C16, C18, and C22 fallen into autonomous quadrant. However,
there is no criterion which falls into the driving quadrant. The criteria located in the linkage quadrant
with strong driving and dependence power address the equilibrium of the system.
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Subsequently, the reachability and antecedent matrix need to transfer into binary matrix
through using average values of the driving (α) and dependence power (β). Based on these two,
binary reachability and antecedent matrix generate the intersection matrix, as shown in Table A4.
The hierarchical structure is constructed by accumulating the frequencies of each criterion in the
intersection matrix (as Figure 2 expressed). The hierarchical structure allocates the criteria into the
levels. Different levels which represent the different features of STRM, from higher to lower level,
are the green human resources practice (A1) aspect, including C3, C4, C8, C9, and C20; level seven refers
to collaboration in supply chain network (A2), including C1, C2, C6, C7, C13, and C14; level six refers as
analysis and knowledge management (A3), including C10; level five calls technology innovation (A4),
including C11 and C24; level four is green performance (A5), including C5; environment management
(A6) is in the level three, including C21; environmental regulation (A7) is level two, with C19; and C12,
C15, C16, C17, C18, C22, and C23 consist of the last level, which is called the healthcare inventory
control system (A8).
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Figure 2. Sustainable Total Resource Management (STRM) Framework.
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5. Implications

Theoretical and managerial implications are addressed in this section.

5.1. Theoretical Implications

The remaining 24 criteria structure the STRM hierarchical framework for healthcare industry.
The framework consists of eight aspects, which include green human resources practice (A1),
collaboration in supply chain (A2), analysis knowledge management (A3), technology innovation (A4),
green performance (A5), environment management (A6), environmental regulation (A7), and healthcare
inventory control system (A8).

Green human resources practice (A1) is with the highest frequencies, the influential power comes
from green opportunity. Therefore, green training and involvement, corporate social responsibility to
customers, and operational efficiency are playing critical roles in maintaining the long-term relationship
with customers, as well as enhancing the commitment to green behavior in sustainable resources
preventing the environmental harm [18,38,41]. For reaching sustainable goals, green human resources
practice needs to align with the green strategy in generating a positive impact to improve the STRM
performance [17]. Collaboration in supply chain networks (A2) is the second top level in STRM
framework. The supervision of supplier performance and information and knowledge sharing with
supply chain partners enables the reduction of disruptions among supply chains for promoting
collaborations among the supply chain network [3,51]. This enables one to assist the entire supply
chain partners in balancing resource utilization, maintaining the ecological system, maximizing the
control efficiency, synergizing the quality management, and strengthening market value and resource
investment for enhancing the performance of STRM [25,29].

Moreover, knowledge management (A3) is the third important aspect in approaching the STRM
as it increases the firm performance improves and accomplishes the knowledge exploration and
exploitation [28]. This aspect fosters innovation and strengthens long term relationships among
supply chain partners for better performance and enhancing the firm competitive advantages [47,48].
Therefore, promoting green human resource management is needed, since it helps to improve
innovative ideas as an effective instrument to guarantee firm knowledge development and STRM
achievement. Technological innovation (A4) generates technological capabilities development and
long-term relationships with supply chain partners. The aspect is argued to play an important role
in developing STRM, since STRM aims to gain competitive advantage and meet the stakeholder’s
requirement [29,65]. Establishing STRM must have clear technological innovation strategies that can
support a firm’s sustainability and facilitate smooth management system implementation. Hence,
improving technological innovation is mandatory for firms in reinforcing and motivating the firm to
overcome disruption and crisis challenges. Overall, STRM performance assessment should make sure
technological innovation outcomes are in line with the firm’s sustainability goals, thus balancing the
TBL, which should be assessed by an integrated process.

5.2. Managerial Implications

The top five criteria with the highest driving and dependence power were chosen from the linkage
quadrant as necessary criteria that have high effect on the overall STRM practice, including green ability
(C1), green motivation (C2), operational efficiency (C9), environmental regulation (C19), and energy
conservation (C20). These criteria have higher influential effects; thus, they need to be considered as
guidelines for making the improvements.

As a result of rapidly environmental damage, the healthcare industry is increasingly concentrating
on environmental protection, engaging environmental activities, and promoting green performance
to attract customers. However, environmental issues also involve COVID-19 acuteness, such as
poor air quality, which is related to an increase in infected cases. Environmental and climate factors
help form the landscape within which the pandemic surges. However, environmental regulation
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in Thailand is showing disadvantages because of a lack of awareness from firms, hardly earning
public appreciation or recognition. A catastrophic impact from the crisis, low occurrence probability,
and cost-ineffectiveness calculation may lead to a waste of resources. In this context, green ability,
green motivation, and environmental regulation play important roles to increase the STRM performance
in practice. The green ability considers employee recruitment, choosing employees who have better
awareness in preventing environmental damage. Green motivation affected sustainability during the
pandemic, as the incentivizing STRM preparation ahead of time assured staff ability and willingness to
work during the disruption. Furthermore, environmental regulation can play an important role, as the
restrictions and rules to higher management procedures in a firm.

Energy conservation, as a comprehensive application of renewable resources, can affect
sustainability and competitiveness in the healthcare industry, through managing energy consumption
on raising company performance towards STRM. The criterion is implemented through efficient
energy facilities with higher performance, especially in larger hospitals, generate dysfunctions on
increasing energy consumption. Energy conservation is based on the care activity of each healthcare
industry, which helps to estimate the typical consumption and implement the energy saving program
through reducing energy consumption. Thus, this reduces expenditure for the discharge of waste
and decreasing environmental damage, in line with environmental regulation to strengthen the care
provided, as well as planning for at the local level action during the pandemic.

Boosting operational efficiency generates firms’ competitiveness while pursuing STRM by
transforming various resources into value-added outputs. Enhancing the criterion adequately confronts
healthcare products/services quality and satisfies concerns regarding the availability of treatment
resources. This releases demand and pressure on the operation process during crisis and ensures the
imperative competitive advantages through best operations practices, alongside strategic initiatives.
Therefore, the firm should provide training courses and enhance its knowledge utilization capability
and promote collaboration with supply chain partners to build a competitive advantage for firms
through STRM pathway building.

6. Conclusions

Medical resources shortage and massive waste generated, exceeding healthcare capacity and
environmental harm, can be properly addressed by STRM. Although prior studies are focused on
the environmental perspective, the economic perspective and social perspective are overlooked.
Thailand’s healthcare industry urgently needs to create an appropriate tool that is integrated with
STRM. Thus, this study proposes at set of 24 criteria under three perspectives for STRM measurement.
The proposed methods integrate FDM and FISM to evaluate interdependence and develop the guidelines
for improving firms’ resources management. This hybrid method can deepen our understanding of
STRM by using the visual analysis to construct hierarchical structure model, hence simplifying complex
issues, as well as defining the limitations of previous studies by analyzing the interdependence of the
attributes based on linguistic preferences.

The findings are presented that STRM performance is improved by focusing on the important
aspects and criteria from hierarchical STRM structure. This study identified that green human
resources practices, collaboration in the supply chain network, analysis and knowledge management,
and technology innovation are the most influential aspects that can improve STRM implementation in
the healthcare industry. Five of the 24 criteria were identified as direct drivers, the highest dependence
power, including green ability, green motivation operational efficiency, environmental regulation,
and energy conservation. These attributes play important roles in determining the successful STRM in
practice. An example of proper STRM implementation is provided, directing decision-makers in the
healthcare industry to achieve efficient STRM performance.

This study contributes to our understanding of STRM by identifying potential driver attributes
in the interdependence diagram and hierarchical structure model that result in STRM, and provides
essential implications from the theoretical and managerial perspectives. This study found that green
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human resources practices, collaboration in the supply chain network, adequate analysis and knowledge
management, and sufficient technological innovation are essential tools to develop successful
STRM in Thailand’s healthcare industry. Balancing resources, along with suitable environmental
management practices maintained during the pandemic, are urgent for proper resources management.
Suitable guidelines are provided for healthcare decision-makers to pay close attention to these attributes,
in order to quickly appropriately take control and deal with various situations, and thus, achieve STRM.

This study presents limitations, along with future studies. The first existing limitations are the
proposed attributes from selected 24 measurements that were selected from the literature, which are
various and different in nature, and identification may be the cause of a limited framework and
insufficient entire practice in real complex situations. Second, the collected data were taken only
from the urban areas of Thailand during the COVID-19 pandemic situation. Future studies should
consider adding more criteria that render it possible to measure to perform a more holistic analysis.
Third, future studies must collect data expertise from other countries to more effectively integrate
subjective preferences.
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Appendix A

Table A1. Fuzzy self-interaction assessment.

C1 C2 C3 C4 . . . . . . C22 C23 C24

a b c a b c a b c a b c . . . . . . a b c a b c a b c

C1 0.3 0.5 0.7 0.3 0.5 0.7 0.5 0.7 0.9 0.5 0.7 0.9 . . . . . . 0.5 0.7 0.9 0.1 0.3 0.5 0.3 0.5 0.7
C2 0.3 0.5 0.7 0.3 0.5 0.7 0.7 0.9 1 0.1 0.3 0.5 . . . . . . 0.3 0.5 0.7 0 0.1 0.3 0.7 0.9 1
C3 0.3 0.5 0.7 0 0.1 0.3 0.3 0.5 0.7 0.3 0.5 0.7 . . . . . . 0.5 0.7 0.9 0.7 0.9 1.0 0.3 0.5 0.7
C4 0.7 0.9 1 0.1 0.3 0.5 0.0 0.1 0.3 0.3 0.5 0.7 . . . . . . 0.5 0.7 0.9 0.7 0.9 1.0 0.3 0.5 0.7
C5 0.3 0.5 0.7 0.1 0.3 0.5 0.1 0.3 0.5 0.7 0.9 1 . . . . . . 0.1 0.3 0.5 0.1 0.3 0.5 0.5 0.7 0.9
C6 0.1 0.3 0.5 0 0.1 0.3 0.7 0.9 1 0.5 0.7 0.9 . . . . . . 0.7 0.9 1 0.7 0.9 1.0 0.3 0.5 0.7
C7 0.7 0.9 1 0.3 0.5 0.7 0 0.1 0.3 0.1 0.3 0.5 . . . . . . 0 0.1 0.3 0.3 0.5 0.7 0.5 0.7 0.9
C8 0.1 0.3 0.5 0.3 0.5 0.7 0.1 0.3 0.5 0 0.1 0.3 . . . . . . 0.5 0.7 0.9 0.7 0.9 1.0 0.1 0.3 0.5
C9 0.0 0.1 0.3 0 0.1 0.3 0.3 0.5 0.7 0.7 0.9 1 . . . . . . 0.7 0.9 1.0 0.7 0.9 1.0 0.1 0.3 0.5
C10 0.7 0.9 1.0 0.1 0.3 0.5 0.7 0.9 1.0 0.5 0.7 0.9 . . . . . . 0.5 0.7 0.9 0 0.1 0.3 0.5 0.7 0.9
C11 0.7 0.9 1.0 0 0.1 0.3 0.3 0.5 0.7 0.3 0.5 0.7 . . . . . . 0 0.1 0.3 0.1 0.3 0.5 0.5 0.7 0.9
C12 0.7 0.9 1.0 0.5 0.7 0.9 0.3 0.5 0.7 0.7 0.9 1.0 . . . . . . 0 0.1 0.3 0 0.1 0.3 0.0 0.1 0.3
C13 0.0 0.1 0.3 0.1 0.3 0.5 0.1 0.3 0.5 0.3 0.5 0.7 . . . . . . 0.7 0.9 1.0 0 0.1 0.3 0.5 0.7 0.9
C14 0.0 0.1 0.3 0.7 0.9 1.0 0.7 0.9 1.0 0.1 0.3 0.5 . . . . . . 0.5 0.7 0.9 0.3 0.5 0.7 0.1 0.3 0.5
C15 0.7 0.9 1.0 0.7 0.9 1.0 0.3 0.5 0.7 0.1 0.3 0.5 . . . . . . 0.1 0.3 0.5 0.3 0.5 0.7 0.1 0.3 0.5
C16 0.0 0.1 0.3 0.3 0.5 0.7 0.7 0.9 1.0 0.3 0.5 0.7 . . . . . . 0 0.1 0.3 0.3 0.5 0.7 0.7 0.9 1.0
C17 0.1 0.3 0.5 0 0.1 0.3 0 0.1 0.3 0.7 0.9 1.0 . . . . . . 0.7 0.9 1.0 0.7 0.9 1.0 0.1 0.3 0.5
C18 0.5 0.7 0.9 0.7 0.9 1.0 0.7 0.9 1.0 0.3 0.5 0.7 . . . . . . 0.7 0.9 1.0 0.1 0.3 0.5 0.3 0.5 0.7
C19 0.5 0.7 0.9 0 0.1 0.3 0.1 0.3 0.5 0.0 0.1 0.3 . . . . . . 0.3 0.5 0.7 0.5 0.7 0.9 0.5 0.7 0.9
C20 0.5 0.7 0.9 0 0.1 0.3 0.1 0.3 0.5 0.0 0.1 0.3 . . . . . . 0.1 0.3 0.5 0.3 0.5 0.7 0.1 0.3 0.5
C21 0.7 0.9 1.0 0.3 0.5 0.7 0 0.1 0.3 0.1 0.3 0.5 . . . . . . 0.7 0.9 1.0 0.7 0.9 1.0 0.0 0.1 0.3
C22 0.0 0.1 0.3 0.5 0.7 0.9 0 0.1 0.3 0.5 0.7 0.9 . . . . . . 0.3 0.5 0.7 0.7 0.9 1.0 0.3 0.5 0.7
C23 0.3 0.5 0.7 0.1 0.3 0.5 0.5 0.7 0.9 0.1 0.3 0.5 . . . . . . 0.0 0.1 0.3 0.3 0.5 0.7 0.0 0.1 0.3
C24 0.3 0.5 0.7 0.1 0.3 0.5 0.1 0.3 0.5 0.1 0.3 0.5 . . . . . . 0.5 0.7 0.9 0.1 0.3 0.5 0.3 0.5 0.7
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Table A2. Crisp value matrix.

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24

C1 0.28 0.39 0.45 0.34 0.43 0.34 0.42 0.32 0.40 0.33 0.34 0.4 0.31 0.43 0.40 0.27 0.26 0.41 0.40 0.43 0.46 0.39 0.41 0.39
C2 0.42 0.25 0.41 0.46 0.38 0.30 0.45 0.39 0.42 0.36 0.43 0.44 0.43 0.43 0.44 0.33 0.35 0.34 0.48 0.34 0.38 0.34 0.43 0.45
C3 0.42 0.45 0.24 0.44 0.46 0.43 0.48 0.40 0.33 0.36 0.37 0.31 0.41 0.35 0.45 0.30 0.28 0.32 0.42 0.39 0.43 0.44 0.51 0.44
C4 0.44 0.42 0.32 0.25 0.33 0.34 0.42 0.37 0.31 0.39 0.40 0.36 0.32 0.46 0.39 0.32 0.30 0.29 0.46 0.44 0.44 0.40 0.37 0.40
C5 0.38 0.31 0.40 0.46 0.25 0.33 0.48 0.31 0.34 0.40 0.35 0.28 0.37 0.37 0.30 0.31 0.25 0.36 0.31 0.34 0.43 0.38 0.47 0.47
C6 0.37 0.42 0.41 0.39 0.39 0.26 0.35 0.38 0.35 0.38 0.39 0.36 0.42 0.40 0.38 0.28 0.32 0.34 0.36 0.45 0.41 0.42 0.41 0.41
C7 0.48 0.42 0.35 0.41 0.43 0.34 0.26 0.33 0.34 0.30 0.5 0.42 0.37 0.50 0.38 0.33 0.31 0.40 0.37 0.38 0.35 0.33 0.36 0.38
C8 0.38 0.30 0.43 0.39 0.38 0.38 0.41 0.23 0.36 0.40 0.35 0.45 0.47 0.39 0.44 0.34 0.44 0.32 0.32 0.39 0.32 0.43 0.36 0.37
C9 0.35 0.34 0.36 0.35 0.33 0.47 0.45 0.37 0.23 0.40 0.34 0.39 0.39 0.30 0.41 0.35 0.31 0.42 0.37 0.42 0.43 0.45 0.45 0.45
C10 0.45 0.37 0.42 0.46 0.41 0.37 0.39 0.37 0.24 0.24 0.44 0.34 0.34 0.40 0.38 0.44 0.39 0.38 0.37 0.40 0.39 0.43 0.44 0.46
C11 0.45 0.41 0.42 0.43 0.38 0.36 0.40 0.43 0.37 0.40 0.26 0.44 0.35 0.40 0.33 0.34 0.24 0.28 0.31 0.30 0.32 0.33 0.35 0.37
C12 0.49 0.37 0.30 0.28 0.32 0.36 0.36 0.32 0.33 0.30 0.39 0.27 0.31 0.47 0.38 0.40 0.29 0.26 0.28 0.33 0.38 0.42 0.20 0.27
C13 0.40 0.37 0.41 0.37 0.35 0.34 0.43 0.31 0.36 0.39 0.43 0.35 0.26 0.42 0.33 0.34 0.33 0.32 0.36 0.37 0.46 0.44 0.36 0.40
C14 0.34 0.40 0.37 0.37 0.40 0.35 0.29 0.37 0.34 0.37 0.41 0.37 0.33 0.30 0.35 0.33 0.41 0.31 0.37 0.37 0.42 0.37 0.38 0.42
C15 0.45 0.39 0.39 0.40 0.31 0.25 0.42 0.41 0.34 0.41 0.24 0.30 0.39 0.27 0.30 0.47 0.34 0.45 0.35 0.28 0.32 0.28 0.32 0.32
C16 0.31 0.29 0.28 0.33 0.26 0.27 0.42 0.30 0.25 0.30 0.32 0.26 0.40 0.32 0.56 0.30 0.48 0.35 0.33 0.25 0.31 0.30 0.31 0.36
C17 0.26 0.22 0.24 0.33 0.19 0.35 0.31 0.34 0.28 0.30 0.25 0.27 0.24 0.33 0.46 0.42 0.29 0.44 0.34 0.24 0.19 0.27 0.23 0.24
C18 0.29 0.36 0.29 0.32 0.30 0.26 0.36 0.27 0.29 0.32 0.26 0.23 0.20 0.35 0.48 0.42 0.43 0.29 0.26 0.31 0.24 0.36 0.29 0.30
C19 0.42 0.45 0.44 0.43 0.38 0.37 0.43 0.36 0.39 0.25 0.25 0.30 0.39 0.35 0.29 0.35 0.31 0.34 0.29 0.47 0.47 0.33 0.28 0.31
C20 0.48 0.36 0.42 0.39 0.38 0.38 0.38 0.37 0.41 0.43 0.29 0.38 0.35 0.36 0.31 0.28 0.20 0.43 0.51 0.28 0.41 0.39 0.39 0.38
C21 0.41 0.38 0.46 0.44 0.43 0.39 0.40 0.28 0.35 0.36 0.25 0.34 0.36 0.40 0.34 0.26 0.19 0.3 0.36 0.36 0.28 0.42 0.43 0.43
C22 0.36 0.35 0.3 0.4 0.33 0.29 0.39 0.37 0.39 0.34 0.30 0.31 0.30 0.43 0.31 0.41 0.33 0.24 0.45 0.43 0.33 0.28 0.38 0.39
C23 0.43 0.45 0.38 0.32 0.38 0.35 0.38 0.34 0.36 0.38 0.30 0.35 0.34 0.42 0.33 0.37 0.36 0.22 0.32 0.43 0.39 0.38 0.27 0.33
C24 0.40 0.46 0.34 0.34 0.35 0.34 0.31 0.34 0.39 0.39 0.31 0.28 0.44 0.44 0.34 0.45 0.20 0.25 0.40 0.38 0.32 0.43 0.41 0.38
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Table A3. Reachability matrix.

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 β

C1 10.70 10.70 10.20 9.80 10.10 9.70 10.20 9.70 10.60 9.80 9.70 10.10 10.00 9.80 9.50 9.60 9.10 9.80 10.50 10.50 9.40 9.60 10.30 10.40 10.00
C2 11.30 11.30 10.80 10.20 10.60 10.20 10.70 10.10 11.10 10.20 10.20 10.60 10.50 10.30 10.00 9.90 9.60 10.30 11.10 10.90 10.10 10.10 10.80 10.80 10.50
C3 11.20 11.20 10.70 10.20 10.50 10.30 10.60 10.10 11.10 10.20 10.30 10.60 10.60 10.20 10.00 10.00 9.50 10.10 11.10 10.90 9.90 10.10 10.80 10.70 10.50
C4 10.60 10.60 10.30 9.80 10.00 9.70 10.10 9.60 10.60 9.70 9.60 10.00 10.00 9.70 9.40 9.50 9.00 9.70 10.40 10.40 9.40 9.60 10.20 10.30 9.90
C5 10.30 10.40 9.80 9.30 9.70 9.40 9.90 9.30 10.20 9.40 9.40 9.80 9.60 9.40 9.20 9.20 8.80 9.30 10.20 10.00 9.30 9.30 9.80 9.90 9.60
C6 10.80 10.70 10.30 9.80 10.20 9.70 10.20 9.80 10.70 9.80 9.80 10.20 10.00 9.80 9.50 9.60 9.10 9.80 10.60 10.40 9.50 9.60 10.30 10.40 10.00
C7 10.70 10.70 10.30 9.80 10.10 9.70 10.20 9.60 10.60 9.80 9.70 10.20 10.00 9.60 9.60 9.50 9.10 9.90 10.50 10.40 9.50 9.70 10.30 10.40 10.00
C8 10.70 10.80 10.30 9.70 10.10 9.70 10.10 9.80 10.60 9.80 9.70 10.10 10.00 9.80 9.50 9.60 9.10 9.90 10.60 10.40 9.60 9.70 10.40 10.50 10.00
C9 10.70 10.80 10.40 9.80 10.20 9.90 10.30 9.80 10.80 9.90 9.80 10.20 10.20 10.00 9.70 9.70 9.20 9.80 10.70 10.60 9.60 9.80 10.40 10.40 10.10

C10 11.00 11.00 10.60 10.10 10.30 10.20 10.50 10.00 11.00 10.10 10.10 10.50 10.30 10.00 10.00 9.80 9.50 10.20 10.90 10.70 10.00 10.10 10.60 10.60 10.30
C11 10.30 10.30 9.80 9.30 9.70 9.40 9.90 9.40 10.30 9.40 9.30 9.70 9.70 9.40 9.20 9.10 8.80 9.30 10.20 10.10 9.20 9.40 9.90 10.00 9.60
C12 9.50 9.50 9.20 8.70 8.90 8.70 9.10 8.60 9.50 8.70 8.70 9.10 8.90 8.70 8.50 8.50 8.10 8.70 9.40 9.40 8.50 8.80 9.30 9.30 8.90
C13 10.60 10.60 10.20 9.70 10.00 9.70 10.10 9.60 10.50 9.60 9.60 10.00 9.90 9.70 9.40 9.40 9.00 9.60 10.40 10.30 9.50 9.60 10.10 10.30 9.90
C14 10.40 10.40 10.00 9.50 9.80 9.50 9.80 9.40 10.40 9.50 9.40 9.80 9.70 9.50 9.30 9.30 8.80 9.60 10.30 10.10 9.30 9.40 9.90 10.00 9.70
C15 9.80 10.00 9.60 8.90 9.30 9.10 9.50 9.10 10.00 9.10 9.20 9.40 9.30 9.10 8.90 8.90 8.50 9.10 9.80 9.80 8.90 9.00 9.50 9.60 9.30
C16 9.30 9.30 9.00 8.50 8.80 8.40 8.70 8.40 9.10 8.50 8.50 8.70 8.70 8.60 8.30 8.30 7.90 8.60 9.20 9.00 8.30 8.40 9.00 8.90 8.70
C17 8.20 8.30 8.00 7.50 7.90 7.50 7.90 7.40 8.20 7.60 7.50 7.80 7.70 7.60 7.50 7.50 7.20 7.60 8.10 8.10 7.30 7.60 8.00 8.00 7.70
C18 8.80 8.80 8.50 8.20 8.30 8.10 8.30 8.10 8.70 8.10 8.00 8.40 8.30 8.10 7.90 7.90 7.60 8.20 8.70 8.60 7.90 8.10 8.60 8.60 8.30
C19 10.20 10.10 9.90 9.30 9.60 9.40 9.80 9.40 10.30 9.50 9.40 9.70 9.50 9.30 9.10 9.20 8.70 9.40 10.10 10.10 9.20 9.40 9.90 10.00 9.60
C20 10.60 10.70 10.30 9.60 10.10 9.80 10.30 9.60 10.60 9.70 9.70 10.10 10.00 9.70 9.50 9.50 9.10 9.70 10.50 10.60 9.50 9.60 10.10 10.40 10.00
C21 10.30 10.30 9.70 9.30 9.60 9.30 9.80 9.30 10.20 9.40 9.30 9.80 9.60 9.30 9.10 9.10 8.70 9.30 10.10 10.10 9.20 9.30 9.80 10.00 9.60
C22 10.00 10.00 9.60 9.10 9.40 9.10 9.50 9.00 9.90 9.20 9.00 9.40 9.30 9.00 8.90 8.90 8.50 9.20 9.80 9.70 8.90 9.10 9.60 9.70 9.30
C23 10.10 10.10 9.80 9.30 9.50 9.30 9.70 9.30 10.10 9.30 9.20 9.60 9.50 9.30 9.00 9.00 8.60 9.30 10.00 10.00 9.00 9.30 9.80 9.90 9.50
C24 10.30 10.30 9.80 9.40 9.70 9.40 9.90 9.30 10.30 9.40 9.30 9.90 9.60 9.30 9.10 9.20 8.70 9.40 10.20 10.10 9.20 9.30 9.90 10.00 9.60

α 10.30 10.30 9.90 9.40 9.70 9.40 9.80 9.30 10.20 9.40 9.30 9.70 9.60 9.40 9.20 9.20 8.80 9.40 10.10 10.10 9.20 9.30 9.90 10.00
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Table A4. Intersection matrix.

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 Frequency Level

C1 1 1 1 0 1 0 1 0 1 0 0 1 0 0 0 0 0 0 1 1 0 0 1 1 11 7
C2 1 1 1 0 1 0 1 0 1 0 0 1 0 0 0 0 0 0 1 1 0 0 1 1 11 7
C3 1 1 1 0 1 0 1 0 1 0 0 1 1 0 0 0 0 0 1 1 0 0 1 1 12 8
C4 1 1 1 0 1 0 1 0 1 0 0 1 1 0 0 0 0 0 1 1 0 0 1 1 12 8
C5 1 1 0 0 1 0 1 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 7 4
C6 1 1 1 0 1 0 1 0 1 0 0 1 0 0 0 0 0 0 1 1 0 0 1 1 11 7
C7 1 1 1 0 1 0 1 0 1 0 0 1 0 0 0 0 0 0 1 1 0 0 1 1 11 7
C8 1 1 1 0 1 0 1 0 1 0 0 1 1 0 0 0 0 0 1 1 0 0 1 1 12 8
C9 1 1 1 0 1 0 1 0 1 0 0 1 1 0 0 0 0 0 1 1 0 0 1 1 12 8
C10 1 1 1 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 1 1 0 0 1 1 10 6
C11 1 1 0 0 1 0 1 0 1 0 0 0 1 0 0 0 0 0 1 1 0 0 0 1 9 5
C12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
C13 1 1 1 0 1 0 1 0 1 0 0 1 0 0 0 0 0 0 1 1 0 0 1 1 11 7
C14 1 1 1 0 1 0 1 0 1 0 0 1 0 0 0 0 0 0 1 1 0 0 1 1 11 7
C15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
C16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
C17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
C18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
C19 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 4 2
C20 1 1 1 0 1 0 1 0 1 0 0 1 1 0 0 0 0 0 1 1 0 0 1 1 12 8
C21 0 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 1 5 3
C22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
C23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
C24 1 1 0 0 0 0 1 0 1 0 0 1 0 0 0 0 0 0 1 1 0 0 1 1 9 5
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