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Abstract: Subsidiaries typically start out as a company division. As the company expands its product
lines, the regions it operates in, or the customers it serves, the company is likely to combine the
related research and development, procurement, production, and sales departments into a relatively
discrete organizational structure. As such, the head of the division is often of equal importance
as the company president. In particular, when the product has a competitive advantage, the head
of the division has more authority in the company’s future operational planning. Thus, when a
company has a multidivisional organizational structure, the heads of those divisions typically have
considerable responsibilities. In this study, literature data were combined with a fuzzy Delphi expert
questionnaire survey to determine the constructs and criteria for assessing candidates for division
manager. Subsequently, the fuzzy decision-making trial and evaluation laboratory (DEMATEL) and
the fuzzy DEMATEL-based analytic network process were used to identify the causal relationships
between criteria and their weights, and the fuzzy technique for the order of preference by similarity
to ideal solution was used to rank the solutions to approximate the company’s optimal candidate for
division manager and provide the ideal decision-making solutions, which may offer companies with
the reference of selecting the senior executives.

Keywords: division manager; fuzzy Delphi; DEMATEL; ANP; fuzzy TOPSIS

1. Introduction

A multidivisional organizational structure is generally formed to meet the needs of a
company expanding its scale and diversifying its businesses. This type of organizational
structure involves centralized control and decentralized management: a decentralized
operational organization under coordinated control. Mintzberg [1] proposed five types of
organizational structures: simple structure, machine bureaucracy, professional bureaucracy,
divisional structure, and adhocracy. A divisional structure is based on centralized control
and decentralized management, with each division accepting profit-sharing responsibilities;
these divisions can determine their own products and markets and independently manage
the business activities of their departments. However, the operations of each division must
be reported to the company’s top management, which assesses each division on the basis of
their business profits and losses. Each division, having its own functional structure, strives
to operate independently and be responsible for its own profits and losses. Yin [2] argued
that the Formosa Plastics Group treats each division as a profit center in charge of its own
profits and losses; in other words, when each division is considered a business unit, under
a divisional structure, market opportunities are combined with the internal structure of
the company to form a model in which each division has its own separate accounting and
independent operations.

1.1. Research Background and Motivations

Organizations must continually pursue profits to maintain long-term business op-
erations. However, in this age of meager profits, business operations have become even
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more stringent. As such, if a company decides to diversify its products, it must also plan
to adopt a divisional structure. Chandler [3] proposed that a multidivisional form (M-
form) is the optimal organizational structure for diversified companies, because senior
executives with diverse experience are more familiar with their division’s business, the
performance of M-form depends considerably on the top managers, and the traits of a
supervisor affects team performance. These traits are widely considered by pedagogues
to include motivation, skills, and a self-concept or social role, as well as the use of this
knowledge to generate higher and more effective job performance and become a key factor
affecting the company’s operations. These traits are the competencies that a professional
leader should possess. Page et al. [4] also maintained that the professional competencies
in an organization that enable effective or high performance were the skills, capabilities,
and personality traits that managers should have. Therefore, this study is a discussion
of how succession planning based on the competences of a division manager enables a
company to appoint division managers that are suited to each division’s business. This
discussion can then be distilled into guidelines on candidate appointments for companies
pursuing a multidivisional structure to enhance their competitive advantages in their
business operations.

1.2. Research Purpose

According to the stated research background and motivations, the purpose of this
study is (1) to determine the criteria for appointing division managers by using theoretical
discussions, literature collection, and expert opinions, and (2) to determine the key factors
and weights among the appointment criteria. Subsequently, these criteria are ranked ac-
cording to their priority in the appointment of specific division (research and development,
production, business, and administration) managers to form a reference for companies in
the hiring process.

2. Literature References

This study attempts to establish the major criteria for appointing division managers
on the basis of senior executive traits, professional development, professional skills and
abilities, and organizational design. These criteria then form the research framework.

2.1. Divisional Organizations

In a divisional organization, budgets are set according to hierarchical management
and hierarchical accounting, with profit centers bearing the responsibility for their own
profits and losses. Some divisions are determined by region or profit types. The division
and its plants are in charge of product research and development (R&D) and design, mate-
rial procurement, cost accounting, production, and product sales, whereas the head office
is responsible for final human resource decisions and overseeing the budgets. Ordonez-
Ponce and Clarke [5] explained that in an M-form organization, all functional divisions
are strategic partners. Wen [6] argued that when addressing changes to single functional
organizations caused by uncertainty in a complex environment, because each division can
manage its own functional departments, a divisional organization can circumvent the diffi-
culties involved in communication between functional organizations; in dynamic markets,
companies also guarantee the compatibility of its organization and product designs with
the environment in accordance with its organizational form [7]. Kang [8] revealed that
companies with a multidivisional structure can more easily adapt to external environment
changes and avoid the shortcomings of a centralized design, as excessive centralization can
lower the quality and speed of decisions, as well as the organization’s ability to respond to
markets. Duncan [9] argued that divisions in an organization can integrate many functions
within a company, resulting in smoother and clearer communication between divisions.
A multidivisional structure is more suited to differentiated needs that arise from the di-
versification of product regions and customers and can thus improve the organization’s
performance. M-forms are the predecessors of subsidiary companies because they already
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have sufficient resources for handling environmental complexities. As such, when faced
with high market uncertainty, when products are subject to specification transformations
from new technologies, an M-form can immediately adjust its business directions according
to the situation without waiting for the head office to decide [10]; as a result, the approach
of division managers in delegation, decisions, and operational management has gradu-
ally shifted toward independent corporate governance. A summary of the comparison
of strategic business units (SBU) and corporate core competence conducted by Hamel
and Prahalad [11] is presented in Table 1. The M-form plays a key role in a company’s
organizational planning; when a company gradually expands its product lines and regions,
its functionality allows the organization to respond to various environmental changes.
Therefore, in terms of the appointment of division managers, the literature on organiza-
tional structures highlights the importance of a division manager in the company and
clarifies the traits of the role in question. Daft [12], in Organization Theory and Design,
stated that an increasingly complex organization is inclined to transform from a functional
department into the M-form structure, with each division including its own business, R&D,
production, and administrative departments. Figure 1 provides an organizational chart.

Table 1. Two concepts of the corporation: SBU or core competence.

Division Core Competence

Basis for competition Competitiveness of today’s products Interfirm competition to build competencies

Corporate structure Portfolio of businesses related in
product-market terms

Portfolio of competencies, core products,
and businesses

Status of the business unit Autonomy is sacrosanct; the SBU “owns” all
resources other than cash

SBU is a potential reservoir of
core competencies

Resource allocation Discrete businesses are the unit of analysis;
capital is allocated business by business

Businesses and competencies are the unit of
analysis; top management allocates capital

and talent

Value added of top management Optimizing corporate returns through capital
allocation trade-offs among businesses

Enunciating strategic architecture and
building competencies to secure the future

Figure 1. Chart of divisional organizations.
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2.2. Successor Traits and Abilities

The succession position being discussed in this study is division manager. Roth-
well [13] held that the successors should not be limited to leadership or managerial levels;
instead, candidates of all types and levels should be considered. In a large company,
a division manager has a role similar to chief operating officer (COO), which carries great
responsibilities, but its traits and competencies have not been studied much. A senior
executive’s management beliefs determine the organizational change and its direction [14],
and in a company’s succession, the COO is typically the management knowledge center
regarding the successors for the chief executive officer or president [15]. Lessem [16] held
that a successor must have competencies that include the ability to influence, the ability to
learn, the ability to create, and the attitude to work. Tu [17] also argued that the traits of an
exemplary successor include having personal charisma, leadership skills, and a learning
ability as well as employing the right person for the right job. The main functions of a
division manager involve operational governance, R&D innovation, production control,
and technical improvements of the products that they oversee, requiring a diversified
conceptual competence which is reflected in the traits of a successor. The function of a
division manager also includes organizing information from outside experts on the prac-
tices of senior executives. This is mainly because consultancies can provide companies
with independent and objective consulting services and experts can assist organizations by
proposing the analysis of and solution to management problems at the appropriate time.
These suggestions enable customers to implement immediate response measures [18]. A
summary of expert opinions on managerial qualities is presented in Table 2; Table 3 is an
overview of the findings of Ivancevich et al. [19], as compiled by Hsiao [20].

Table 2. Managerial qualities.

Managerial Qualities References

1. Positive leadership
2. Curiosity and creativity
3. Practical and careful planning
4. High-level and self-disciplined execution skills
5. Science-based decision-making abilities

Guo [21]
Manager Today

1. Must be able to set objectives
2. Seek to integrate the organization as a whole
3. Must be able to encourage and communicate
4. Make assessments when appropriate
5. Nurture talent, including their own

Drucker [22]
Commonwealth Magazine

1. Must be perceptive
2. Calm, humble, focused, and persistent; able to learn from mistakes
3. Organized and analytical thinking
4. Able to make accurate judgments on the basis of independent thinking
5. A generalist that asks for details
6. Determination to win
7. Willing to adopt different strategies
8. Self-understanding
9. Sufficient experience
10. Integrity

Bolton [23]
Book Republic

1. Integrity above all
2. Sense of responsibility that prioritizes the company
3. Self-confidence and acceptance of challenges
4. Active enthusiasm and the courage to pursue change
5. Prospective insights; looking to the future
6. Innovating and challenging old customs
7. Pursuit of greater accomplishments
8. Resolution to make value-based judgments

Lee [24]
Management Magazine
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Table 3. Senior executive traits.

Type Factors

Physiological traits Age Appearance Height Weight
Social background Education Social standing Social mobility

Wisdom
Intelligence Capabilities Judgment
Knowledge Language fluency

Character traits
Activeness Agility Assertiveness Passion
Extroversion Independence Creativity
Confidence Integration of personality

Work-related traits
Achievements Responsibility Creativity Persistence
Entrepreneurialism Work-orientation

Social traits
Administrative skills Attractiveness Cooperation Popularity
Reputation Social skills Interpersonal skills Resourcefulness
Diplomacy

2.3. Competence
2.3.1. Definition of Competence

The earliest definition of competence was provided by McClelland [25], who held that
regardless of a person’s race, sex, or socioeconomic status, competence is the paramount
predictor of job performance. He discovered that behavioral characteristics and content
(e.g., attitude, cognition, and individuality) are the most effective test traits. Ulrich et al. [26]
defined competence as knowledge and skills that an individual possesses or outwardly
displays. After Spencer and Spencer [27] proposed the iceberg model of competence,
definitions of competence became more concrete, and many scholars and companies have
attained more solid understandings of what competence means and developed more
diversified forms of managing and fostering employees’ professional competence. Derouen
and Kleiner [28] distinguished competence by type into technical competence, people
competence, and conceptual competence, and on this basis, subsequent scholars have
developed more specific competencies applicable to all company hierarchies. Companies
also outsource the development of training frameworks; for example, Taiwan’s Talent
Quality-Management System (TTQS) features classes on professional competence in its
corporate consultation courses [29]. Müller-Frommeyer [30] also constructed a competence
framework based on learning environments, which is summarized in Table 4:

Table 4. Overview of competencies.

Professional and methodological competencies

Knowledge of science and mechanics

Presentation skills
Technical knowledge

Application of knowledge
Analytical thinking
Measuring energy

Social competencies Capacity for teamwork
Communication skills

Personal competencies

Motivation
Affinity for technology
Personal responsibility

Openness

2.3.2. Senior Executive Competencies

On the basis of the ranks and competencies of division managers, scholars worldwide
have proposed the competencies of senior executives and the necessary core abilities and
management skills; the established framework is presented in Table 5, and the references
included the competencies of top management teams too, based on Brinckmann [31].
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Table 5. Senior executive competencies.

Senior Executive Competencies References

1. Communication skills
2. Customer-oriented abilities
3. Proactiveness
4. Self-management skills
5. Problem-solving skills

Chang and Huang [32]

1. Analytical skills
2. Governance skills
3. Communication and coordination
4. Problem-solving
5. Administrative management capabilities
6. Organizational and business capabilities
7. Integration, financial, and information capabilities
8. Leadership charisma and leadership abilities
9. Self-understanding

Newland [33]

1. Interpersonal relationships, information capabilities, decision-making abilities
2. Crisis management resource integration, and business negotiations
3. Technical abilities and interpersonal communication skills
4. Innovative capabilities

Mintzberg [34]

1. High-order heterogeneity
2. Exemplary competitiveness
3. Adaptability
4. Resulting in interfirm differences

Hambrick et al. [35]
Garg and Zhao [36]

1. Entrepreneurial: conceptual, creative, and executive abilities
2. Functional: technical, business, and financial management abilities
3. Social: teamwork, leadership, and networking abilities

Brinckmann [31]

1. Open-mindedness, agile thinking strategies
2. Cultural interest and sensitivity
3. Complex processing ability
4. Flexibility, resourcefulness, optimism, and vigor
5. Honesty and integrity
6. Stability in their personal life
7. Added-value technologies or business skills

McCall and Hollenbeck [37]

1. Organizational skills
2. Security and crisis management skills
3. Professional knowledge
4. Vision planning
5. Risk prediction and conflict resolution skills
6. Approachability
7. Independent learning skills
8. Leadership skills
9. Comprehension skills
10. Leadership charisma

Wang and Wei [38]

3. Research Method

This study is an exploration of the key factors and order of succession in the ap-
pointment of division managers in manufacturing businesses in an attempt to construct
the key competence factors for a division manager, with emphases on traits, managerial
competence, core competence, and adaptability. Tsai et al. [39] argued a technique for the
order preference by similarity to the ideal solution to assist evaluating candidates, and a
prototype of the research framework was based on the literature on competence, both in
Taiwan and internationally. This preliminary framework was also the basis of an expert
questionnaire survey administered to senior executives and top-level business operators
who have over 10 years of experience in manufacturing businesses that are publicly listed
in Taiwan. These businesses are M-form companies. The respondents were surveyed on
the following: when suggesting or appointing a division manager in the event of estab-
lishing a division or filling a vacancy, what key factors and criteria do they consider to
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determine the prime candidate for division manager? The surveys were anonymous: the
experts did not discuss the survey among themselves, nor did lateral communications
occur. After explaining the research method and topics, the care taken to avoid ethics
violations, the rights to privacy of the respondents, and their consent was obtained before
they provided responses.

Figure 2 depicts the research process flowchart.

Figure 2. Research process flowchart.

3.1. Research Framework

The division manager dimensions and criteria were constructed on the basis of the
literature review. The prototype comprises four dimensions and 22 criteria (Figure 3),
alternative 1 to alternative 4 represent the four managers ranked; the definitions and source
references are listed in Table 6.

Table 6. Prototype dimensions and criteria.

Dimensions Criteria Definitions Citations

Senior
executive
traits
(1 to T6)

1 Engagement Is dedicated to the profession and gets along
with colleagues

Boyatzis [40]; Tu [17];
Hsiao [20]; Newland [33]
Ivancevich et al. [19]
Wang and Wei [38].
Hambrick et al. [35]

2 Open honesty Handles matters with integrity

3 Level of
education

The highest level of education received or
research field

4 Team
heterogeneity

Has a different length of experience in the company,
different professional background, and different
educational background from most team members

5 Emotional
management

Is proficient in self-control, coordination, and
emotional regulation and is able to resolve conflicts in
the organization and respond appropriately to events

6 Leadership
charisma

Is charismatic with lower-ranked employees, resulting
in their willingness to be led; exhibits outstanding
leadership abilities in the company or the ability to
prompt employees to maximize their contributions
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Table 6. Cont.

Dimensions Criteria Definitions Citations

Senior
executive
competences
(7 to 12)

7 Strategic thinking
skills

Is constantly aware of the direction of organizational
change in the company and can make immediate
judgments to adjust the limited resources, thus
modifying or adopting innovative methods to propel
the company in the right direction

Lessem [16]; Tu [17];
Guo [21]; Bolton [23];
Chang and Huang [32];
Brinckmann [31];
Wang and Wei [38]

8 Leadership
abilities

Possesses the ability to achieve the organization’s
mission and mobilize employees to strive for
the mission

9 Teamwork Demonstrates willingness to cooperate to achieve
existing goals

10 Work scheduling Can devise temporary and short-term plans for single
activities (tasks) that are more concrete and practical

11
Analytical and
decision-making
abilities

Can use sound judgment to select a reasonable
process among feasible alternatives to achieve a
certain goal

12 Problem-solving
abilities

Is able to effectively use resources and propose and
implement solutions to problems within the
organization; is able to adjust and improve solutions
to ensure the problem is solved

Professional
competence
(13 to 18)

13
Business
negotiation
abilities

Has the ability to set common goals in the company
development to resolve each other’s distribution or
demand problems and generate win–win situations

Page et al. [4];
Lessem [16];
Tu [17]; Drucker [22];
Bolton [23];
Newland [33];
Mintzberg [34];
Brinckmann [31];
McCall and
Hollenbeck [37]
Brinckmann [31]

14 Industry analysis
capabilities

Is able to analyze market structures and market
behaviors and devise activities that form the basis for
the company to establish scientific and effective
strategies

15 Understanding of
financial costs

Has skills in corporate cost analysis and financial
operations

16
Business
development
capabilities

Is able to raise the company’s value and pursue
growth through strategic partnerships, product
development, and business development

17 Production or
R&D capabilities

Has capabilities in product R&D or production line
management

18 Innovation
management

Is able to motivate organization members to engage in
knowledge innovation, technology updates, and
product transformation processes and be willing to
break the mold and accept challenges in the face of
potential future problems

Adaptability
(19 to 22)

19 Stress
management

Is able to prevent negative effects on individuals and
teams and maintain personal, physical, and
psychological health and normal organizational
performance when under high levels of pressure from
the organization’s operational process

Drucker [22];
Lee [24];
Chang and Huang [32];
Mintzberg [34]

20 Perseverance in
responsibility

Is able to assume responsibility and make
improvements when faced with difficulties in the
company’s business operations

21 Crisis response
capabilities

Is able to address difficulties when the company is
threatened by challenging events and lead the
organization to seek responses that do not cause chaos

22
Organizational
communication
skills

Communicates and exchanges opinions with other
members of the organization to develop a consensus,
coordinate actions, and meet demands to achieve
organizational goals
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Figure 3. Research framework.

3.2. Fuzzy Set Theory

Bellman and Zadeh [41] argued that in every environment, an overwhelming majority
of decision processes are filled with uncertain circumstances and limitations. Chen and
Hwang [42] also explained that the decisions we make in fuzzy environments are typically
subjective and uncertain, and the main reasons include “the information is unquantifi-
able”, “the information is incomplete”, and “the information cannot be disclosed”. To
address these types of problems, University of California, Berkeley Professor Zadeh [43]
proposed using mathematical models for fuzzy decision-making in an attempt to represent
fuzzy phenomena in the real world quantitatively. This theory changed the tradition-
ally two-dimensional crisp sets with membership values ranging from 0 to 1. Al-Najjar
and Alsyouf [44] indicated that fuzzy logic can be used to represent and process prob-
lems that are fuzzy, unclear, or lack sufficient information to improve the accuracy of
decision-making evaluations.

This study involves simplified fuzzy calculations, the selection of triangular fuzzy
numbers, and the integration of expert opinions to represent fuzzy semantics [45].

3.2.1. Triangular Fuzzy Numbers

Triangular fuzzy numbers are expressed as M(l, m, u), in which l ≤ m ≤ u. When 0 is
greater than l, M is considered a positive triangular fuzzy number, and the membership
function of the positive triangular fuzzy number T is µa(x). The membership function is
defined as follows [46] and depicted in Figure 4:

UA(x0) =


(x− l)/(m− l), l ≤ x ≤ m
(x− u)/(m− u), m ≤ x ≤ u
0, other
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Figure 4. Triangular fuzzy number.

In this equation, l, m, and u represent the smallest, mean, and greatest possible values
in the fuzzy event. Figure 4 indicates how triangular fuzzy numbers are expressed.

3.2.2. Fuzzy Number Calculations

Zimmerman [47] proposed that the nature and expansion principles of a fuzzy number,
assuming two triangular fuzzy numbers, are expressed as M1 =(l1, m1, u1) and M2 = (l2,
m2, u2); therefore, the fuzzy calculations are as follows:

Addition: M 1⊕M2 = ( l1 +l2, m1+ m2, u1+ u2)
Subtraction: M1 Θ M2 = ( l1 − l2, m1 − m2, u1 − u2)
Multiplication: M1⊗M2 = ( l1 × l2, m1 × m2, u1 × u2)
Division: M1/M2= ( l1/l2, m1/m2, u1/u2)

3.2.3. Semantic Variables

Chang [48] argued that semantic variables are fuzzy sets that are used in designated
fields to describe natural language. In this manner, narratives in natural languages can be
classified into logical narratives through logical reasoning. Semantic variables use words
or sentences as values, rather than numerical values. Semantic variables can appropriately
express an assessor’s subjective judgments and are used to process ambiguous messages.
These semantic variables are used to express an assessor’s perception of certain matters.
Figure 5 displays the semantic variables scale, with converted semantic words into fuzzy
semantic variables, which are indicated by fuzzy numbers with interval values; Table 7
presents the fuzzy semantics scale comparing relative importance. However, respondents
have disparate views on importance, and the semantic values should be determined by the
respondents according to their preferences. Figure 6 displays the respondents’ subjective
perceptions of the semantic values which can be confirmed beforehand with a questionnaire,
and then a triangular fuzzy number can be built according to the respondents’ perceived
values [49].

Table 7. Fuzzy semantics scale comparing relative importance.

Scale Semantic Value Triangular Fuzzy Number

1 Disagree strongly (0.1,0.1,0.3)
2 Disagree (0.1,0.3,0.5)
3 Neutral (0.3,0.5,0.7)
4 Agree (0.5,0.7,0.9)
5 Strongly agree (0.7,0.9,0.9)
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Figure 5. Semantic variables scale.

Figure 6. Converting the respondents’ semantic values into fuzzy numbers.

3.3. Fuzzy Delphi

Fuzzy Delphi is a method of using questionnaires to survey expert predictions and
was first proposed by Murray et al. [50] to address problems with ambiguity in the conven-
tional Delphi method by incorporating fuzzy theories. Klir and Folger [51] incorporated
generalized means into the Delphi method, and they then used expert surveys to construct
triangular fuzzy functions, using geometric functions to represent the expert panel values.
The study results indicated that the researchers reached a consensus on the threshold
values for selecting appropriate evaluation factors.

Ishikawa et al. [52] further used the distribution of cumulative frequencies and con-
cepts of fuzzy integrals to integrate expert opinions into fuzzy numbers. This process is
known as fuzzy Delphi.

3.3.1. Constructing Triangular Fuzzy Numbers

With reference to the use of triangular fuzzy functions by Hsu [53] to integrate the
opinions of experts, a fuzzy Delphi computing architecture was constructed using the
greatest and smallest values in the expert opinions as the two ends of the triangular
fuzzy number. The geometric mean value represented the consensus among the majority
of experts in the decision-making process. Huang et al. [54] proposed that triangular
fuzzy numbers can effectively reflect the fuzzy values of quantitative data and language
approximation concepts, with higher stability and representativeness in small samples.

Using Equations (1)–(4), triangular fuzzy numbers (Figure 7) were built for each
influencing factor from the assessed values of each criterion in the expert survey.

Ã = (LA , MA, UA
)

(1)
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LA = min(XAi), i = 1, 2, 3 . . . , n (2)

MA = n
√

XA1 × XA2 × . . .× XAn (3)

UA = max(XAi), i = 1, 2, 3 . . . , n (4)

XAi: The value of factor A as assessed by decision maker
LA: The minimum assessed value of factor A by the decision group (lower bound)
MA: The geometric mean of the assessed value of factor A by the decision group
UA: The maximum assessed value of factor A by the decision group (upper bound)
A: Influencing factor
i: Decision maker
Ã: Fuzzy number of the importance of influencing factor A

Figure 7. Diagram of a triangular fuzzy number (decision group consensus).

3.3.2. Defuzzified Numbers

The method proposed by Teng and Tzeng [55] that is based on the center of the
triangle, also known as the center of gravity (COG) method, was used to determine the
defuzzified values of the triangular fuzzy numbers calculated in the prior step. If the
defuzzified value is SA, it is calculated with the following equation:

SA =
(MA − LA) + (UA − LA)

3
+ LA (5)

3.3.3. Selecting Indices

Finally, fuzzy Delphi uses the defuzzified values from the previous step to filter and
select indices. According to the threshold value T set by the researchers, more favorable
evaluation criteria can be selected out of all the factors. In this study, the arithmetic mean
of every expert was used as the threshold value; the calculations were as follows:

1. If SA ≥ T, then factor A is accepted as an evaluation index
2. If SA < T, then factor A is eliminated

3.4. Fuzzy DEMATEL

First developed by the Geneva Research Centre of the Battelle Memorial Institute
in 1973, the decision-making trial and evaluation laboratory (DEMATEL) can be used to
effectively analyze complicated causal relationships. In addition, by testing the degrees of
influence between factors, DEMATEL can determine the causal relationships and strengths
of influence among factors using matrices. Because of environmental uncertainties and
semantic ambiguity, Lin and Wu [56] introduced fuzzy theories into DEMATEL to create
fuzzy DEMATEL, which involves steps requiring the experts to first set the fuzzy semantic
values (0–9), followed by the analysis of the defuzzified and normalized results.

When mutual factors are involved, five degrees of mutual influence are observed
among the respondents’ subjective values in terms of the semantics: no influence, low
influence, medium influence, high influence, and very high influence [57]. The triangular
fuzzy numbers are demonstrated in Figure 8.
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Figure 8. Fuzzy DEMATEL triangular fuzzy numbers.

3.4.1. Establishing the Direct-Correlation Matrix

After paired tests of the criteria are performed, the initial fuzzy direct-correlation
matrix can be obtained.

Z̃=

C1
C2
...

Cn


0̃ z̃12

z̃21 0̃
· · · z̃1n
· · · z̃2n

...
...

z̃n1 z̃n2

. . .
...

· · · 0̃


3.4.2. Establishing and Analyzing the Structural Model

The linear scale was converted into a normalized equation, which was used to convert
the criteria scale into a comparable scale, as follows:

ãij =
n

∑
j=1

z̃ij =

(
n

∑
j=1

lij ,
n

∑
j=1

mij ,
n

∑
j=1

rij

)

In this, r = max
(

max1≤i≤n

(
∑n

j=1 rij

)
, max1≤j≤n

(
∑n

i=1 rij
))

3.4.3. Normalizing the Fuzzy Direct-Correlation Matrix

By using X̃, the normalized fuzzy direct-correlation matrix can be obtained:
X̃ = r−1 ⊗ z̃, therefore

X̃ =


x̃11 x̃12
x̃21 x̃22

· · · x̃1n
· · · x̃2n

...
...

x̃m1 x̃m2

. . .
...

· · · x̃mn

 and x̃ij =
z̃ij

r
=

( lij
r

,
mij

r
,

rij

r

)

3.4.4. Fuzzy Total-Influence Matrix

After the normalized direct-correlation matrix is obtained, the total-influence matrix
can be determined using the following equation:
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T̃ = X̃ + X̃2 + . . . + X̃k

= X̃
(

I + X̃ + X̃2 + . . . + X̃k−1
)

= X̃
(

I + X̃ + X̃2 + . . . + X̃k−1
)(

I − X̃
)(

I − X̃
)−1

= X̃
(

I − X̃
)−1

, when lim
k→∞

X̃k = [0]nxnT̃

=


t̃11 t̃12
t̃21 t̃22

· · · t̃1n
· · · t̃2n

...
...

t̃m1 t̃m2

. . .
...

· · · t̃mn

 and t̃ij =
(

l′′ij , m′′ij , r′′ij
)

[
l′′ij
]
= X̃I

(
I − X̃I

)−1[
M′′

ij

]
= X̃m

(
I − X̃m

)−1[
r′′ij
]
= X̃r

(
I − X̃r

)−1

3.4.5. After the Row and Column Sums Were Defuzzified to Determine the Row and
Column Values, They Were Defined As d and r

T =
[
tij
]
, i, j ∈ {1, 2, . . . , n}d = (di)n×1=

[
n

∑
j=1

tij

]
n×1

; r =
(
rj
)′

1×n =

[
n

∑
i=1

tij

]′
1×n

A diagram of the causal relationships among the criteria can be drawn by calculating
d + r and d − r. The strength of the influence between d + r criteria is also known as the
centrality, with a greater value indicating a stronger influence; by contrast, d − r represents
the influence relationship between criteria and is also known as the causality. This is used
to represent the different degrees to which criteria influence and are influenced. When
d − r is a negative value and when the value is lower, this indicates that the criterion is an
effect that is influenced by other criteria [58].

3.5. Fuzzy DEMATEL-Based Analytic Network Process

The DEMATEL-based analytic network process (DANP) uses DEMATEL to confirm
the different degrees of influence among the criteria. Using the “dynamic influence relation-
ship and importance” implied in the DEMATEL total-influence matrix and continuously
multiplying the matrix, the stable results of the convergence among the assessment at-
tributes were determined. This approach is the same as the concept of using a questionnaire
to confirm criteria impact and importance in an analytic network process.

With reference to the DANP framework proposed by Hu et al. [59], the fuzzy DEMA-
TEL total-influence matrix was transformed into a fuzzy DANP (F-DANP) group priority
matrix, which was then normalized and self-multiplied until convergent. The results were
then defuzzified using COG to determine the criteria weights.

3.6. Fuzzy Technique for Order of Preference by Similarity to Ideal Solution

Technique for order of preference by similarity to ideal solution (TOPSIS) is a multiple
criteria decision-making method developed by Hwang and Yoon [60]. It is applied in sce-
narios with a high degree of certainty by simultaneously comparing the relative distances
of the decision plan with the optimal plan and the poorest plan to rank the decision plans
from best to worst. In this study, fuzzy theories were integrated with TOPSIS to rank the
criteria for appointing division managers. The criterion weights used in the calculations
were derived from the F-DANP results, which were the basis for correcting shortcomings
in the subjective determination of weights in TOPSIS.

The process is as follows.
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1. Convert the decision-making problem into a fuzzy rating matrix

Ãk
n×m =


ãk

11 ãk
12

ãk
21 ãk

22

· · · ãk
1m

· · · ãk
2m

· · · · · ·
ãk

n1 ãk
n2

· · · · · ·
· · · ãk

nm


ãij =

(
∑R

k=1 Lk
R , ∑R

k=1 Mk
R , ∑R

k=1 Uk
R

)

Ãn×m =


ã11 ã12
ã21 ã22

· · · ã1m
· · · ã2m

· · · · · ·
ãn1 ãn2

· · · · · ·
· · · ãnm


Here, the performance of plan i under criterion j is aij. If the decision-making problem
has n number of candidate plans (i = 1, 2, . . . , n) and m number of assessment
criteria (j = 1, 2, . . . , m), then the semantic variable is the score of the plan under the
criterion performance to obtain the fuzzy rating matrix of the kth expert (ÃK). The
semantic variables and scales were based on the method proposed by Buckley [61]
for calculating the fuzzy ratings of the expert decisions (Figure 9).

2. Set the fuzzy weights of each assessment criteria to determine the fuzzy weight
decision matrix

Ṽij = Wj Ã =


ṽ11 ṽ12
ṽ21 ṽ22

· · · ṽ1m
· · · ṽ2m

· · · · · ·
ṽn1 ṽn2

· · · · · ·
· · · ṽnm


The clear criterion weights determined using F-DANP are used to calculate the
TOPSIS weights. WJ = [W1, W2,...,Wm]

3. Set the fuzzy positive ideal value and negative ideal value of each criterion

Ã+ =
{

ṽ+1 , ṽ+2 , . . . , ṽ+m
}

, where j = 1, 2, . . . , m

Ã− =
{

ṽ−1 , ṽ−2 , . . . , ṽ−m
}

, where j = 1, 2, . . . , m

4. Calculate the distances between each plan and the positive ideal value and negative
ideal value Using fuzzy TOPSIS (F-TOPSIS), when choosing any two fuzzy numbers—
(L1, M1, U1) and (L2, M2, U2) in this case—with D as the distance, the equation is
as follows:

D =

√
(L1 − L2)

2 + (M1 −M2)
2 + (U1 −U2)

2

3

5. The distance to the positive ideal solution and the distance to the negative ideal
solution can then be determined

D+
i =

m

∑
j=1

D
(

ṽij, ṽ+j
)

, i = 1, 2, . . . , n

D−i =
m

∑
j=1

D
(

ṽij, ṽ−j
)

, i = 1, 2, . . . , n

6. Calculate and rank the relative closeness (RC) with the ideal solutions to determine
the optimal solution; the equation is as follows:

RCj =
D−j

D+
j + D−j

7. The solution with the greatest distance from the negative ideal solution is the optimal
solution; therefore, the greater the RC value is, the more favorable the solution is, and
each solution is ranked by its RC value to determine the optimal solution.
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Figure 9. Relationships between semantics and triangular fuzzy numbers.

4. Empirical Analysis

The purpose of this study was to construct a model for assessing division manager
candidates, verified against Taiwan’s manufacturing industry, and to determine successors
within organizations. The previous section provides details on the research method used
in this study. This section introduces actual cases and the use of F-TOPSIS to determine the
priority of the solutions and candidates.

4.1. Developing a Division Manager Competence Framework

In this study, the criteria and key factors for assessing division manager candidates
were developed on the basis of a literature review and assessments. Subsequently, using
fuzzy Delphi, 12 experts assessed and confirmed the framework and criteria.

4.1.1. Importance and Degree of Association

In accordance with fuzzy DEMATEL calculation steps, the direct-influence matrix
based on constructs and criteria was determined according to the fuzzy numbers L, M,
and U. Finally, after COG defuzzification, the fuzzy total-influence matrix of the constructs
and criteria was obtained (Table 8); Table 8 shows senior executive competence and a two-
way relationship with senior executive traits. Subsequently, using the fuzzy DEMATEL
method of Lin and Wu [55], the importance and degree of association of each criterion was
determined (Table 9, Figure 10).

4.1.2. Determining the Weights of the Division Appointment Criteria

Through F-DANP, the fuzzy weights of each criterion and the constructs were deter-
mined (Table 10) to form the basis for calculating the F-TOPSIS weights of the Divisional
Management Appointment Criteria.

Table 8. Fuzzy DEMATEL total-influence matrix of the defuzzified constructs.

Constructs

C1 C2 C3 C4

Senior Executive
Traits

Senior Executive
Competence

Professional
Competence Adaptability

C1 Senior executive traits 0.478 0.693 0.784 0.882
C2 Senior executive competence 0.695 0.662 0.951 1.087
C3 Professional competence 0.530 0.683 0.556 0.760
C4 Adaptability 0.527 0.631 0.658 0.589
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Table 9. Importance and causality of each criterion.

T D R D + R D − R

A1 Engagement 6.31 5.66 11.98 0.65
A2 Team heterogeneity 7.53 7.47 15.00 0.05
A3 Emotional management 6.49 6.70 13.19 −0.22
A4 Leadership charisma 6.79 7.43 14.22 −0.64
A5 Strategic thinking skills 7.15 7.51 14.67 −0.36
A6 Leadership abilities 7.80 7.25 15.05 0.55
A7 Analytical and decision-making abilities 7.15 7.26 14.41 −0.11
A8 Problem-solving abilities 7.64 7.41 15.05 0.22
A9 Business negotiation abilities 7.62 7.38 15.00 0.24

A10 Industry analysis capabilities 6.58 6.40 12.98 0.19
A11 Business development capabilities 7.76 6.04 13.79 1.72
A12 Innovative management 5.24 5.80 11.04 −0.56
A13 Stress management 6.84 7.57 14.40 −0.73
A14 Perseverance in responsibility 6.11 6.97 13.08 −0.85
A15 Crisis response capabilities 6.59 7.02 13.61 −0.44
A16 Organizational communication skills 7.39 7.11 14.50 0.28

Figure 10. Network of influences.
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Table 10. F-DANP criteria weights.

Criteria Weights Construct Weight Rank

A1 Engagement 0.0479

Senior executive traits 0.2454 3
A2 Team heterogeneity 0.0696
A3 Emotional management 0.0597
A4 Leadership charisma 0.0683
A5 Strategic thinking skills 0.0701

Senior executive competence 0.2725 1
A6 Leadership abilities 0.0664
A7 Analytical and decision-making abilities 0.0667
A8 Problem-solving abilities 0.0693
A9 Business negotiation abilities 0.0680

Professional competence 0.2201 4
A10 Industry analysis capabilities 0.0548
A11 Business development capabilities 0.0504
A12 Innovative management 0.0469
A13 Stress management 0.0708

Adaptability 0.2620 2
A14 Perseverance in responsibility 0.0624
A15 Crisis response capabilities 0.0638
A16 Organizational communication skills 0.0650

4.2. Selecting a Plan

The division manager appointment assessments were ranked according to F-TOPSIS
and manager selection plans in the literature on the division functions; the assessed
managers were from the business, R&D, production, and administrative divisions. On the
basis of these calculations, the distances from the fuzzy positive ideal solutions and fuzzy
negative ideal solutions and the solution preferences were determined (Table 11).

4.3. Discussion

In business management, division managers typically must be equipped with di-
versified competences. To oversee products from R&D to market release and ensure the
products’ market competitiveness, these competences further appear to be mutually sup-
portive. As demonstrated by the constructs in the total-influence matrix in Table 8, senior
executive competence has a direct influence relationship on professional competence and
adaptability and a two-way relationship with senior executive traits. As such, in the
development of division managers, companies can prioritize the use of senior executive
competency courses in education and training to improve the division managers’ abilities
to promote the operations of their departments.

In criterion importance (d + r), the top four rankings were leadership abilities, business
negotiations, problem-solving, and team heterogeneity. This indicates that the greater the
influence of the strength of the factor, the greater the degree and importance of the influence.

As such, for appointment assessments in the division, the criterion with the most
importance points to “leadership abilities” as the most important factor. This indicates that
a company, when selecting the manager of any department, especially a senior executive
of a department in a product division, is inclined to appoint managers with leadership
capabilities. If the replacement manager’s abilities are insufficient, according to the iceberg
model of competency proposed by Spencer and Spencer [27], the potential competencies
in the bottom half of the iceberg, which include self-concept, traits, and motive, can be
obtained or increased through different combinations of training and development, work
conditions, and organizational environment.

The causality of correlations among criteria (d − r) demonstrated the following:
business development capabilities had the greatest value as an active influencer that affected
others. The greater the value is, the greater the direct influence of this factor on other factors.
Therefore, business development capabilities can demonstrate its influence on other related
criteria in a division manager’s competence, as market development is a major performance
index in the growth of a division. Having business development capabilities influences
communication skills, problem-solving, business negotiation, and stress management. If a
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manager’s business development capabilities are improved, the performance of other
related criteria can be improved simultaneously.

Table 11. Distance from positive and negative ideal solutions and solution preferences.

Business Manager R&D Manager Production
Manager

Administrative
Manager

FPIS FNIS FPIS FNIS FPIS FNIS FPIS FNIS

A1 0.005 0.031 0.032 0.000 0.006 0.028 0.006 0.030

A2 0.022 0.012 0.000 0.025 0.019 0.008 0.023 0.009

A3 0.000 0.019 0.019 0.000 0.010 0.015 0.019 0.000

A4 0.000 0.043 0.043 0.000 0.012 0.008 0.012 0.008

A5 0.000 0.023 0.014 0.000 0.023 0.036 0.018 0.036

A6 0.000 0.042 0.042 0.000 0.000 0.007 0.042 0.007

A7 0.000 0.024 0.024 0.000 0.024 0.036 0.024 0.036

A8 0.007 0.029 0.000 0.000 0.029 0.038 0.029 0.038

A9 0.000 0.053 0.053 0.000 0.053 0.008 0.028 0.008

A10 0.000 0.043 0.023 0.000 0.043 0.006 0.023 0.006

A11 0.000 0.044 0.044 0.000 0.044 0.006 0.044 0.006

A12 0.012 0.033 0.000 0.000 0.023 0.005 0.033 0.005

A13 0.000 0.014 0.014 0.000 0.008 0.039 0.014 0.039

A14 0.000 0.013 0.013 0.000 0.013 0.032 0.011 0.032

A15 0.000 0.040 0.040 0.000 0.014 0.007 0.011 0.007

A16 0.007 0.022 0.022 0.000 0.009 0.029 0.012 0.029

di+ 0.053 0.384 0.329 0.347

di− 0.486 0.025 0.307 0.296

RC 0.901 0.062 0.483 0.460

RANK 1 4 2 3

When the causality (d − r) is negative, greater negative values indicate greater degrees
of influence. In this study, perseverance in responsibility and stress management were
demonstrated to be the two items with the greatest negative values and were clearly found
to be easily affected by other criteria. This indicates that the increase or decrease in manager
competence has a relative influence on the stress and responsibility that the manager bears.

The criteria network diagram can be analyzed as follows:

1. Leadership abilities: we found that in relationship networks that tended to be centered
around leadership abilities, the relative influence of the division manager’s leadership
abilities on other criteria is high. This indicates that companies prioritize leadership
abilities as a standard for assessing division manager candidates.

2. Problem-solving abilities: problem-solving abilities and leadership abilities have a rela-
tionship of mutual influence. When a manager has strong problem-solving abilities,
their organizational leadership abilities would also benefit. Conversely, when a man-
ager has strong leadership abilities, they tend to be adept at addressing problems
encountered in the company operations.

3. Organizational communication skills: organizational communication skills were found to
have a relative influence on business development capabilities and engagement. Managers
who have communication skills and use those skills to increase customer relationships
in business, can exceed expectations by cooperating with staff of all levels in the
organization and gaining their recognition.
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4. Team heterogeneity: a higher heterogeneity in the division manager suggests a certain
influence on product innovation abilities. These managers may even develop new
products with market differences.

Construct and criterion weights: the key considerations in division manager appoint-
ments can be observed in the known importance among the weights in Figure 10. Among
the constructs, senior executive conceptual competency and adaptability have greater
weights, with senior executive competence having the highest value (0.2725). However,
senior executive competence cannot be improved immediately; the knowledge, percep-
tion, and thinking domains require the comprehensive integration of experience and
management concepts. As such, learning management concepts and knowledge through
on-the-job business administration courses or outsourced training can reinforce managers’
management competence and improve their leadership and organizational capabilities.
The training is typically focused on criteria relating to heterogeneity, strategic thinking,
business negotiations, and problem-solving abilities. This demonstrates that a division
manager’s uniqueness in thinking is critical, and the behavioral patterns exhibited through
their thinking allow them to lead the organization and create profits for the company.

From the 24 prototype criteria, threshold values for key factors were established after
the experts’ review of questionnaires, and then 16 criteria with higher values were selected
for discussion. During this process, it was found that the four criteria that are highlighted
in the original construction, including the level of education, open honesty, teamwork, and
understanding of financial costs, were not incorporated into the final discussion. However,
the item level of education proved to be necessary but not a must for senior executives,
and the item open honesty is also one of the principles to be followed by staff in the
workplace. Among the characteristics of senior executives, especially those responsible
for organizational operations, most experts tend to ignore the integrity while emphasizing
leaders’ rigorous thinking mode under market competition. That means leaders will not
easily let others figure out their thoughts. As the highest person in charge of products,
division managers often compete with other business divisions within the organization,
so they do not attach importance to teamwork. In addition, the understanding of financial
costs only needs to show its concept rather than be highly valued, and the professional
field is handled by professionals as support.

In ranking the assessment plans when appointing division managers, the following
is true: the order of importance of the functional departments in the candidate rankings
according to the preferred solutions are the business, production, administration, and
R&D departments.

5. Conclusions and Suggestions
5.1. Conclusions

Typically, the study of the organizational plan of a company is not performed in a
static state. A company’s organizational plan is essentially its lifecycle; the company adjusts
its organization in response to the external environment, and as such, a more complicated
market competition environment requires a more rigorous organization.

The appointment of a division manager tends to be part of the expansion and growth
phase of a company’s lifecycle. In this phase, the appointment of a division manager is a
staffing matter requiring the company chairman’s and president’s attention. In Taiwan,
many publicly listed companies began by splitting off from a parent company; therefore,
division managers are appointed with more diligence than other staff managers. As the
potential head of finance and accounting, administration, or procurement, division man-
ager candidates are also assessed on multiple capabilities instead of a single expertise.
In this study, a multiple criteria decision-making method was used to investigate the basic
conditions for appointing division managers according to their functionality, management
competencies, and traits.

This study is different from the previous research, which focus on the qualifications
of predetermined candidates, because it shows the development process of selecting
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senior executives from a more professional perspective and pays attention to selecting
the best from different candidates. Meanwhile, the structure established in this study not
only displays the deficiencies in candidates’ abilities but can be used as guidance for the
organizations on training managers for leading different functional departments.

Faced with the topic of organizational management, most researchers are inclined to
analyze through a qualitative method when there is research among the characteristics of
potential senior executives, or the readiness and the qualifications of the successors. On the
one hand, these studies tend to interview the individual cases of companies and summarize
a consistent point of view as a reference for companies’ training of senior executives. On the
other hand, the discussion framework is more biased towards predetermined candidates as
well as the practical experience provided by interviewees in the same field, which cannot
avoid homogeneous thinking patterns in the same corporate environment. Therefore,
fuzzy-set-based research methods can be viewed as a more appropriate way to incorporate
expert opinions from various assessing sources. In sum, this study constructs a referral
appointment of division managers and highlights its weights among the key factors, in
order to provide a more specific reference for organizational development.

This study was based on fuzzy theories and involved multiple research processes
and the use of TOPSIS to determine the order of solutions. This ranking demonstrated a
preference for solutions prioritizing business managers for division manager. This also
indicates that the company’s attention to the markets in its operations, its product develop-
ment, management comprehensiveness, product efficiency, and financial robustness are all
major indicators of its operations. However, the business operator’s considerations and
the employees’ expectations are obviously focused on maximizing the company product’s
market share to achieve sustainable operations. This leads to improved remuneration or
job security for the employees, and to avoid losing market shares, which may lead to the
company being acquired, lay-offs, or the closure of a division because of loss of business.
This study indicates that for a division manager to effectively lead the team, the division
manager must have a diverse range of capabilities, which is why business managers were
ranked first in the criteria-based selection, followed by production managers. The prac-
tical verification also revealed that a renowned recruitment agency has the same views
on the appointment of presidents as those demonstrated in this study; Chin [62], in his
investigation, clearly stated that among the six types of business management—production
management, sales and marketing management, human resources management, R&D
management, financial management, and information management—employees with
backgrounds in sales and marketing or only marketing are the key to direct insight on
the company’s revenue because they are closer to the market. Relative to those in staff or
R&D departments, employees in line departments are more likely to qualify as corporate
successors. This view is consistent with our conclusion, as drawn through multiple criteria
research methods. Therefore, this study offers the following contributions:

1. A reference is provided for business operators or groups when appointing divi-
sion managers;

2. Guidance is provided on the core curriculum for division managers;
3. Correlations are revealed between division manager competencies and other compe-

tencies;
4. The appointment of division managers is examined; and
5. Fuzzy multiple criteria research methods are applied to elucidate the mechanisms for

appointing division managers.

5.2. Suggestions

The manager of a product division is key to the expansion of the company. However,
for the division manager to accomplish their objectives, team formation is critical, as divi-
sion managers must engage in teamwork with other staff to achieve the optimal results.
Future scholars can consider focusing on functional departments within a division and
using multiple criteria research methods to determine what organizational design and
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combination can improve operational efficiency, by examining various industry types or
functional departments. Moreover, this study was based on publicly listed manufacturers
in Taiwan. Whether the same correlations and importance as found in this study apply to
other industries is a topic for further research.
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