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Abstract: Although the importance of corporate social responsibility has received more attention
over the years, the goal of social sustainability has still not been achieved. The main reason is
that companies seeking to implement social sustainability, have failed to incorporate the concept
of corporate social responsibility into their corporate internal control objectives. Furthermore,
studying the interactive relationship between corporate social responsibility and internal control
and ensuring the consistency of corporate strategy and internal control objectives are done to help
promote the sustainable development of enterprises. In order to promote social sustainability and
improve management decision-making gaps, therefore, the purpose of this paper is to develop a
new hybrid multi-attribute decision model to assess the impact of corporate social responsibility for
the implementation of internal control that includes corporate social responsibility. The empirical
results show that a social responsibility-oriented internal control system may be a better strategy
than maintaining the original internal control objectives. In addition, by adjusting the internal
control system to jointly promote the sustainable development goals of the company and ensure
the consistency of corporate strategy and internal control objectives, the company can be truly
guided to implement the social responsibility management objectives. Finally, the social sustainable
development goals can be truly realized, and the interests of all stakeholders in the enterprise can be
truly satisfied.

Keywords: sustainability performance; corporate social responsibility (CSR); internal control;
multi-attribute decision model (MADM); decision making trial and evaluation laboratory
(DEMATEL); DANP (DEMATEL based ANP); VIKOR

1. Introduction

In recent years, there have been many examples of the undesirable effects of the neglect of
corporate social responsibility around the world, such as the BP oil spill in the Gulf of Mexico,
and the fraud scandals created by some of the world’s largest automakers, such as Volkswagen,
and Mitsubishi Motors, involving the falsification of diesel vehicle emissions data and fuel consumption
tests. These events not only caused major financial loss to the companies, but also affected the interests
of other interested parties, and even caused damage to the company’s goodwill and corporate image,
as well as seriously endangering sustainable development. Clearly, attaching importance to corporate
social responsibility is an important issue that cannot be ignored in current business operations.
In addition to requiring the company to actively implement relevant internal controls to prevent similar
incidents from happening again, society also requires the company’s stakeholders to take responsibility
and perform corporate social responsibility work to meet the expectations of stakeholders.

The purpose of internal control is to promote sound company operations, to ensure reasonable
effectiveness and efficiency of these operations, and reporting on the reliability, timeliness, transparency
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and compliance with the relevant laws and regulations as well as other goals [1]. Sound internal
controls will not only improve the company’s operating efficiency, but also reduce the risk. If the
company incorporates corporate social responsibility principles into its internal control objectives,
effective implementation of the internal control system will be able to meet the expectations of
stakeholders and avoid major incidents of neglect of corporate social responsibility, resulting in
significant company losses [2]. Therefore, strengthening the internal control to cope with various issues
and leading companies to attach importance to social responsibility is the most important problem
encountered by the current society.

In the past, the focus in the stakeholders’ analysis of company performance has been on
the financial performance aspect, neglecting non-financial information. The current objectives
of the Committee of Sponsoring Organizations (COSO) are focused only on the achievement of
operational effectiveness and efficiency, reporting reliability, and compliance with relevant laws and
regulations. In other words, the COSO framework lacks the relevant connotations of corporate social
responsibility [3–7]. Finally, although the company’s internal control objectives may be immediately
achieved, the results may not necessarily meet societal expectations or those of stakeholders. Therefore,
given the current trend of attaching greater importance to corporate social responsibility, the three
major objectives of COSO have been unable to meet the needs of stakeholders. It can be seen that
the company must first make a good assessment of risks. They must also establish a sound internal
control system, in which corporate social responsibility-oriented internal control is an important key
to societal sustainability.

Moreover, the success of social sustainability is largely dependent on successful implementation
of an internal control system which integrates all aspects of the organization into a series of
activities aimed at reaching sustainable objectives [8,9]. Therefore, based on the existing two areas
of internal control and corporate social responsibility, this paper will introduce the internal control
system of corporate social responsibility orientation with the concept of balanced scorecard. Finally,
the multi-criteria decision-making model is used to analyze the performance of this sustainable internal
control system. The main purpose of combining the decision-making trial and evaluation laboratory
(DEMATEL) and the analytical network process (ANP) methods is to determine the importance of each
criterion and the interrelation among them. The VlseKriterijumska Optimizacija I Kompromisno
Resenje (VIKOR) method is used to evaluate the overall performance gap in the sustainability
performance for the empirical cases and identify and prioritize improvement strategies [10]. Based on
this framework, senior management can further not only understand the priority and relationship
of the company’s corporate social responsibility (CSR)-oriented internal control objectives, but can
also reduce performance gaps between current levels of social sustainability and the expectations
of stakeholders.

2. Literature Review

2.1. The Importance of Corporate Social Responsibility

The topic of corporate social responsibility (CSR) continues to be of interest to researchers. It has been
debated in the management literature for more than 50 years (e.g., [11–13]). Although consensus on a
precise definition has yet to be found, it is widely accepted that CSR refers to the responsibility of an
enterprise for the environment, social mores and quality of governance of its operations [14–16]. That is,
while the company is producing profits, it also has to assume social responsibility for all stakeholders
to achieve the ideals of economic prosperity, social welfare and sustainable environmental protection.

In recent decades, firms engaging in CSR have thus exhibited philanthropic and socially
responsible business practices beyond the pursuit of economic self-interest and compliance with
the law [17,18]. According to the World Business Council for Sustainable Development (WBCSD),
corporate social responsibility requires a company’s continued commitment to comply with ethical
norms in its operations, while contributing to economic development, as well as improving the quality
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of life of employees, their families, local communities and society as a whole. A growing body of
literature suggests that an organization’s involvement in CSR policies and practices tends to contribute
not only to improvement of financial outcomes at the organizational level, but also to nonfinancial
outcomes such as the firm’s reputation in the eyes of its consumers and its attractiveness to investors
by satisfying external stakeholders’ expectations [19–22].

Recalling the evolution of corporate social responsibility suggests its importance. Modern
companies are also actively making CSR efforts for the benefit of various stakeholders [23–25].
However, the company must somehow consider the interests of various stakeholders and implement
actions into the management of the company to meet stakeholder expectations. Wood [26] (1991)
has pointed out that managers have some discretion into which projects to devote their energy to.
Information about the direction the manager takes can tell us much about the company’s goals,
the company’s vision, and whether the company’s responsibilities can be realized [27,28]. It can be
seen from this that whether corporate social responsibility can be concretely realized requires the
design, planning, and management of related systems. The goal is not simply to engage in empty talk,
but also to have the opportunity to achieve concrete realization.

2.2. Improving Internal Control and Strengthening Corporate Social Responsibility

Modern concepts of internal control emerged in the 1940s. After more than half a century of
theoretical research and practical exploration, efforts have gradually consolidated to form a series
of relatively systematic and feasible internal control frameworks and guidelines. According to
the internal control framework of the international COSO organization, the objectives of internal
control are nothing more than business objectives, reporting goals, compliance goals, and strategic
objectives [29,30]. The different definitions of “internal control” can include the elements for the control
of the internal environment, risk assessment, control activities, information and communication,
and internal supervision [31,32]. The latest enterprise risk management integration framework further
refines the monitoring of risks. From this we can realize that internal control theory has undergone
five stages of internal control, internal control, internal control structure, internal control integration
framework, and enterprise risk management integration framework [33,34]. The overall internal
control development process is not a big bang, but a gradual process of theoretical development.
It constantly absorbs new content in accordance with changes of the control environment over time.

In the past, internal control focused on the internal elements of the company, only emphasizing
the interests of internal relations, and often neglecting the common interests of people outside the
company [35,36]. As a consequence, the benefits of internal control were often limited to the interests
of internal stakeholders. The results might not only fail to meet societal expectations, but could
trigger a crisis because of differences in internal and external control for the company and sustainable
development of corporate society. Therefore, a single, static internal control architecture appears to no
longer be sufficient, but rather a more complex and dynamic internal control integration framework
incorporating a multitude of stakeholder expectations need to be embedded in the enterprise’s overall
strategic risk management architecture.

From the above, we can see that, due to the increasingly complex control environment, in order
for companies to meet the expectations of both internal and external stakeholders, internal control
objectives need to consider the interests of both internal and external stakeholders. A more
macroscopic perspective is required to meet the goal of corporate social responsibility as a social
institution. Such development would not only promote changes in the values of society and
stakeholders, but would also further improve internal control theory and control objectives [35].
The overall framework for internal control and enterprise risk management integration should not only
consider changes in the external environment of the company’s internal control, but also the risks of
incorporating corporate social responsibility [37,38]. It should also actively strengthen the integration
of corporate social responsibility and internal control objectives. Based on the perspective of corporate
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social responsibility, inspecting corporate internal control issues and establishing a CSR-oriented
internal control system are the fundamental guarantees for long-term corporate stability.

2.3. Practical Application of the Balanced Scorecard and Its Extension in Corporate Sustainability

The balanced scorecard, as conceived by Kaplan and Norton [39], is a systematic strategic
management system which provides a comprehensive framework for the evaluation of financial and
non-financial performance measures from finance, customer, internal business process, and learning
and growth perspectives. To reach a consensus on the overall strategy for development of a company,
the balanced scorecard approach can effectively integrate the four objectives, targets, and initial action
plans for design and implementation. The main purpose is to transform the company’s strategy into
concrete action plans to create a competitive advantage [40,41].

The balanced scorecard is also an advanced tool for performance measurement which divides
the strategy into four different perspectives on operational objectives. Appropriate performance
measures can be designed based on these four perspectives. Therefore, it not only provides enterprises
with all kinds of information necessary for effective operation, but also overcomes the complexity
and asymmetry of that information. More importantly, the indicators it provides to enterprises
are quantifiable, measurable, and assessable, which is conducive to comprehensive and systematic
monitoring and promotion of the company’s strategic and long-term goals.

Aside from being a performance evaluation framework, the balanced scorecard can also help
illuminate the driving forces of performance after a systematic analysis of the relevant factors required
to meet the intended strategy [39,42–44]. Furthermore, some extended balanced scorecard designs have
been developed to integrate the measurements of economic, social, and environmental factors in order
to evaluate corporate sustainability performance (e.g., [45–49]). Scholars and practitioners therefore
believe that the balanced scorecard is an appropriate tool for assessing the corporate sustainability
performance because it can integrate the economic, environmental, and social needs of key stakeholders
(e.g., [45,50–53]).

In addition, the balanced scorecard (BSC) is also an effective communication tool connecting
strategy and practice. The goals and assessment indicators used in the balanced scorecard are derived
from organizational strategy. It can translate the abstract vision of the organizational mission into
tangible, concrete, practical, clear and effective goals and measurement indicators. Among them,
in terms of the customer aspect, the BSC may need to consider all the various stakeholders that
need to be satisfied to attain corporate social responsibility, by consideration of the expectations and
vision of each stakeholder. The internal business process of the BSC is related to the organization’s
internal operational processes which the company needs to focus on and achieve in order to meet
the expectations of various stakeholders. In this regard, the BSC is not concerned with the mere
improvement of existing business processes, but with developing new internal business processes
based on the vision and expectations of stakeholders. Moreover, the aspect of learning and growth in
the BSC is related to the organization’s investment in the future which is needed in order to realize the
long-term interests and expectations of the various stakeholders, including measurement of employee
abilities, the organization’s value system and so on. Finally, the success of the organization in all
these aspects must be translated into financial success and the efficient use of resources. Therefore,
the BSC lists the financial goals of the organization and measures and whether the implementation
and execution of the strategy is contributing to the improvement of the final operating results.

The goals and measurement metrics in the BSC are interconnected. This link not only includes
causality, but also a combination of measurement of outcomes and measurement of the process leading
to the results, which ultimately reflects the success of the organization’s strategy. Compared with
traditional and short-term oriented performance evaluation models, the BSC can assist in performance
evaluation of the CSR-oriented internal control, because it focuses more on the various stakeholders’
interests, reflecting the need for sustainable corporate development [53,54] and the links between the
main sources of value and corporate strategy [43].
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2.4. A Discussion of Prior Literature

Internal control objectives are reflected by maximization of shareholder value as the axis.
The emphasis is on increasing the value of assets, to enhance the effect of economic efficiency and
other economic goals. At the same time, internal controls also need to take into account social goals
such as legal compliance and external stakeholder information needs, although consideration of the
interests of other stakeholders is not comprehensive.

Modern companies have recognized that common corporate and social trends are critical in
today’s business environment. In this regard, companies must incorporate the implications of CSR into
the goals and scope of the internal company control. At the same time, they must also combine internal
control with corporate social responsibility as a way to bring about mutual progress. For this purpose,
the goal of corporate internal control is expanded from the original three COSO goals to four major
goals with the inclusion of corporate social responsibility. The goal of corporate social sustainable
development can be considered complete, and the goals of internal control can be achieved under the
guidance of social responsibility.

When an organization commits itself to the development and implementation of activities related
to social responsibility, the company’s stakeholders perceive that the organization is fulfilling its social
responsibilities and is aligned with the common interests of stakeholders. Society is satisfied with
the performance of the organization. Employee recognition of the organization’s socially responsible
behavior indirectly impacts future performance and pursuit of excellence. The purpose of investment
in CSR is not only to improve the internal efficiency of the company, to achieve reliability, but also to
comply with related laws and regulations [55]. At the same time, social returns can also be expected
from corporate socially responsible behavior.

A study of the impact of the interaction of internal control coupled with CSR on corporate
performance by Zhu and Sun [56] showed that the main advantages of implementing CSR practices
for internal or external stakeholders affect the company itself, suppliers, government, employees,
and customers/stakeholders. Based on a review of the extant literature, we prepared and pre-tested
a questionnaire in consultation with domain experts. The questionnaire includes 4 dimensions and
12 important criteria. The integrated framework for an internal control system with innovative and
practical guiding CSR values is shown in Figure 1 and Table 1. It is hoped that a win-win relationship
between the enterprise and society will be realized.
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3. Methodology

3.1. Data Collection and Empirical Case

The dimensions and criteria of an internal control system that includes corporate social
responsibility for social sustainability are often not independent but rather affect and interact with
one another. As shown in Figure 1 and Table 1, we have collected a series of factors that can improve
the effectiveness of internal control with innovative and practical guiding values for CSR obtained
from the literature review and expert opinion. The four aspects having significant impact on the
implementation of this new CSR-oriented internal control socially sustainable system, four aspects
have a potentially significant impact are:

1. operational performance;
2. financial reporting;
3. regulatory compliance; and
4. corporate social responsibility.

Accordingly, the research process described in the paper is designed to include three phases:
the pre-test questionnaire, the official questionnaire and the application of the survey to empirical
cases. In the first phase, a pre-test questionnaire was designed to find a limited number of criteria from
a single perspective in order to ensure the validity of the pairwise comparison [57,58]. The eighteen
domain experts included 7 auditors of local CPA firms, 3 officials from the Financial Supervisory
Commission in Taiwan, 4 members of CSR policy committees in listed companies and 4 academicians
that specialize in internal control.

These domain experts all had a profound theoretical or practical understanding of the
sustainability of internal control or corporate social responsibility. Among the participants,
the 7 accountants had not only been involved in the actual case review of an internal control system
project for the past three years, but also had relevant experience in the preparation of corporate social
responsibility reports. They answered the pre-test questionnaire face-to-face in order to identify the
most important criteria from a pool of criteria drawn from prior studies.

The pre-test questionnaire responses were rated in the range from 0 to 10 with a high
score representing greater importance. The important criteria were selected based on triangular
fuzzy numbers (with a mean of 8 or above). The evaluation criteria for a corporate social
responsibility-oriented internal control system are shown in Table 1. The operational performance
aspect is affected by two criteria: effectiveness, and efficiency; the financial reporting aspect is
affected by three criteria: representational faithfulness, verifiability, and neutrality; the regulatory
compliance aspect is affected by three criteria: awareness of regulations, transparency of operations,
and compliance controls; the corporate social responsibility aspect is affected by four criteria: finances
or stewardship, customers/stakeholders, internal processes, and learning and growth.

In the second phase, the official questionnaire was formulated according to Table 1. Respondents
received instructions on how to complete the questionnaire before answering the questions.
Each subject spent 20–30 min completing the questionnaire. The respondents were either chief
executive officers or senior managers in Internal Control departments. A total of 178 survey responses
were retrieved: among the respondents, 59.6% were male and 84.3% had over 9 years’ work experience.
All of the respondents were based in Taiwan. Table 2 presents detailed information about the
survey participants.



Sustainability 2018, 10, 3382 7 of 27

Table 1. The evaluation dimensions and criteria of an internal control system that includes corporate
social responsibility for social sustainability in a new era.

Dimensions Criteria Description References

A. Operational
performance

a1 Effectiveness
Adequate to accomplish the
purpose; producing the intended or
expected result.

[35,36,55,59,60]

a2 Efficiency
Performing or functioning in the
best possible manner with the least
waste of time and effort.

B. Financial reporting

b1 Representational
faithfulness

Financial statements represent
reality or what actually happened
during the year

[36,61–63]
b2 Verifiability

Financial information is verifiable
when multiple, independent
measures are used to come up with
the same result.

b3 Neutrality Management prepares completely
unbiased financial statements

C. Compliance with
laws, regulations
and policies

c1 Awareness of Regulations
Ensure that they are aware of and
take steps to comply with relevant
laws, policies, and regulations

[64–66]c2 Transparency of
operations

(1) Easily detectable or transparent
(visibility), and (2) readily
understandable.

c3 Compliance controls
(assurance)

Adopting the use of consolidated
and harmonized sets of
compliance controls

D. Corporate social
Responsibility-oriented

d1 Finances or Stewardship
Views organizational financial
performance and the use of
financial resources

[17–22,67]

d2 Customers/Stakeholders

Views organizational performance
from the point of view of the
customer or other key stakeholders
that the organization is designed
to serve

d3 Internal processes

Views organizational performance
through the lenses of quality and
efficiency related to their own
products or services or other key
business processes

d3 Learning and growth

Views organizational performance
through the lenses of human capital,
infrastructure, technology, culture
and other capacities that are key to
breakthrough performance

In the third phase, we invited each of the aforementioned dual-experienced CPAs to provide a
case as an example for empirical analysis; which provided us with, in total, seven cases. The seven
case companies are listed companies that have been selected as Excellence in CSR in Taiwan. Next,
the CPAs were asked to assign linguistic values to the seven different cases for the twelve criteria for
the CSR-oriented internal control social sustainable system proposed in this study. The questionnaire
was designed to obtain performance values, which were very good, good, median, poor, and very
poor, which were transformed by scaling into the numbers: 100, 75, 50, 25, 0, respectively. Finally,
we use the weighted average method to calculate the individual scores of each company in different
indicators. In the meanwhile, the final values obtained can be applied by VIKOR to evaluate the
overall performance gap in empirical cases’ sustainability performance of CSR-oriented internal
control system.
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Table 2. Detailed information about interviewees.

Category Content N Percentage

Education level

Doctorate 5 2.8%
Master’s 72 40.5%

Undergraduate 93 52.2%
High School and Below 8 4.5%

Sex
Male 106 59.6%

Female 72 40.4%

Years of work experience in Internal
Control Department

<10 years 28 15.7%
10–15 years 62 34.9%
15–20 years 68 38.2%
>20 years 20 11.2%

3.2. Research Design and Operational Procedure of the Decision-Making Model

In prior studies, most hypothetical performance evaluation models consider the evaluation
dimensions and criteria to be independent. However, there are mutual interactions between the
evaluation dimensions and criteria [65,68]. Hwang and Yoon [69] noted that the MADM is able to
simultaneously consider multiple attributes of the research topic to help decision-makers evaluate
each alternative, to set priorities according to specific characteristics, and to finally select the best
solution. Nekhili et al. [70] also pointed out that the relationships between CSR and internal control
variables are more complex and less linear than many scholars have assumed. Therefore, MADM is a
very suitable technique that can be used to solve the dynamic problems that arise in the evaluation of
the social sustainability internal control performance in the real world.

In this approach, the DEMATEL (Decision Making Trial and Evaluation Laboratory) technique,
the DEMATEL-based Analytic Network Process (DANP), and the modified VlseKriterijumska
Optimizacija I Kompromisno Resenje (VIKOR) method are included. The multiple attribute decision
making (MADM) method combined with these three analytical techniques can not only prioritize
the criteria based on the intensity of their interrelations but also identify the root of the problem
to help formulate optimal improvement strategies, in turn facilitating effective resource allocation
and continuous, dynamic improvement targeting the needs of the sustainability objective of internal
control conditions.

The detailed operational procedure of the decision-making model is divided into three phases
based on the three analytical techniques. The calculations involved in each phase are illustrated in
Figure 2. First, the DEMATEL technique is used to construct an influential network relation map
(INRM) to show the relationships among these evaluation dimensions and criteria.

The DEMATEL technique was developed for the purpose of explaining specific societal problems
based on a network relation diagram and a structural model. The DEMATEL can clarify the
interrelations among criteria, thereby lifting the restriction imposed by the assumption in conventional
analytical techniques that the assessment criteria are independent of one another [71]. In addition,
DEMATEL can perform prioritization and standard selection despite conflicts among the attributes.
It can also use the ideal standard as a benchmark rather than a relative standard to avoid having
to select the best option out of a bad batch. Last, but not least, from the results obtained by
executing the DEMATEL one can propose improvement strategies systemically at the source of
the impacts. Therefore, these basic concepts are used to create a series of new hybrid MCDM models
to solve complex and dynamic real-world problems [72–75]. The details of DEMATEL are shown in
Appendix A.

After building an influential network relation map with DEMATEL, the DANP technique is
used to obtain the influential weights. First, the total influence matrix T was vertically partitioned
according to different dimensions. The criteria under each dimension are added up horizontally.
Afterward, each criterion in the partitioned matrix is divided by the horizontal sum of the dimension
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to which it belongs to obtain the normalized matrix Tα
C. Eventually, the limit supermatrix is computed

by multiplying the weighted supermatrix W by itself to achieve a convergent and stable matrix Wα.
The ANP combined with the DEMATEL can provide the DANP influential weights (also call the “global
weights”), thereby resolving the interdependence issue, making this technique more appropriate for
real world applications. The DANP is described in detail in Appendix B.

Finally, a modified VIKOR approach is adopted to evaluate the socially sustainable internal control
performance for continuous improvement. Opricovic and Tzeng [10] developed the VIKOR approach,
which solves MADM problems when conflicting criteria are present. The VIKOR method uses the class
distance function based on the idea of an aspired level to a worst level to rank all the solutions [76,77].
The modified VIKOR is not only applied to rank and select optimal alternatives but is also used
for performance gap improvement among the criteria and their dimensions, even for the overall
performance gap. Thus, this new model provides more accurate information about the gap between
the current sustainability performance in the empirical cases and the target level. This information
can help decision makers understand the sustainability performance in empirical situations covering
the range from the target level to the tolerable level for all dimensions and criteria. The details of the
modified VIKOR are presented in Appendix C.

A diagram of the socially sustainable internal control performance evaluation method is illustrated
in Figure 2.
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4. Empirical Analysis of Sustainable Internal Control Performance

This paper first discusses the relationship between the dimensions and criteria for sustainable
internal control performance obtained by using the DEMATEL technique, based on the questionnaire
results from domain experts. Second, the DANP method is used to determine the weights of
these evaluation criteria. Lastly, the author applies the influential weights calculated above for
empirical analysis of case studies and employs the modified VIKOR method to evaluate the overall
performance gap of the case companies’ sustainability performance and to identify priorities for
improvement strategies based on INRM. The results of DEMATEL for Analyzing the Relationships
Between Dimensions and Criteria are obtained as shown in Appendix D.

Zhu and Sun [56] concluded that there are several advantages to using a mixed multi-criterial
decision analysis model: DEMATEL can clarify the interrelations among criteria, thereby lifting the
restriction imposed by the assumption in conventional analytical techniques that the assessment
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criteria are independent of one another; prioritization and selection of criteria can be carried out
despite any conflicts among the attributes; using the ideal standard as the benchmark instead of a
relative standards one can avoid selecting the best option out of a bad batch; this model can be used to
systematically propose improvement strategies at the source of the impacts.

As shown in Table 3, the sum of the influence of each dimension and criterion can be derived by
applying Equations (A5) and (A6) in DEMATEL’s step 3. INRM in Figure 3 illustrates the influential
network-relationship from the 4 dimensions and the subsystem of the CSR-oriented internal control
system. According to the value of influence given di − ri, operational performance (A) is influenced
by reliable financial reporting (B), compliance with laws, regulations and policies (C), and corporate
social responsibility-oriented (D), because the di − ri value of operational performance (A) is negative
and a minimum (−1.263). The dimensions with positive values of di − ri have great influence on the
other dimensions. Meanwhile, the sum of the compliance with laws, regulations and policies (C) has
the highest value with di + ri (3.086) while the sum of operational performance has the lowest value
with di + ri (2.112).

The criteria with negative values of di − ri are greatly influenced by the other criteria.
A significantly positive value of di − ri represents that this criterion affects the other criteria much
more than the other criteria affect it, which means it should be given priority for improvement. In turn,
reliable financial reporting (B) is influenced by compliance with laws, regulations and policies (C) and
corporate social responsibility-oriented (D), whereas compliance with laws, regulations and policies
(C) is influenced by corporate social responsibility-oriented (D). Thus, to improve the dimension of
operational performance (A), improvements to reliable financial reporting (B), compliance with laws,
regulations and policies (C), and corporate social responsibility-oriented (D) should be emphasized.
In turn, to improve the dimension of reliable financial reporting (B), improvements to compliance
with laws, regulations and policies (C) and corporate social responsibility-oriented (D) should be
emphasized. Finally, it should be noted that corporate social responsibility-oriented (D) with a
maximum value of di − ri (1.309) has the most influence on the other dimensions. Therefore, Figure 3
illustrates the priority of influence of the four dimensions from four perspectives which are, in order
corporate social responsibility-oriented (D), compliance with laws, regulations and policies (C), reliable
financial reporting (B), and operational performance (A).

Table 3. Sum of the influences and ranking of each dimension and criterion.

Dimensions and Criteria (i) Row Sum (di) Column Sum (ri) di + ri di − ri Ranking

Operational effectiveness and efficiency (A) 0.424 1.688 2.112 −1.263
a1 Effectiveness 0.276 1.717 1.993 −1.442 1
a2 Efficiency 0.188 1.707 1.895 −1.519 2

Reliable financial reporting (B) 1.208 1.522 2.730 −0.314
b1 Representational faithfulness 0.981 1.694 2.675 −0.713 3
b2 Verifiability 1.436 1.704 3.140 −0.267 1
b3 Neutrality 1.251 1.666 2.917 −0.415 2

Compliance with laws, regulations and
policies (C) 1.677 1.409 3.086 0.269

c1 Awareness of regulations 1.647 1.353 3.000 0.294 1
c2 Transparency of operations 1.326 1.538 2.864 −0.213 3
c3 Compliance controls 1.633 1.465 3.097 0.168 2

Corporate social responsibility oriented (D) 2.147 0.838 2.985 1.309
d1 Financial or Stewardship 1.917 1.238 3.155 0.679 4
d2 Customer/Stakeholder 2.476 0.991 3.467 1.485 1
d3 Internal processes 2.064 1.207 3.271 0.857 3
d4 Learning and growth 2.177 1.092 3.270 1.085 2

Table 3 and Figure 3 show the results of the analysis of each criterion. It can be seen that in
the dimension of operational performance (A), effectiveness (a1) is the most important criterion
(di − ri = −1.442), whereas efficiency (a2) is the least influential (di − ri = −1.519). Management
that pursues efficiency will attach greater importance to maintaining internal stability and the status
quo; while management that pursues effects will attach more importance to external changes and
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pursues innovation. However, it is often difficult for companies to maintain a balance between
the two. In terms of the difference between “efficiency” and “effectiveness”, the former refers to
“do things right” while the latter refers to “do the right thing.” Now management is paying more
attention to effectiveness. The pursuit of effectiveness must be concerned with change. For corporate
social responsibility, companies can not only increase economic effects, but also attract additional
external benefits to the company. Thus, effectiveness is the most important criterion in the dimension
of operational performance.

In the dimension of reliable financial reporting (B), verifiability (b2) is the most important criterion
(di − ri = −0.267), whereas representational faithfulness (b1) is the least influential (di − ri = −0.713).
With consideration of cost-effectiveness and importance, for information to be faithfully expressed
or reasonably presented, it must be considered reliable. Whether or not it is reliable is determined as
follows: first of all, information must be verifiable, and accounting information must not be affected by
the personal biases of the measurer. Second, for the selection or disclosure of accounting principles or
policies, the accounting information generated should be crucial in nature. It should faithfully express
the economic reality rather than merely focusing on economic consequences. Accounting-related
information should not be manipulated. In this way, the information required by the internal control
system for planning, supervision, etc. can be obtained or revealed in a timely manner and provided
to all stakeholders. The effectiveness of the information and communication systems will affect the
effectiveness of the internal control systems.

In the dimension of compliance with laws, regulations and policies (C), awareness of regulations
(c1) is the most important criterion (di − ri = 0.294), whereas transparency of operations (c2) is the least
influential criterion (di − ri = −0.213). As part of a social organization, a company’s operations should
comply with the laws and regulations of the state and there is a basic obligation for the company to
fulfill its social responsibilities. Internal control, from the perspective of auditing, is meant to ensure
that enterprises fulfill basic social obligation. The starting point for internal control of auditing is to be
aware of relevant laws and regulations and to implement effective compliance control. Enterprises
spontaneously implement measures for internal control and strive to comply with national laws.
On the one hand, they want to reduce their own legal risks while on the other hand, fulfill their basic
corporate responsibilities and obligations to society. Through the establishment of coordinated internal
control mechanisms, enterprises can fulfill their contractual goals as well as their social responsibilities
for a harmonious society.

In the dimension of corporate social responsibility-oriented (D), customer/stakeholder (d2) is
the most important criterion with a stronger influential effect (di − ri = 1.485), whereas financial
or stewardship (d1) is the least influential criterion (di − ri = 0.679). From the perspective of
corporate social responsibility, customers are also viewed as stakeholders that need to be satisfied
in addition to the company’s shareholders. Therefore, in addition to meeting the expectations and
vision of shareholders, companies need to actively fulfill their social responsibilities. In order to
improve operations and assist the board of directors and management to fulfill their responsibilities,
the company should facilitate the learning and growth of employees, establish a complete internal
control system and internal processes, and ensure the effective use of finances and resources.



Sustainability 2018, 10, 3382 12 of 27
Sustainability 2018, 10, x FOR PEER REVIEW  12 of 27 

 
Figure 3. Maps of the influential network relations of each dimension and criterion. 

 

Figure 3. Maps of the influential network relations of each dimension and criterion.



Sustainability 2018, 10, 3382 13 of 27

4.1. Using DANP for Calculating the Weights of the Criteria

In the next section, we expect to obtain the most accurate influential weights after confirming the
influential relationships among the criteria. By utilizing a combination of the DEMATEL and ANP
methods, the influential weights of DANP for each criterion can be obtained as shown in Table 4.
The DANP approach allows us to derive the local weights of the assessment factors at their respective
hierarchical levels and global weights, which helps us understand the absolute weights of individual
criteria across all four dimensions. The DEMATEL total influence-relation matrix is used to construct
the weighted supermatrix by applying Equations (A10) and (A11) in DANP’s step 2. The weighted
supermatrix for each criterion can be obtained by applying Equations (A8) and (A14). Consequently,
the limit supermatrix is used to obtain the global weights of the elements, which are applied to the
modified VIKOR approach to evaluate the sustainability performance of the case companies.

Table 4. Influential weights of decision making trial and evaluation laboratory-based analytical network
process (DANP) for each criterion obtained by limh→∞(W∝)h.

Dimension Criteria Weight Rank

A Operational performance a1 Effectiveness 0.02412 11
a2 Efficiency 0.02047 12

B Financial reporting
b1 Representational faithfulness 0.04260 8
b2 Verifiability 0.03825 9
b3 Neutrality 0.02436 10

C Compliance with regulations
c1 Awareness of Regulations 0.08377 5
c2 Transparency of operations 0.04561 7
c3 Compliance controls 0.06647 6

D Corporate social responsibility

d1 Financial or Stewardship 0.10967 4
d2 Customer/Stakeholder 0.21766 1
d3 Internal processes 0.18040 2
d3 Learning and growth 0.14662 3

4.2. Performance Measurement of Empirical Cases

The compromise ranking method is an applicable technique that not only assists researchers to
evaluate the overall performance gap in empirical cases’ sustainability performance of CSR-oriented
internal control system, but also to identify and prioritize improvement strategies. The evaluation
results of the modified VIKOR method are obtained as a performance matrix as shown in Appendix E.

The values of Sj, Rmod
j , and Qmod

j are computed by selecting v = 0.5 based on
Equations (A16) and (A17) and the results are shown in Table 5. The values of “concordance” (Sj) and

“discordance” (Rmod
j ) represent the group utility and the individual regret measures, respectively,

for alternative aj. From this table, it can be seen that the values of Sj are (A1, A2, A3, A4,
A5, A6, A7) = (0.337, 0.272, 0.142, 0.326, 0.341, 0.314, 0.576, respectively), with the ranking of
A1 � A3 � A5 � A4 � A2 � A7 � A6; the values of Rmod

j are (A1, A2, A3, A4, A5, A6, A7) =
(0.500, 0.500, 0.250, 0.500, 0.500, 0.550, 0.750, respectively), with the ranking of A2 = A3 = A5 �
A1 � A4 � A7 � A6. In addition, the values of Qmod

j are (A1, A2, A3, A4, A5, A6, A7) = (0.419, 0.386,
0.196, 0.413, 0.420, 0.432, 0.663, respectively). Therefore, the empirical cases are ranked as follows:
A3 � A5 � A1 � A2 � A4 � A7 � A6, where A � B means the A is preferred to B. If an alternative is
the closest to the ideal solution, it has the smallest value of Qmod

j . Meanwhile, a compromise solution
could be accepted by the decision-makers because it provides the maximum “group utility” (measure
Sj represents “concordance”), and a minimum of individual regret of the “opponents” (measure Rmod

j
represents “discordance”) [78]. The results show the A3 has the best performance overall and is the
closest to the ideal point. The performance variance rate of A3 is 0.196 indicating that there are still
some gaps (0.196) to the goal value (0). In contrast, A7 is the farthest from the ideal solution, because if
its larger Qmod

j value (0.663) than the others.
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Given these results, conditions C1 and C2 are satisfied. Hence, A3 has an acceptable advantage;
in other words, Q[2] − Q[1] = 0.19 ≥ DQ = 0.077. In addition, A3 is stable within the decision-making
process; in other words, it also has the best rank in R [·]. Therefore, A3 is the best alternative among
the seven empirical cases. There are no other compromise solutions in these case studies.

Table 5. Ranking of alternatives for v = 0.5.

Sj Rmod
j Qmod

j

Distance Ranking Distance Ranking Distance Ranking

A1 0.337 5 0.500 2 0.419 4
A2 0.272 2 0.500 2 0.386 2
A3 0.142 1 0.250 1 0.196 1
A4 0.326 4 0.500 2 0.413 3
A5 0.341 6 0.500 2 0.420 5
A6 0.314 3 0.550 6 0.432 6
A7 0.576 7 0.750 7 0.663 7

5. Management Implications and Discussion

Given the importance of the role enterprises play in society, corporate social responsibility is
receiving increasing attention in relation to long-term development. Corporate social responsibility is
one of the factors that enhance the competitiveness of an enterprise. It contributes to the realization of
the long-term economic goals of the enterprise and is key to the company’s long-term success under
the current socio-economic environment.

The research results from the modified VIKOR method show that the companies in these empirical
cases performed poorly in terms of the aspects of corporate social responsibility aspect (D), compliance
with regulations (C) and operational performance (A). The average variance rates for these criteria
are 0.429–0.157, as shown in Table A5. First, particular attention should be given to the dimension
of corporate social responsibility (D) with the criterion of the customer/stakeholder (d2) within this
dimension being in most urgent need of improvement. Next, the dimensions of compliance with
regulations (C) and operational performance (A) have the second highest variance rate.

With the rapid development of the economy and society, and continuous improvement in the
people’s quality of life, education, and civilization, consumers have changed from being merely
concerned with the satisfaction of their own needs to concern for the future development of society
as a whole. Enterprises should therefore be customer-centric, actively thinking about how to
combine internal processes, employees’ learning and growth, as well as financial and resource
allocation, to promote excellence, so that companies can continue to maintain competitiveness and
sustainable development.

Secondly, in the dimensions of compliance with regulations, companies have long considered
their own interests as having priority, coupled with fear of punishment. Therefore, although there
is greater compliance with relevant laws and regulations, the construction of internal controls
for social responsibility-oriented self-development is relatively insufficient. In order to fulfill its
role as a social organization, enterprises need to conduct on-the-spot inspections and review the
company’s compliance with regulations on issues such as product safety, environmental safety, labor
safety, personal data protection, and corporate social responsibility through the establishment of a
harmonious internal control mechanism, especially for major social security incidents in recent years.
Enterprises should also expand the scope of their internal control objectives, actively achieve their
goals of fulfilling social responsibilities to produce a harmonious society.

Next, within the aspect of business operation performance, the value of the company usually
consists of two parts. The first part is corporate value in the traditional sense, that is, the return of value
for capital based on the cash flow from assets which reflects the value of the asset’s future profitability.
The second part is the value of positive externalities brought about by corporate social responsibility.
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Enterprises usually only strive to pursue their own interests, to avoid punishment, with less efforts
at deriving the positive external effects of social responsibility. For this purpose, companies need
to weigh the relationship between the company, the community, and society, to obtain government
support, optimize the company’s living environment, and actively take care of the interests of all
parties, thereby realizing greater social value for the company.

Moreover, business operations mostly focus on short-term operating efficiency, paying little
attention to long-term social responsibility; social responsibility is seldom incorporated into
management objectives. As a result, the process of operational effectiveness sometimes contradicts the
goals set by the company, resulting in a conflict between the company’s goals and the stakeholder’s
goals and vision. Therefore, apart from seeking corporate profits, companies should also actively
respond to corporate social responsibilities through technological and managerial innovation, improve
environmental protection measures, to bring the company’s operating results more in line with
the interests of various stakeholders. Finally, the results indicate that within the dimension of
financial reporting (B) the company performs relatively well in terms of the criteria representational
faithfulness (b1) and verifiability (b2). These two criteria have the second lowest variance rate,
but improvement is still needed in order to produce the accounting-related information that
stakeholders care about, such as green accounting, environmental investment, carbon emissions,
other environmental accounting information, etc.

6. Conclusions and Future Research

In the past, the corporate social responsibility and internal control fields conformed to the
development of the enterprise. Each had its own history and development process, forming two
independent disciplines each with its own theoretical framework. However, because there is too much
emphasis on theory, these disciplines are not compatible with practice, with bottlenecks and problems
derived from corporate practice. For example, the theoretical goal of corporate social responsibility
cannot be achieved, although the internal control objectives have been reached. The expectations of
interested people could not be met. The failure of internal control not only causes the company to
suffer great losses, but has also hurts the long-term accumulation of goodwill, along with the loss of
related stakeholders.

The goal of internal control is to identify, analyze, and control risks by integrating corporate
social responsibility goals into corporate strategic goals. Then, in compliance with regulations,
the internal control report on corporate social responsibility (whether individual reports or embedded
in the internal control report) is compiled and disclosed, and internal control evaluation reports
and audit reports on corporate social responsibility are generated based on the statutory procedures
and the company’s procedures. Therefore, the company can promote the efficient allocation of
various stakeholders’ capital and the equitable distribution of equity, and realize the maximization
of comprehensive value including the economic, social and environmental benefits to the company.
Finally, socially-oriented internal control objectives will promote the harmonious co-existence of
enterprises and society and the sustainable development of the company itself.

Effective internal controls can help companies realize the maximization of corporate value; actively
shouldering social responsibilities not only helps companies create profits, maximize economic value,
but also contributes to the long-term development of the company. As a for-profit organization,
it is indeed important for companies to achieve financial goals but these are not the only goals.
The goals of internal control can integrate the motivation to pursue profit with social performance from
the perspective of a broad-based stakeholder, reduce the waste of resources, and achieve corporate
comprehensive social responsibility. Therefore, corporate social responsibility is the driving force
for the improvement of internal control. The effectiveness of internal control is the guarantee for the
company to fulfill its social responsibility.

In sum, this article uses the management tool of the balanced scorecard, commonly used in the
current strategic management theory to incorporate corporate social responsibility into the internal
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control objectives, and to synthesize a framework for internal control and corporate social responsibility.
Therefore, this method not only can further integrate theory and practice, but can also transform
the abstract vision of corporate social responsibility into tangible, concrete and practical goals and
measurement indicators. It is hoped that we can achieve comprehensive internal control objectives for
the sustainable development of a company.

In addition, this work makes several contributions to the sustainability performance literature.
First, the focus is on the sustainability performance of CSR-oriented internal control, which has rarely
been studied in the prior literature. Second, this paper establishes a hybrid MCDM model combining
DEMATEL with ANP and VIKOR based on BSC to evaluate the sustainability performance of empirical
cases. This model is able to illustrate the influential network among the criteria for Taiwanese
social sustainability internal control performance, which has been ignored in traditional models
that have presumed the dimensions and criteria of sustainability performance to be independent
and hierarchical in structure. Furthermore, this model presents the key factors and their weights of
CSR-oriented sustainability performance, which were not provided by models in prior internal control
performance studies.

This study is of course subject to several limitations. At present, in academic research on the
internal control of corporate social responsibility, the main problems are the lack of basic theoretical
research, and lack of determination of the interactive mechanism between social responsibility and
internal control. The lack of clarity about the interaction directly leads to problems with constructing the
theoretical framework. Although, the content of social responsibility is incorporated into the objectives
of internal control, the understanding of the concept of sustainable development performance, and the
objectives of future internal controls should also be adjusted and developed with changes in the
environment. For example, other criteria related to economic, environmental, and social factors should
be considered in future. Such considerations will make for more complete, concrete and operational
internal control objectives.

In addition, in practice, the construction of the internal control framework for social responsibility
is still limited to the development of industries or companies that have already experienced major
accidents. There are few studies in other industries or of companies with high social responsibility
risks. The lack of systematic and comprehensive research results may weaken the guiding role of the
application of theories in practice, and may eventually lead to a disconnect between the development
of theory and practice. In the case study herein, this paper investigates only empirical cases in Taiwan.
Therefore, further applications of this model and comparative studies can be conducted based on the
data of firms or industries from other countries.

Finally, research on the internal control of corporate social responsibility in future will turn to the
mechanism for the realization of internal control of social responsibility, control paths, performance
evaluation, internal control auditing of social responsibility, and reporting of internal control of
social responsibility information. The research of the internal control framework system of social
responsibility also highlights the connotation of “social responsibility”. At the same time, the case
study of internal control of social responsibility in different industries will also become an important
area of research. By promoting the development of internal control of enterprises, and then expanding
to other industries, it can eventually be extended to the country, or the appropriate industry to establish
an internal framework for supporting the industrial social responsibility.
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Appendix A. Building an INRM Using DEMATEL

The DEMATEL technique comprises three steps as follows:
Step 1. Calculate the direct influence-relation average matrix F based on the scores. Assume that

there are P CPA experts and n criteria who are asked to make pairwise comparisons between any two
criteria expressed as an integer score from 0 to 4, ranging from “absolutely no influence (0)” to “very
high influence (4)” and showing the degree of influence that each criterion i has on each criterion j.
Each domain expert questionnaire forms an n × n non-negative matrix Xp = [xp

ij]n×n
, p = 1, 2, . . . , P,

where X1, . . . , Xp, . . . , XP are the response matrices for P domain experts. The elements of Xp are
denoted by xp

ij from domain expert p. Thus, an n × n average matrix F for all domain experts can be
built by using Equation (A1):

F =



f11 · · · f1j · · · f1n
...

...
...

fi1 · · · fij · · · fin
...

...
...

fn1 · · · fnj · · · fnn


(A1)

The average scores from the P domain experts are fij =
1
P ∑P

f=1 xp
ij. The average matrix, the “initial

direct relation matrix F”, represents the degree of influence of one criterion on another criterion, and the
degree of influence from the other criteria.

Step 2. Normalize the initial direct-influence relation average matrix Y. The normalized initial
direct influence relation matrix Y can be obtained by normalizing the average matrix F. Matrix Y can
be derived from Equations (A2) and (A3). All principal diagonal criteria are equal to zero:

Y = s · F (A2)

s = min

{
1

max1≤i≤n∑n
j=1 fij

,
1

max1≤j≤n∑n
i=1 fij

}
(A3)

Step 3. Construct the total influence-relation matrix P. A continuous decrease in the indirect
effects of problems moves with the powers of matrix Y, e.g., Y2, Y3, . . . , Y∞, and limk→∞Yk = [0]n×n,
for limk→∞(I + Y + Y2 + . . . + Yk) = (I− Y)−1, where I is an n × n unit matrix. The total
influence-relation matrix P is an n × n matrix, and is defined by P =

[
tij
]

n×n, i, j = 1, 2, . . . , n as
shown in Equation (A4).

P = Y + Y2 + . . . + Yk

= Y(I + Y2 + . . . + Yk−1)

= Y(I + Y2 + . . . + Yk−1)(I− Y)(I− Y)−1

= Y(I− Y)−1, whenlimk→∞Yk = [0]n×n

(A4)

The total influence relation matrix P of the INRM can be derived from Equations (A4)–(A6) to
generate the sums of each column and row in matrix P.

d = (di)n×1 =

[
n

∑
j=1

tij

]
n×1

= (d1, . . . , di, . . . , dn)
′ (A5)



Sustainability 2018, 10, 3382 18 of 27

r = (rj)n×1 = (rj)
′
1×n =

[
n

∑
i=1

tij

]′
1×n= (r1, . . . , rj, . . . , rn)

′ (A6)

where di is the sum of a row in the total influence relation matrix P, and represents the total influence
(direct and indirect) of criterion/dimension i on all other criteria/dimensions

[
∑n

j=1 tij

]
n×1

. Likewise,

rj is the column sum in the total influence relation matrix P, and represents the total influence (direct
and indirect) of criterion/dimension j received from all other criteria/dimensions

[
∑n

i=1 tij
]′

1×n. Thus,
when i = j, di − ri offers an index of the strength of the total influences given and received, that is
di + ri indicates the degree of importance of criterion/dimension i in the system. In addition, di − ri
provides an index of the degree of total influence. If di − ri is positive, then criterion/dimension i is a
net influencer, and if di − ri is negative, then criterion/dimension i is influenced.

Appendix B. Determining the Weights by DANP

The DANP includes the following steps:
Step 1. Construct the total influence relation matrix PC. The DEMATEL is used to derive total

influence relation matrix PC from each dimension (or dimension), with different degrees of influence
relation for the criteria, as shown in Equation (A7):

PC =

D1

...

Di

...

Dn

c11

c12
...

c1m1

ci1
ci2
...

cimi
...

cn1

cn2
...

cnmn

D1 · · · Di · · · Dn

c11 · · · c1m1 · · · ci1 · · · cimi · · · cn1 · · · cnmn

P11
C · · · P1j

C · · · P1n
C

...
...

...
Pi1

C · · · Pij
C · · · Pin

C
...

...
...

Pn1
C · · · Pnj

C · · · Pnn
C


(A7)

where Dn is the nth cluster; cnm is the mth criterion in the nth dimension; and Pij
C is a submatrix of

the influence relation by the criteria obtained from a comparison of the ith dimension and the jth
dimension. In addition, if the ith dimension has no influence on the jth dimension, then submatrix
Pij

C = [0] shows the independence (no influence relation) of each criterion on the other criterion.
Step 2. Form an un-weighted supermatrix W. Normalize the total influence relation matrix PC as

shown in Equation (A8):
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Pα
C =

D1

...

Di

...

Dn

c11

c12
...

c1m1
...

ci1
ci2
...

cimi
...

cn1

cn2
...

cnmn

D1 Di Dn

c11 · · · c1m1 ci1 · · · cimi cn1 · · · cnmn

Pα11
c · · · Pα1j

c · · · Pα1n
c

...
...

...
Pαi1

C · · · Pαij
C · · · Pαin

C
...

...
...

Pαn1
C · · · Pαnj

C · · · Pαnn
C


, (A8)

where Pα
C represents the normalizing total influence relation matrix; Pα12

c can be derived from
Equations (A9) and (A10); and Pαnn

c can be similarly obtained.

P12
i =

m2

∑
j=1

P12
ij
c

, i = 1, 2, · · · , m1 (A9)

Pα12
c =



p12
11/p12

1 · · · p12
1j /p12

1 · · · p12
1m2

/p12
1

...
...

...
p12

i1 /p12
i · · · p12

ij /p12
i · · · p12

im2
/p12

i
...

...
...

p12
m11/p12

m1
· · · p12

m1 j/p12
m1
· · · p12

m1m2
/p12

m1





pα12
11 · · · pα12

1j · · · pα12
1m2

...
...

...
pα12

i1 · · · pα12
ij · · · pα12

im2
...

...
...

pα12
m11 · · · pα12

m1 j · · · pα12
m1m2


(A10)

Based on the pairwise comparisons within the criteria, and the basic concept of ANP,
the un-weighted supermatrix W an be constructed by transposing the normalized influence-relation
matrix Pα

C by dimensions (or cluster), i.e., W = (Pα
C)
′, as shown in Equation (A11).

W = (Pα
C)
′ =

D1

...

Dj

...

Dn

c11

c12
...

c1m1
...

cj1
cj2
...

cjmj
...

cn1

cn2
...

cnmn

D1 Di Dn

c11 · · · c1m1 ci1 · · · cimi cn1 · · · cnmn

W11 · · · Wi1 · · · Wn1

...
...

...
W1j · · · Wij · · · Wnj

...
...

...
W1n · · · Win · · · Wnn


(A11)
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Step 3. Derive the weighted supermatrix Wα. The total influence-relation matrix PD of the
dimensions is obtained according to the DEMATEL method, as given by Equation (A12):

PD =



p11
D · · · p1j

D · · · p1n
D

...
...

...
pi1

D · · · pij
D · · · pin

D
...

...
...

pn1
D · · · pnj

D · · · pnn
D


(A12)

The normalized total influence-relation matrix Pα
D of the dimensions can be derived from the total

influence-relation matrix PD divided by
n
∑

j=1
pij = pi, i = 1, 2, · · · , n., as shown in Equation (A13).

Pα
D =



p11
D /p1 · · · p1j

D/p1 · · · p1n
D /p1

...
...

...
pi1

D/pi · · · pij
D/pi · · · pin

D /pi
...

...
...

pn1
D /pn · · · pnj

D /pn · · · pnm
D /pn


=



pα11
D · · · pα1j

D · · · pα1n
D

...
...

...
pαi1

D · · · pαij
D · · · pαin

D
...

...
...

pαn1
D · · · pαnj

D · · · pαnn
D


(A13)

The normalized Pα
D and the un-weighted supermatrix W (shown in Equation (A11)), and the

weighted supermatrix Wα (normalized supermatrix) can be easily obtained by Equation (A14).

Wα = Pα
D ×W =



pα11
D ×W11 · · · pαi1

D ×Wi1 · · · pαn1
D ×Wn1

...
...

...
pα1j

D ×W1j · · · pαij
D ×Wij · · · pαnj

D ×Wnj

...
...

...
pα1n

D ×W1n · · · pαin
D ×Win · · · pαnn

D ×Wnn


(A14)

Step 4. Calculate the limit supermatrix Wα. Limit the weighted supermatrix by raising it to
the kth power, until the supermatrix has converged and become stable. The global priority vectors,
known as the DANP influential weights, are derived, such as in limh→∞(Wα) h, where h represents
any power number.

Appendix C. Measuring the Satisfaction Performance by the Modified VIKOR

The compromise ranking method (VIKOR) had been introduced as aa technique within the
MCDM [76]. The data matrix of the VIKOR method is expressed in Table A1.

As shown in Table A1, aj represents the jth alternative, j = 1, 2, . . . , m; ci represents the ith
criterion, i = 1, 2, . . . , n; wi represents the weight of the ith criterion, i = 1, 2, . . . , n; and xij indicates
the performance of alternative aj with respect to the ci criterion. A large xnm is better than a small one.
The VIKOR method included the following steps:
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Table A1. Data matrix of weights and performance scores.
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Step 1: Determining the best rating x∗i and the worst rating x−i for all the criteria. Table A1 shows
that the criterion i represents a benefit, then x∗i = max

j
xij, x−i = min

j
xij. Naturally, a candidate having

the scores (x∗1 , x∗2 , . . . , x∗n) would be positive-ideal whereas a candidate having scores of (x−1 , x−2 , . . . ,
x−n ) would be an negative-ideal candidate. It is assumed that such an ideal candidate does not exist;
otherwise the decision would be trivial.

Step 2: Computing the values of “concordance” (Sj) and “discordance” (Rj). They represent the
group utility and the individual regret measures for the alternative aj, respectively, with the relations

Dp=1
j = Sj =

n

∑
i=1

wi
[(

x∗i − xij
)
/
(
x∗i − x−i

)]
, for j = 1, . . . , m; (A15)

Dp=∞
j = Rj = max

i
{wi

[(
x∗i − xij

)
/
(

x∗i − x−i
)]
|i = 1, 2, . . . , n}, for j = 1, . . . , m, (A16)

where the weights of the criteria (wi) are introduced to express the relative importance of the criteria
computed by the ANP method. Dp=1

j represents the maximum “group utility” of the “majority”.

Dp=∞
j represents the minimum individual regret of the “opponent”. According to Equations (1)

and (2), the VIKOR result stands only for a given set of alternatives. Inclusion (or exclusion) of an
alternative could affect the VIKOR ranking of the new set of alternatives. This effect could be avoided
by fixing an ideal solution [9]. Thus, in this study we adopt a fixed ideal solution (i.e., the best x∗i
value = 100 and the worst x−i value = 0).

Step 3: Computing the aggregate value (Qj). The formula is

Qj = v
[(

Sj − S∗
)
/
(
S− − S∗

)]
+ (1− v)

[(
Rj − R∗

)
/
(

R− − R∗
)]

, for j = 1, . . . , m, (A17)

where S∗ = min
j

Sj, S− = max
j

Sj and R∗ = min
j

Rj, R− = max
j

Rj; and v is the weight of the

decision-making strategy for “the majority of criteria” (or “the maximum group utility”), whereas
1− v is the weight of the individual regret. A compromise can be selected by “voting by majority”
(v > 0.5), with “consensus” (v = 0.5), or with “veto” (v < 0.5). The VIKOR index (Qj) is obtained by
weighing the utility and regret measures of each alternative.

Step 4: Alternatives are ranked by sorting the S, R and Q values in increasing order. The result is
a set of three ranking lists denoted as S[·], R[·] and Q[·].

Step 5: Proposing alternative a(1) corresponding to Q[1] (the smallest among the Qj values) as a
compromise solution. It must satisfy the following two conditions:

Axiom 1. Alternative a(1) has an acceptable advantage; in other words, Q[2] − Q[1] ≥ DQ where
DQ = 1/(m − 1) and m is the number of alternatives (DQ = 0.25 if m ≤ 4).

Axiom 2. Alternative a(1) is stable within the decision-making process; in other words, it is also the best ranked
in S[·] or/and R[·].
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If one of the above conditions is not satisfied, then a set of compromise solutions is proposed,
which consists of:

• Alternatives a(1) and a(2) if only Axiom 1 is not satisfied, or

• Alternatives a(1),a(2), . . . ,a(k) if Axiom 1 is not satisfied; and a(k) is determined by the relation
Q[k] − Q[1] ≈ DQ (the positions of these alternatives are “in closeness”).

The best alternative ranked by Qj, is the one with the minimum value of Qj. The compromise
solution can be accepted by the decision-makers because it provides a maximum “group utility” for
the “majority” (with measure Sj representing “concordance”), and a minimum individual regret for
the “opponents” (with measure Rj representing “discordance”).

In the original VIKOR method, the values of S∗, S−, R∗, and R− came from the candidate
alternatives. They were not the real positive-ideal or negative-ideal values for all criteria. In fact,
the positive-ideal should be represented by a score of 100 and the negative-ideal point should be
represented by a score of 0; therefore, the positive-ideal value (S∗) would be zero; the negative-ideal
value (S−) would be equal to one; the positive-ideal value (R∗) would be zero, and the negative-ideal
value (R−) would be equal to one. Besides, it is not necessary to include the weight (wi) in the Rj
equation. To improve the measurement of the VIKOR index, we propose a modified VIKOR method.
The weights (wi) are removed from the equation for Rj. The modified Rmod

j index and Qmod
j are

formulated as follows:

Rmod
j = max

i

{[(
x∗i − xij

)
/
(
x∗i − x−i

)]
|i = 1, 2, . . . , n}, for j = 1, . . . , m; (A18)

Qmod
j = v

[(
Sj − 0

)
/(1− 0)

]
+ (1− v)

[(
Rmod

j − 0
)

/(1− 0)
]

(A19)

Then, Qmod
j is simplified as follows:

Qmod
j = vSj + (1− v)Rmod

j (A20)

In the original VIKOR method, the value of Qj for the best alternative would be zero or close
to zero and the value of Qj for the worst alternative would be one or close to one. The Qj cannot
indicate how many variances between Qj and the aspiration level, but the modified Qmod

j index can

overcome this drawback. It was worth noting that the value of DQ should be changed to DQmod =
(max

j
Qmod

j −min
j

Qmod
j )/(m − 1) in the modified VIKOR method. The other conditions are the same as

the conditions used for the original VIKOR method.

Appendix D. The Results of DEMATEL for Analyzing the Relationships between Dimensions
and Criteria

According to the methodology described above, a 12 × 12 average initial direct-influence matrix
T, including 12 criteria, can be derived based on the data collected by respondents. The normalization
matrix shown in Table A2 can be obtained by applying Equations (A2) and (A3) in DEMATEL’s step 2.

As shown in Table A3, the total influence-relation matrix of the criteria can be derived through
Step 3 of DEMATEL on the basis of the normalization impact matrix described above.

The total influence matrix Pd for each dimension/criterion is derived in Table A4. Table A4
shows the results that four dimensions/criteria, namely operational performance (A), reliable
financial reporting (B), compliance with laws, regulations and policies (C), and corporate social
responsibility-oriented (D) are mutually influential.
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Table A2. Normalization matrix Y.

Criteria a1 a2 b1 b2 b3 c1 c2 c3 d1 d2 d3 d4

a1 0.000 0.081 0.014 0.010 0.009 0.008 0.007 0.007 0.005 0.004 0.004 0.004
a2 0.032 0.000 0.010 0.007 0.006 0.006 0.006 0.005 0.005 0.004 0.004 0.004
b1 0.058 0.050 0.000 0.052 0.055 0.033 0.032 0.035 0.028 0.024 0.032 0.025
b2 0.098 0.079 0.102 0.000 0.077 0.044 0.038 0.042 0.042 0.041 0.044 0.040
b3 0.072 0.068 0.090 0.062 0.000 0.041 0.039 0.036 0.035 0.033 0.040 0.036
c1 0.051 0.046 0.053 0.088 0.087 0.000 0.102 0.115 0.040 0.035 0.036 0.039
c2 0.059 0.060 0.077 0.067 0.064 0.035 0.000 0.042 0.039 0.046 0.041 0.037
c3 0.074 0.067 0.083 0.122 0.102 0.039 0.098 0.000 0.039 0.031 0.035 0.034
d1 0.062 0.056 0.067 0.076 0.075 0.101 0.084 0.090 0.000 0.063 0.058 0.060
d2 0.066 0.063 0.067 0.086 0.084 0.101 0.095 0.097 0.101 0.000 0.118 0.121
d3 0.069 0.062 0.072 0.080 0.076 0.090 0.083 0.085 0.097 0.067 0.000 0.070
d4 0.069 0.067 0.070 0.076 0.072 0.089 0.080 0.082 0.107 0.068 0.111 0.000

Table A3. Total influence-relation matrix of criteria.

Criteria a1 a2 b1 b2 b3 c1 c2 c3 d1 d2 d3 d4

a1 0.014 0.093 0.026 0.022 0.021 0.017 0.018 0.017 0.013 0.011 0.012 0.012
a2 0.041 0.012 0.020 0.016 0.016 0.014 0.014 0.013 0.011 0.010 0.011 0.010
b1 0.114 0.107 0.057 0.105 0.107 0.076 0.081 0.081 0.067 0.056 0.070 0.060
b2 0.177 0.161 0.176 0.080 0.150 0.106 0.108 0.108 0.098 0.085 0.098 0.089
b3 0.142 0.139 0.156 0.129 0.070 0.095 0.101 0.095 0.084 0.073 0.088 0.079
c1 0.150 0.144 0.152 0.182 0.179 0.074 0.182 0.187 0.107 0.090 0.102 0.098
c2 0.136 0.137 0.150 0.140 0.136 0.094 0.068 0.105 0.093 0.088 0.094 0.085
c3 0.169 0.162 0.176 0.205 0.186 0.109 0.172 0.076 0.102 0.085 0.099 0.091
d1 0.175 0.168 0.178 0.188 0.184 0.183 0.183 0.183 0.082 0.126 0.136 0.130
d2 0.213 0.208 0.213 0.232 0.227 0.215 0.226 0.222 0.205 0.090 0.216 0.208
d3 0.190 0.182 0.192 0.200 0.194 0.183 0.190 0.187 0.179 0.136 0.088 0.145
d4 0.196 0.193 0.197 0.203 0.197 0.188 0.195 0.191 0.195 0.141 0.195 0.085

Table A4. The sum of the effects on dimensions.

Dimensions A B C D

Operational performance (A) 0.084 0.135 0.121 0.085
Reliable financial reporting (B) 0.390 0.216 0.380 0.222

Compliance with laws, regulations and policies (C) 0.552 0.540 0.271 0.315
Corporate social responsibility-oriented (D) 0.662 0.631 0.638 0.216

Appendix E. The Evaluation Results of the Modified VIKOR Method

The evaluation results of the modified VIKOR method are obtained as a performance matrix
as shown in Table A4. Here, a score of 100 represents the positive-ideal solution (x∗i ) and a score
of 0 represents the negative-ideal solution (x−i ). As shown in Table A5, A3 had the highest average
performance value (88.750) and A7 had the lowest average score (51.667). This performance matrix
was calculated using Equation (A15) to obtain performance variance rates between the status quo and
the ideal point as shown in Table A6. The last two rows of Table A5 represent simple average variance
and weighted average variance of seven empirical cases. As shown in this table, although the simple
average variance of A6 is larger than A1 and A2, it performs better than A1 and A2 when using the
ANP weights.
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Table A5. Average performance scores.

Criteria/Case A1 A2 A3 A4 A5 A6 A7 Average

a1 Effectiveness 50.00 80.00 85.00 70.00 75.00 55.00 50.00 66.43
a2 Efficiency 70.00 85.00 90.00 75.00 75.00 75.00 50.00 74.29
b1 Representational faithfulness 90.00 80.00 90.00 90.00 85.00 75.00 80.00 84.29
b2 Verifiability 85.00 80.00 100.00 80.00 85.00 60.00 75.00 80.71
b3 Neutrality 50.00 80.00 90.00 75.00 80.00 70.00 50.00 70.71
c1 Awareness of regulations 80.00 80.00 85.00 90.00 90.00 65.00 75.00 80.71
c2 Transparency 85.00 80.00 90.00 80.00 85.00 50.00 60.00 75.71
c3 Compliance 85.00 75.00 95.00 65.00 90.00 45.00 55.00 72.86
d1 Financial 75.00 75.00 95.00 75.00 50.00 50.00 25.00 63.57
d2 Customer 50.00 75.00 75.00 50.00 50.00 75.00 25.00 57.14
d3 Internal process 50.00 75.00 85.00 75.00 50.00 75.00 25.00 62.14
d4 Learning and growth 75.00 50.00 85.00 50.00 75.00 85.00 50.00 67.14
Average scores 70.42 76.25 88.75 72.92 74.17 65.00 51.67 71.31

Table A6. Performance variance rate.

Criteria/Case A1 A2 A3 A4 A5 A6 A7 Average

a1 Effectiveness 0.500 0.200 0.150 0.300 0.250 0.450 0.500 0.336
a2 Efficiency 0.300 0.150 0.100 0.250 0.250 0.250 0.500 0.257
b1 Representational faithfulness 0.100 0.200 0.100 0.100 0.150 0.250 0.200 0.157
b2 Verifiability 0.150 0.200 0.000 0.200 0.150 0.400 0.250 0.193
b3 Neutrality 0.500 0.200 0.100 0.250 0.200 0.300 0.500 0.293
c1 Awareness of regulations 0.200 0.200 0.150 0.100 0.100 0.350 0.250 0.193
c2 Transparency 0.150 0.200 0.100 0.200 0.150 0.500 0.400 0.243
c3 Compliance 0.150 0.250 0.050 0.350 0.100 0.550 0.450 0.271
d1 Financial 0.250 0.250 0.050 0.250 0.500 0.500 0.750 0.364
d2 Customer 0.500 0.250 0.250 0.500 0.500 0.250 0.750 0.429
d3 Internal process 0.500 0.250 0.150 0.250 0.500 0.250 0.750 0.379
d4 Learning and growth 0.250 0.500 0.150 0.500 0.250 0.150 0.500 0.329
Simple average variance 0.296 0.238 0.113 0.271 0.258 0.350 0.483 0.287
Weighted average variance 0.167 0.147 0.061 0.149 0.155 0.116 0.261 0.151
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