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Abstract: The proliferation of sustainability reporting (SR) is in response to environmental and social
responsibility, but investors are increasingly concerned over the effects of sustainability reporting
in corporate sustainability. The Sustainability Accounting Standard Board (SASB)’s sustainability
standards are acknowledged as the main framework for implementing this activity, yet the influencing
factors among sustainability reports highly correlate and are diverse and complicated, especially
in the semiconductor industry, which is the key driving force for economic development in China.
To exploit and evaluate those key factors, this research introduces a hybrid model that integrates
fuzzy rough set theory with particle swarm optimization (FRST-PSO) and a fuzzy decision-making
trial and evaluation laboratory (fuzzy DEMATEL). FRST-PSO is adopted to filter out redundant and
irrelevant factors, and the selected results are then inserted into fuzzy DEMATEL to depict the opaque
relationships and set up a prioritization strategy for improvement among the factors. According to
the findings on the magnitude of the impact, the priorities for improvement are environment, human
capital, social capital, leadership and governance, and business model and innovation. Based on
the results, an optimal and practical solution is proposed as the basis for information disclosure of
sustainability reporting for the semiconductor industry.

Keywords: sustainability reporting (SR); sustainability accounting standard board (SASB); fuzzy rough
set theory (FRST); particle swarm optimization (PSO); fuzzy decision-making trial and evaluation
laboratory (DEMATEL)

1. Introduction

Sustainability reporting (SR) has gained significant advancement in practice around
the globe in the past two decades and is viewed as a useful channel for information
disclosure [1]. SR enables organizations to focus exclusively on the impacts of sustainability
topics and to be more responsible about the environment and social aspects they face.
According to relevant studies [2-4], the vast majority of large companies across industries
have developed their SRs on social /environmental impacts, which have become a necessary
business practice for them. Johari and Komathy [5] pointed out the sustainability disclosure
rate in Europe is 49% and is continuously increasing. As demonstrated by the Sustainability
Accounting Standards Board (SASB), 83% of Securities and Exchange Commission (SEC)-
registered companies in the U.S.A. provide sustainability information in their mandatory
filings [6]. Obviously, SR has achieved greater popularity around the world and has raised
the reliability of sustainability information disclosure [7].

Along with more attention in sustainability disclosure practices, several international
organizations such as the Global Reporting Initiative (GRI) and the Sustainability Account-
ing Standard Board (SASB) have successively put forward a SR framework [8]. The GRI
practical guidelines focus on the role of stakeholder participation, while the SASB standards
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emphasize the investor-focused information demand [9]. To meet the needs of investors
for information disclosure, SASB issued a conceptual framework in September 2019 for
over 70 different industries to help them conduct appropriate investment decisions [10].
The 2019 version of the conceptual framework was viewed as an overarching standard to
provide sustainability disclosure for investors and to create a good communication channel
between corporates and investors [11]. The sustainability accounting standards of SASB
help achieve the objectives of implementation in a global context.

The SASB standards have been used recently to highlight the materiality of ESG (envi-
ronmental, social, and governance) disclosures by several studies. SASB’s SR has the goal
to develop industry-specific sustainability accounting standards that help public entities
disclose environmental, social, and useful investment information to investors [10]. From
an industry perspective, the SASB standards are recognized as the most favorable frame-
work for the effectiveness of a firm’s SR disclosure. After the advent of SASB reporting,
many international well-known companies switched and adopted the SASB standards
to revisit the impacts of ESG on corporate financial performance [11]. For example, the
semiconductor company Intel has introduced the SASB framework and incorporated its
accounting metrics to improve and deliver its own SR. The SASB framework not only
serves as a benchmark of sustainability matters, but it also creates a useful decision-making
support tool for investors, thereby enabling the transparency and the effectiveness of SR
practices and expectations among international principles and standards.

Compared to the other leading worldwide standards, the SASB framework provides a
platform to evaluate what material sustainability disclosures should be given based on the
industry sector, and then the organizational sustainability performance can be improved
and be beneficial to investors [12]. Thus, corporates appear to be moving in a new direction
to progressively modify their SR based on the SASB framework in the near future. The SASB
standards will supersede GRI SR guidelines as the main types of information disclosures
for corporates. The main reason, however, why companies intend to adopt the SASB
standards is that they expect to communicate with investors information that has a material
financial impact on their long-term development by disclosing the quantitative metrics in
the standards. Five sustainability dimensions and sub-criteria within separate dimension
of industry-based SR have been issued by SASB from the global perspective [10]. Thus,
meeting the requirements for such introductions is a new situation and a grand challenge.
As such, the SASB framework as a benchmark of this study for evaluating key factors
of sustainability reporting in the semiconductor sector is appropriate and in line with
international trends.

However, in spite of the growing number of studies related to the corporate sus-
tainability reporting, much of the attentions still focus on literature review studies. The
main research goal herein is to provide a fully comprehensive and practical sustainable
framework that can be adapted and applied to the semiconductor industry in China based
on the SASB standards (e.g., industry-specific characteristics). As we know, the semicon-
ductor industry is an important driver of the global technology revolution and the most
important pillar of China’s economic development. Therefore, the sustainable promotion
of this industry is a top priority. This study analyzes the key factors of SR disclosure from
the perspective of semiconductor corporates and auditing by certified public accountants
(CPAs). More specially, this study shall give a holistic view on the construction of SR for a
group decision problem, which corresponds with the specific expectation of investors. De-
spite the great contribution of SR practices in academic research for nearly a decade, there
have been few empirical works done on identifying the specific factors that relate to SASB
topics [7,13,14]. The dependence and feedback effects between multiple factors affecting
SR reporting must be considered in order to construct a practical framework, yet they have
not been observed in the current research. To overcome the complex issue, we propose an
integrated evaluation model based on fuzzy rough set theory with particle swarm optimiza-
tion (FRST-PSO) technique and the fuzzy decision making trial and evaluation laboratory
(fuzzy DEMATEL) approach. FRSR-PSO screens key sustainability elements, and the fuzzy
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DEMATEL method helps clarify the rankings of the determinants’ contribution. Hence, we
can provide a framework for semiconductor firms in China implementing and delivering
SR principles and strategies.

The rest of this study is organized as follows. Section 2 provides an overview of
the dimensions and criteria of SR based on SASB’s conceptual framework in the existing
literature. Section 3 describes the questionnaire design, data collection, and the introduced
hybrid model. Section 4 analyzes the empirical results. Section 5 illustrates the application
and discussion of the empirical findings. The final section concludes the paper.

2. Evaluation Matrix of Sustainability Reporting

What many corporate governance policies have in common these days is that they
see SR as a critical part for implementing sustainability strategies efficiently and long-
term value creation. SASB considers industry-specific sustainability aspects that have a
long-term impact on the business. It assesses the financial and operational performance
impact of corporate activities in ESG issues through five sustainability dimensions under
the framework, which are recognized and expected by the global market. As such, the
SASB materiality guidelines serve as the basis of the evaluation metrics of SR in this paper,
and these five sustainability dimensions are [9,10]: environment (A), social capital (B),
human capital (C), business model and innovation (D), and leadership and governance (E).
A brief description of each dimension appears as follows.

2.1. Environment

Firms are experiencing immense pressure from environmental and social responsibility
in recent years, facilitating the necessity and transparency for SR disclosure [15]. To achieve
corporate responsibility due to the impact of operational strategy on the environment,
Indian companies are required to provide a high-quality SR [10]. An environmental issue
related to corporate sustainability should take precedence over capital market efficiency in
developing economic and social interests [16]. In other words, environmental sustainability
has received enormous attention and is the social tie that bind us to society [17]. Business
activities could cause considerable increases in greenhouse gas (GHG) emisions and air
pollution, which have negatively influenced the environment [18]. Effectively controlling
global warming by mitigating GHG emissions is now a popular consensus [19]. SASA noted
that an effective implementation of an energy management program in an organization
has high importance for corporate sustainability development [20]. Corporates also have
highlighted water and wastewater treatment in response to community residents’ concerns,
thereby promoting the environmental protection activities and robustness of SR [21]. A
significantly greater number of concerns related to the discharge of waste and hazardous
materials, especially in high-polluting industries, now affects business sustainability [22].

2.2. Social Capital

Business corporations have obligations to work towards achieving social interactions
and provide social welfare for the public. There is increasing acceptance that given increased
social capital, a corporate must not only adhere to sustainability development, but may in
fact have to issue SR regularly [22]. According to Laskar [23], human rights are regarded
as one of the evaluation factors of SR disclosure that can enhance firm performance by
integrating into SR. Aggarwal and Singh [24] suggested that SR is a multi-dimensional
structure, and that human rights have received greater attention from the international
community and should be introduced into the evaluation metrics in a timely manner [25].
Furthermore, Lambrechts et al. [26] noted that the customer privacy involved in social
relations is more valuable than other factors on SR by large firms around the world.
Appropriate disclosure is viewed as a necessary component in the structure of SR content
and is crucial in attracting investors and forming an organization-society relationship [27].
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2.3. Human Capital

Human capital refers to workforce engagement and a diverse and inclusive work-
force, which is the key source for long-term firm value [10]. It includes such things as
fair labor practices, diversity and inclusion, and employee health, safety, and well-being.
Mio et al. [28] noted that how to secure fair wages for laborers is one of the pillars
of social performance and related to sustainability disclosures [29]. As pointed out by
Jestratijevic et al. [30], the guarantee and assurance of fair labor practices should be de-
veloped, thereby maintaining the internal stickiness of SR. Additionally, GRI indicated
that, while the reporting of labor productivity and a firm’s competitiveness is beneficial
for investors, workforce diversity and inclusion are to be included within the scope of
corporate SR [9]. According to the sustainable development goals released by the United
Nations in 2015, an effective policy promoting diversity and inclusion in labor hiring has
become the necessary criterion for the disclosure of SR [31]. Piecyk and Bjorklund [32]
confirmed that employee health and job safety, as well as labor welfare, are important to a
corporate SR strategy [33].

2.4. Business Model and Innovation

To improve the sustainable development of a company, a sustainable business model
and innovation that builds on economics, society, and the environment can contribute to
SR quality [34,35]. Similarly, Demirkan et al. [36] posited that business model innovation is
a feasible factor in gaining a competitive advantage and value, facilitating the sustainable
development goals. Complying with the requirements of the disclosure of sustainabil-
ity reporting practices is an indispensable work based on the UN [31], while business
operations resulting in substantive social and environmental impact can affect corporate
sustainability development. Companies have to provide a comprehensive view of business
operations revolving around issues of the environment and society in support of ecosystem
changes and the international development trend of corporate sustainability [37]. Many
organizations have voluntarily included product quality and security in sustainability
issues related to environmental involvement when they submit a SR [38]. According to a
survey by Patel and Rayner [39], many big companies in India view products and services
as a core value and integrate this indicator into their sustainability development practices.

2.5. Leadership and Governance

Senior leadership plays a pivotal role in corporate governance and corporate sustain-
ability, driving high-quality content in SR [40]. In response to international expectations on
International Financial Reporting Standards, South African companies have emphasized
the importance and effectiveness of business leadership and sustainability [41]. According
to Lozano and Huisingh [42], supply chain management in an organization is a key part
towards sustainability and to attain a higher level of sustainable performance. The global
areas have raised awareness about supply chain management for maintaining the necessary
safe and smooth operations of production and to support the achievement of SR in an
entity’s business activities [43], particularly in the post-epidemic era. Accident and safety
management has attracted growing attention as a sustainability issue in recent decades [44],
and GRI considers this factor and stronger management for establishing a better measure-
ment of SR [45]. Additionally, Kumar and Prakash [46] reported that sustainability practices
such as environmental management and business ethics are the fundamental content of
global sustainability frameworks and can be seen in GRI guidelines.

3. Research Methodology

This research develops FRST-PSO (fuzzy rough set theory-based particle swarm op-
timization) to identify the essential factors/criteria, and then adopts fuzzy DEMATEL
to exploit the opaque relationships and to prioritize the essence among factors of SR in
China’s semiconductor industry. Figure 1 expresses the proposed decision framework, and
the methodologies adopted are discussed in the following sections.



Sustainability 2023, 15, 1929

50f19

InformJI questionnaire development via literature review

&

Identification of dimensions and criteria for SR

e

Deision variable determination via clustering apprgach

e

Essential criteria identification via FRST-PSO

«

Formal gquestionnaire establishment

I

Cause-and-effect relation identification via fuzzy DEMATEL

/

«

Intew influential network relationship map (INRM) dev%ent

\\ Developing improving strateg)'a/

Figure 1. The introduced decision framework.

3.1. Fuzzy Rough Set Theory-Based Particle Swarm Optimization (FRST-PSO)

Many practical tasks in decision making procedures involve a large amount of input
features. Unfortunately, not all collected input features are relevant and essential, and some
are even contaminated by some degree of errors. When decision makers are surrounded
by a considerable amount of input features, it will lead to a biased outcome, as well as
cause decision making failure. To combat this, one may consider feature selection, which
aims at identifying essential feature subsets without eliminating the original model’s
discriminant ability, as well as reducing the course of dimensionality [16]. Having the
advantages of handling data comprising vagueness, impreciseness, and uncertainty, fuzzy
rough set theory (FRST) is conducted to cope with feature selection tasks and is also
proven remarkably popular and gained considerable success in recent years [47]. A brief
illustration of FRST runs as follows.

FRST is developed by two fuzzy sets: fuzzy lower and upper approximation. In a
crisp case, instances that belong to the lower approximation are viewed as falling into an
approximated set preciseness. In a fuzzy case, instances may range between 0 and 1, thus
providing more flexibility in handling uncertainty [48]. Equation (1) displays the fuzzy
lower approximation, and the fuzzy indiscernibility relation is adopted to approximate a
fuzzy concept X.

agpx(x) = yig(ng(lxRp (v y)ax(y)) )
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where A denotes the fuzzy implicator, and Rp expresses the fuzzy similarity relation
induced by feature subset P.

aRp (%, y) = Taep{or, (¥, ¥)} €

where ag, (x,y) represents to what degree the instances x and y are similar in regard to
attribute a and T denotes the t-norm. Based on a similar procedure, the fuzzy positive
region can be expressed in Equation (3).

®posp(D) (X) = sup ag,(x) ®3)
Xel/D

The fuzzy-rough degree of dependency of D on the feature P is shown in Equation (4),
which can be used to illustrate the dependency between features [49].

/ xezu &pos,(D) (%)

The reduct in FRST is the minimal feature subset that poses the whole dependency

degree of the original dataset; i.e., ¥ repuct(D) = 7' (D). A greater detailed illustration
of FRST can be seen in Jensen and Parthalain [47] and Jensen et al. [50].

How to determine the best reduct in FRST is an NP-complete task [51]. Chen et al. [52]
indicated that a meta-heuristic algorithm can be an appropriate avenue to handle the
aforementioned tasks. Genetic algorithm (GA), one type of a meta-heuristic algorithm, has
been widely adopted to handle the optimization task and received much attention. The
criticism of GA is that its inherent structure is too complicated (i.e., it includes mutation
and crossover) and it is very easy to get stuck in a local optimum. To combat this, an
emerging algorithm, named particle swarm optimization (PSO) [53], with the merit of
no pre-assumption about the problem being optimized and a large search space, can be
conducted. It begins with a population of random solutions, or particles. Each particle is
located in a feature space S. The ith particle is denoted as A; = (41,41, . - ., 4;s), and the
position of the ith particle is expressed as P; = (pi1 pia, - - -, pis). The particle reaches the
best position (that is, this position can let the particle have the best fitness value) in a prior
operation, expressed as Py,s;. Here, Gy,g; denotes the particle reaching the best performance
among all particles. By modifying the velocity V; = (v;,...,v;s) of a particle, the search
algorithm of PSO can be performed.

Vjg = W * Vg + c1 x rand () x (pig — Xig) + c2 x rand() * (pgq — Xia)
Xig = Xig + Uig

©)

A greater detailed illustration of PSO can be seen in Inbarani et al. [54].

3.2. The Fuzzy DEMATEL

DEMATEL [55,56], as a widely applicable technique in the MCDM (multi-criteria
decision-making) field, effectively engages decision-makers into decision-making processes
and provides them a practical solution. MCDM refers to the decision making of choos-
ing among a limited (infinite) set of alternatives with conflicting and incommensurable
degrees [57,58]. It is widely used in various fields and an important method and tool
to address practical issues. The DEMATEL technique can help extract the mutual rela-
tions between all SR determinants by visualizing the cause—effect relationships among
the selected determinants in graphs [59]. Based on this, the prioritization of SR elements
in the structural model of the system/sub-system can be identified for developing and
implementing a better strategic plan.

Despite the fact that DEMATEL is a powerful structural tool for analyzing criteria
architecture, it should be expanded to capture ideal observations due to the subjectivity
and fuzziness in human assessments [60]. In that case, fuzzy logic has been integrated
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into the DEMATEL method to determine fuzzy DEMATEL for solving such an extremely
difficult problem [61]. Fuzzy DEMATEL is a suitable method for addressing group decision
making in an uncertain environment and has been applied in many fields, such as supplier
selection [62], green supply chain management [63], strategy planning [64], and circular
economy adoption barriers [65]. The computational procedures of this model are described
in more detail below.

To provide a reasonable solution for the vagueness of human judgement, the degree
of influence is expressed with five linguistic terms (very poor, poor, medium, good, very
good) and their corresponding triangular fuzzy numbers (1;;, m;j, rij), left (1), medium (m),
and right (r) scores [66], as shown in Table 1, and a weighted average can be achieved. By
conducting a defuzzification technique, the fuzzy judgement is converted into crisp scores
through the transformation of a fuzzy value [67]. As such, based on the experts” assessments
for the criteria by using the estimation of linguistic terms, the fuzzy direct-influence matrix
A is generated as follows.

A= [aij] .., Whered;j = (Llﬁ-,&lf?,a?j) (6)

nx ]

Table 1. Fuzzy linguistic terms and corresponding values for evaluation.

Linguistic Terms Triangular Fuzzy Numbers
Very poor [0.0,0.1,0.3]
Poor [0.1,0.3,0.5]
Medium [0.3,0.5,0.7]
Good [0.5,0.7,0.9]
Very good [0.7,0.9. 1.0]

The normalized fuzzy direct-influence matrix X can be computed as:

X = A/a, where a

n n
= maxq max ), a;j,max}_ a; ¢, i,j € {1,...,n} (7)
i i i1
Y o= [y > (o] I
X = [xl/}nxn, Xij = (xij,x;’]?,xi]-)

where X = (X!, X", x"), X! = [xfj] XM =[x

nxn ]HX
total fuzzy direct-influence matrix (G) can be seen as:

,andX" = [x!] . However, the
n I nxn

G = (8l Where &;; = (gi;, 81}, gk ®)
where .
I 14l w1 wvIyT m __ [,m _ ym(y _ wm\—1
G _{gij]nxn_x(l X G :[gif]nxn_x (I—xm)"",
and G'= [gf-;-]nxn =X"1-X")"

The CFCS (converting fuzzy data into crisp scores) defuzzification technique is finally
used to produce more accurate crisp scores. The vectors of the total influence matrix G are
the sum of rows (D) and sum of columns (R). The fuzzy DEMATEL structural model is
now established, and INRM (influential network relationship map) is drawn by mapping
the set of (D; + R;, D — R) for analyzing the casual relations on key factors of SR.

4. Data Analysis
4.1. Questionnaire Development

This study set up a questionnaire (see Figure 2), identified the dimensions and criteria,
created a pre-test questionnaire creation, and finalized the official questionnaire. To obtain
some insights regarding when SR is done in practice, we make use of the SASB disclosure
items [6,9,10] and the relevant literature. Specifically, the SASB standards contain a “com-



Sustainability 2023, 15, 1929

8of 19

prehensive assessment matrix”, and is used in this study to examine how a SR disclosure
mandate affects environmental and social consequences.

Stage 1: Literature review

DimensionA) w

© UOLId}ID)
g UOLIdID)

© UOLId}LI))
g UOLIdIID)

Clustering + FRST+PSO

J

Essential criterion

Stage 3: Cause-and-effect|relation identification

Qe >

DEMATEL

Decision making

Figure 2. The procedure of formal questionnaire development.

Given the SASB framework, existing literature, and domain experts, the pre-test
questionnaire involves five dimensions and thirty-three criteria (Table 2).

According to a survey among professionals who were experienced in the work of
sustainability issues and was circulated among 10 certified public accountants (CPAs) at
CPA firms and 10 heads of sustainability office at semiconductor companies. Respondents’
scores ranged from 0 to 10 (0 = extremely unimportant, 10 = extremely important), and
then the completed questionnaires were imported into FRST-PSO techniques to determine
the crucial determinants and to formulate a new filtered /formal questionnaire. Because
FRST-PSO is recognized as a supervised learning approach, the condition variable needs to
be decided beforehand. In accordance with Thangavel et al. [68], the clustering approach
(K-means) is adopted to determine the condition variable. We adopt an ELBOW method to
determine the best number of clusters (see Figure 3). We can see that the cluster number is
set to 3 to reach the best performance. This information is conjunction with FRST-PSO to
selected feature subsets (see Tables 3-5).
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Table 2. Criteria of disclosure of sustainability reporting for the pre-test questionnaire.

Dimension Criterion
C1: GHG (greenhouse gas) emissions
C2: Air quality
C3: Energy management policy
Environment C4: Fuel management

C5: Water and wastewater management
C6: Waste and hazardous materials management
C7: Biodiversity impacts

Social capital

C8: Human rights
C9: Access and affordability
C10: Customer welfare
C11: Customer privacy
C12: Fair disclosure
C13: Fair marketing and advertising

Human capital

C14: Labor relations
C15: Fair labor practices
C16: Workforce diversity and inclusion
C17: Employee health, safety, and well-being
C18: Compensation and benefits

Business model and innovation

C19: Product packaging
C20: Business operations
C21: Environmental and social impacts on assets
C22: Lifecycle impacts of services
C23: Product quality and safety
C24: Products and services

Leadership and governance

C25: Supply chain management
C26: Systemic risk management
C27: Accident and safety management
C28: Political influence
C29: Business ethics
C30: Regulatory capture
C31: Transparency of payments
(C32: Materials sourcing
C33: Competitive behavior

0.95

0.9

0.85

0.8

0.75 '

0 5 10

Figure 3. The number of clusters determination.

15 20 25 30
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Table 3. The selected criteria by FRST-PSO technique.

(@: Selection; ©: No Selection)

Dimension Criterion Key Factors Generated from the FRST-PSO Method
New Code Result
C1: GHG (greenhouse gas) emissions ap *
C2: Air quality - <
C3: Energy management policy as *
A C4: Fuel management - o
C5: Water and wastewater management az *
C6: Waste and hazardous materials management ay *
C7: Biodiversity impacts - O
C8: Human rights by *
C9: Access and affordability - <&
C10: Customer welfare - &
B C11: Customer privacy by *
C12: Fair disclosure b3 *
C13: Fair marketing and advertising - &
C14: Labor relations - o
C15: Fair labor practices ] .
C C16: Workforce diversity and inclusion c *
C17: Compensation and benefits - <&
C18: Employee health, safety, and well-being c3 LS
C19: Product packaging - <&
C20: Business operations - <&
D C21: Environmental and social impacts on assets d4 *
C22: Lifecycle impacts of services d; *
C23: Product quality and safety - o
C24: Products and services ds .
C25: Supply chain management e *
C26: Systemic risk management - &
C27: Accident and safety management e *
(C28: Political influence e3 *
E C29: Business ethics - <&
C30: Regulatory capture - &
C31: Transparency of payments - <&
C32: Materials sourcing - &
C33: Competitive behavior - <&
Note: A: environment; B: social capital; C: human capital; D: business model and innovation (D); E: leadership
and governance.
Table 4. Feature selection from domain experts via the FRST-PSO technique.
Feature Subset Accuracy Coverage AAC*
Subset 1: A2, A3, B1, B3, B4, C3, C4, D2, D3, D4, D6 0.86 0.83 1.69
Subset 2: A2, A3, A4, B1, B3, C1, C3, D1, D3, D4, D6 0.90 0.91 1.81
Subset 3: A1, A2, A4, B1, B3, B4, C1, C3, C4, D2, D3, D4 0.85 0.86 1.71
Subset 4: A1, A4, B1, B2, B4,C1, C2, C3, C4, D1, D5, D6 0.84 0.86 1.70
Subset 5: A1, A3, A4, B2, B4, C1, C4, D1, D3, D4, D5 0.83 0.84 1.67

* AAC: Aggregation of accuracy and coverage.
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Table 5. Sustainability reporting assessment framework for the semiconductor industry.

Dimension/Criterion

Description

Source(s)

GHG (greenhouse gas) emissions (a1)
Energy management (a5)

Water and wastewater management (a3)

Waste and hazardous materials
management (a4)

Human rights (b;)

Customer privacy (by)

Fair disclosure (b3)

Fair labor practices (c1)

Workforce diversity and inclusion (c2)

Employee health, safety, and well-being (c3)

Business operations (d;)

Product quality and security (d»)

Products and services (d3)

Supply chain management (e;)

Accident and safety management (e;)

Business ethics (e3)

Environment (A)
Measurement and announcement of carbon
dioxide emission
An optimizing energy management policy for
corporate sustainability
The supervision and management of water
and wastewater treatment systems
Assessment and adjustment of waste and
hazardous materials management
Social capital (B)

Advocacy and emphasis on human
rights protection
Any information associated with consumer
products and services is protected.

An entity can fairly disclose necessary
information to all stakeholders on the results
of operations.

Human capital (C)

Firms provide a good labor environment and
working condition for employee.
Non-discriminatory labor act and treatment
Firms focus on employee health, safety,
and well-being
Business model and innovation (D)
Environmental impact of negative products
caused by business operations
Product quality and safety are guaranteed by
the enterprise
Sustainable product and service provision
Leadership and governance (E)
Effectively manage corporate supply chain to
adapt to today’s rapidly changing and
technology-oriented business environment
Corporates provide a safety management
process for entire operation and handling
mechanisms of accidents and disasters.
Business activities take into account the
interests of society

Moses et al. [18];
Raghupathi and Raghupathi [19]

Reimsbach et al. [13]
Ike et al. [20]

Kozlowski et al. [21]

Laskar [23]; Aggarwal and Singh [24];
Antonini et al. [25]

Lambrechts et al. [26]

Tsalis et al. [27]

Mio et al. [28]; Karagiannis et al. [29];
Jestratijevic et al. [30]
GRI [9]; UN General Assembly [31]

Hsueh [33]

UN [31]; Uyar et al. [37]

Al-Shaer and Zaman [38]
Patel and Rayner [39]

Lozano and Huisingh [42];
Vieira and Radonji¢ [43]

Khan et al. [44]; Corazza et al. [45]

Kumar and Prakash [46]

The formal questionnaire was established based on Table 4 and was sent to gather

knowledge from 34 domain experts who specialize in sustainability issues, consisting of
10 CPAs from Big 4 public accounting firms (Deloitte, PricewaterhouseCoopers (PwC),
KPMG, and Ernst & Young), 14 heads of sustainability departments at semiconductor com-
panies, and 10 accounting scholars in the four first-tier cities (Beijing, Shanghai, Guangzhou,
and Shenzhen) in China (see Table 6). All self-administered survey questionnaires were
conducted through online and offline interviews that took approximately 2 h from May
2022 to December 2022. Additionally, a brief explanation on the purpose of this research
for participants was performed, and those invited submitted a pairwise comparison matrix
of the key factors with ratings on a five-point scale that ranges from 0 to 4 (from 0 [abso-
lutely no impact] to 4 [very high impact]) based on their cognitions. At the same time, a
performance questionnaire was evaluated based on the group of experts using a ten-point
scale, whereby 0 indicates very great dissatisfaction and 10 for very high satisfaction. In a
word, a total of 34 filled questionnaires were collected to serve as the basis for empirical
analysis in this study.

4.2. Analysis of Evaluation Criteria

To provide an appropriate solution, a fuzzy DEMATEL approach was conducted—
that is, the model helps achieve an influential relationship among dimensions/criteria and
constructs an INRM for better decision making.
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Based on the opinion of experts, the influence matrix by pairwise comparison is
obtained and indicates the interaction among factors. The total fuzzy direct-influence
matrix G = [gj] s achieved using Equation (8) and presented in Table 7.

Table 6. Experts’ characteristics in this experiment and evaluation format.

Category No. Job Title
1-2 A senior manager in PricewaterhouseCoopers (PwC), the Guangzhou office
34 A senior manager in KPMG, the Guangzhou office
Certified public accountants .(More than 5-6 A senior manager in Ernst & Young, the Guangzhou office
15 years of work experience)
7 A senior manager in Deloitte, the Guangzhou office
8 A senior manager in KPMG, the Guangzhou office
9 A senior manager in KPMG, the Shenzhen office
10 A senior manager in PwC, the Shenzhen office
Heads of sustainability office at 11-13 Managers of sustainability office, XX company, Guangzhou
semiconductor companies (At least 14-17 Managers of sustainability office, XX company, Shenzhen
10 years work experience on internal
auditing departments) 18-19 Managers of sustainability office, XX company, Beijing
20 A manager of sustainability office, XX company, Shanghai

Survey of the level of importance in evaluation dimensions and criteria

Dimension

Considering the important evaluation of the standard, enter 0-10
Veryunimportant € 0,1,2,...,8,9,10 -> very important

Very unimportant Unimportant Moderate |Important Very important important

Criteria

Table 8 shows the influential relationships, which include five dimensions and sixteen
key influence factors. Dimension A (Environment) gives the highest positive degree
of influence (d; —5; = 0.032), whereas dimension C (Human capital) and dimension
E (Leadership and governance) show the negative values to mean influenced by other
dimensions. For criteria, criterion a; (GHG emissions) indicates the highest value of
(0?1- —5;) among all factors, showing that this criterion has the highest influence on other
criteria, whereas criterion a3 (Water and wastewater management) has a minimum negative
value, indicating that it is easily influenced in a whole system. Additionally, we observe
the influence relationship (zfi +5;) among the criteria, showing that criterion 4; (GHG
emissions) has the highest relation at 1.192, whereas the criterion e3 (products and services)
gives the weakest relation and the value is 0.713.

INRM is drawn according to Table 8 for measuring the mutual effects between di-
mensions/ criteria, as shown in Figure 4. In Figure 4, the latitude axis (d; + 3;) stands for
the intensity of the total relationship among factors, and the longitude axis (d; — ;) stands
for the causal effects among factors. INRM presents a view of the interdependence of
the factors influencing SR quality in China’s semiconductor industry. As can be seen, the
direct impact of dimension A (Environment) is given on other dimensions; dimension C
(Human capital) also has a direct impact on dimensions B (Social capital), E (Leadership
and governance), and D (Business model and innovation). The cause group factors include
dimensions A, C, and D, whereas the effect groups are dimensions E and D. The same
effect in the individual dimensions, such as a, (GHG emissions), b3 (Fair disclosure), c3
(Employee health, safety, and well-being), d, (Product quality and safety), and e3(Supply
chain management) can be achieved for analyzing the dependent relationships among all
criteria. In other words, a corporate in the manufacturing sector aims to present a robust
SR in which these five factors should be prioritized.
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Table 7. Fuzzy influence matrix on the average values of criteria.

Criterion a3 ap a3 as by by b3 c1 c c3 dq dy ds e e e3
ap 0.131 0.180 0.178 0.176 0.177 0.176 0.166 0.174 0.179 0.169 0.176 0.175 0.179 0.168 0.181 0.175
a 0.137 0.111 0.141 0.138 0.140 0.136 0.130 0.139 0.140 0.132 0.140 0.135 0.139 0.131 0.140 0.142
as 0.128 0.133 0.106 0.127 0.131 0.132 0.127 0.128 0.135 0.126 0.131 0.133 0.133 0.125 0.135 0.132
a 0.130 0.134 0.138 0.107 0.136 0.135 0.126 0.135 0.138 0.128 0.134 0.135 0.139 0.129 0.141 0.135
by 0.123 0.129 0.127 0.127 0.103 0.128 0.120 0.126 0.134 0.124 0.127 0.125 0.131 0.115 0.131 0.127
by 0.121 0.127 0.128 0.126 0.127 0.102 0.122 0.126 0.128 0.123 0.130 0.125 0.131 0.121 0.131 0.129
b3 0.158 0.164 0.159 0.160 0.163 0.161 0.118 0.161 0.165 0.156 0.162 0.158 0.164 0.156 0.159 0.157
€1 0.124 0.130 0.131 0.128 0.130 0.127 0.122 0.102 0.131 0.120 0.135 0.129 0.138 0.123 0.136 0.130
1) 0.129 0.134 0.132 0.129 0.132 0.128 0.116 0.122 0.107 0.137 0.131 0.136 0.140 0.126 0.139 0.136
c3 0.159 0.166 0.166 0.157 0.167 0.163 0.157 0.161 0.165 0.121 0.165 0.160 0.165 0.156 0.165 0.158
dy 0.119 0.123 0.125 0.126 0.125 0.124 0.114 0.118 0.122 0.120 0.099 0.121 0.125 0.114 0.122 0.124
dy 0.145 0.153 0.153 0.150 0.152 0.150 0.140 0.142 0.151 0.140 0.144 0.116 0.149 0.140 0.152 0.148
ds 0.120 0.124 0.126 0.122 0.124 0.121 0.115 0.122 0.120 0.112 0.117 0.122 0.100 0.116 0.123 0.121
e1 0.155 0.159 0.161 0.156 0.159 0.158 0.152 0.159 0.162 0.148 0.155 0.159 0.161 0.117 0.162 0.158
e 0.121 0.124 0.122 0.119 0.123 0.120 0.112 0.122 0.124 0.116 0.123 0.123 0.126 0.117 0.101 0.125
e3 0.123 0.125 0.129 0.125 0.125 0.125 0.119 0.125 0.128 0.121 0.121 0.126 0.130 0.117 0.133 0.101

Table 8. Cause (dj- ) and effect (5; ) values among dimensions and criteria.

Dimension/Criterion Row Sum (d;) Column Sum (s;) d; +3; d; —5;
Environment (A) 0.714 0.682 1.396 0.032
GHG (greenhouse gas) emissions (a1) 0.666 0.527 1.192 0.139
Energy management policy (a2) 0.526 0.558 1.084 —0.032
Water and wastewater management (a3) 0.495 0.562 1.057 —0.068
Waste and hazardous materials management (a4) 0.509 0.562 1.072 —0.053
Social capital (B) 0.678 0.669 1.348 0.009
Human rights (b;) 0.351 0.393 0.743 —0.042
Customer privacy (by) 0.351 0.391 0.742 —0.041
Fair disclosure (b3) 0.442 0.360 0.802 0.083
Human capital (C) 0.693 0.673 1.366 0.020
Fair labor practices (c1) 0.353 0.386 0.738 —0.033
Workforce diversity and inclusion (c7) 0.366 0.402 0.768 —0.036
Employee health, safety, and well-being (c3) 0.447 0.378 0.826 0.069
Business model and innovation (D) 0.639 0.687 1.326 —0.047
Business operations (d1) 0.345 0.360 0.704 —0.015
Product quality and safety (d») 0.408 0.359 0.768 0.049
Products and services (d3) 0.339 0.373 0.713 —0.034
Leadership and governance (E) 0.663 0.677 1.340 —0.013
Supply chain management (e;) 0.437 0.352 0.789 0.086
Accident and safety management (e;) 0.343 0.396 0.739 —0.053

Business ethics (e3) 0.352 0.385 0.737 —0.033
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Figure 4. The INRM of influential relationships among factors.

5. Discussion

According to Figure 4, the results of fuzzy DEMATEL, the cause—effect relation be-
tween system and sub-systems, are visualized for identifying SR in the semiconductor
sector. As such, we prioritize the aspects in the following order: environment (A), human
capital (C), social capital (B), leadership and governance (E), and business model and
innovation (D). Specifically, environment is a top-priority direction of optimizing SR in
the semiconductor industry in China, because this activity affects other potential activities
directly or indirectly to create a double effect of problem solving. Mio et al. [28] noted
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that an environment factor is important for sustainability disclosures, so that environment
sustainability issues have received a great deal of attention around the world. Enhance-
ment of a corporate environmental strategy does not merely improve SR quality, but also
helps a firm gain a competitive advantage in the market [69]. Similarly, de Villiers and
van Staden [70] conducted an analysis to indicate that investors and shareholders require
a certain quality of environmental information disclosure of corporates for facilitating
value enhancement.

In the context of global warming, the responsibility for and protection of the environ-
ment is the foundation for sustainability value creation [71]. Oware and Awunyo-Vitor [72]
suggested that the growing awareness of environmental responsibilities has become a
global consensus, but open and transparent environmental information is a necessary
condition for the composition of SR. According to a Brundtland report in 1987 [73], the
environmental protection activities should be considered in SR, and are more likely to lead
to the promotion of environment sustainability and an increase in firm value [74]. Such
a concept of environmental sustainability has been valued and promoted by many inter-
national institutions after that, such as in the GRI framework. Management of companies
should therefore understand that a well-structured environmental practice is important and
should build environmental indicators into their SR [75]. At the top, global environmental
issues are escalating stakeholders’ concerns towards corporate sustainability disclosure for
safeguarding their interests [76].

We can similarly see from Table 8 that GHG (greenhouse gas) emissions (a1) are said
to have the highest value of influence relation on other criteria. More specifically, it means
that “GHG (Greenhouse gas) emissions” is the highly prioritized criterion when a firm
intends to construct a SR. A company operating in Canada was required to report its GHG
emissions based on Nazari et al. [77], who showed that GHG emissions are associated
with enhanced SR, because of external pressures on corporate environmental protection
and social responsibility. According to the World Resources Institute (WRI) and the World
Business Council on Sustainable Development (WBCSD), the greenhouse gas protocol has
been formulated and integrated into an environmental sustainability framework to show
that corporates are socially and environmentally responsible by adhering to sustainable
reporting practices [78]. Chung and Cho [79] noted that a series of actions and initiatives
are included in the environmental, social, and economic aspects of enterprises, which are
inseparably related to GHG emissions.

Supply chain management is the second highest contributor among the criteria and a
significant driver of leadership and governance (dimension E). In fact, SR issued by the
manufacturing industry since 2003 has clearly disclosed supply chain information [25].
Bové and Swartz [80] indicated that supply chain management captures a key area for
improvements to the environmental and social impacts of company activities, and is
a necessary component of SR. Effective supply chain management not only involves
manufacturing enterprise operations, but also helps strengthen the promotion of SR [81].
When creating SR, it is expected that a firm discloses supply chain operations to a variety of
stakeholders, which is of critical importance for corporates to increase the achievement of
their sustainable development. Therefore, supply chain management should be taken into
account when determining the quality of SR during the process of achieving sustainable
development. The results of this study provide a reference framework for the effectiveness
and efficiency of SR in the semiconductor sector.

6. Conclusions

Using a SASB framework, this study makes several important contributions and
extensions to the sustainability development and information disclosure literature. First,
this paper extends prior studies based on the semiconductor industry in general and China
in particular, as they mainly focus on the construction and disclosure of SR. Second, the
comprehensive factors of SR in the semiconductor industry are considered and introduced
into the evaluation model. To overcome information overload and concentrate on the most
significant factors, the FRST-PSO hybrid algorithm is adopted. That is, the FRST-PSO is
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applied to preliminarily filter the essential criteria among all criteria. We then use the
fuzzy DEMATEL model to enable the prioritization of the selected criteria in considering
their mutual relationship. A cause-and-effect analysis among criteria is conducted in
accordance with the results received from fuzzy DEMATEL. It is easy to realize the essence
of SR for corporates in the semiconductor industry via these results. It provides empirical
findings to policymakers in China and other emerging markets that have already drawn
up sustainability disclosure and are considering SR in their respective contexts. The
importance of dimensions’ influence by using the fuzzy DEMATEL provides the priority
ranking as follows: environment, human capital, social capital, leadership and governance,
and business model and innovation. GHG (greenhouse gas) emissions are the main core
component of SR disclosure, which means firms must specifically strengthen this factor to
improve their SR quality. Findings from the study help decision-makers as a benchmark
for supporting practical actions and implementing them in different regions of the world.

This study contributes to the literature of the semiconductor industry in China, it also
faces some challenges that need to be solved. Questionnaires are based on the experts’
opinion from China, and other countries might give different views. The bio-inspired
meta-heuristic optimization methods, such as artificial rabbits optimization [82], could
provide a robust and reliable analysis. Additionally, multi-criteria group decision making
for analyzing the hierarchy process [83] may have greater flexibility to handle data with
fuzzy information and identify specific directions for semiconductor sectors.

Author Contributions: Conceptualization, J.-B.W. and G.-H.W.; methodology, validation and formal
analysis, C.-Y.O.; writing—original draft preparation, C.-Y.O.; writing—review and editing, ].-B.W.;
visualization, and su-pervision, G.-H.W. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Data is unavailable due to privacy.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Piitter, ]. M. Corporate Sustainability Reporting: Summary and Conclusions. In Sustainability Reporting in Central and Eastern
European Companies; Horvath, P, Piitter, ]., Eds.; MIR Series in International Business; Springer: Cham, Switzerland, 2017.

2. KPMG, The Road Ahead. In The KPMG Survey of Corporate Responsibility Reporting; KPMG: Amsterdam, The Netherlands, 2017.

3. KPMG, The Time has Come. In The KPMG Survey of Sustainability Reporting; KPMG: Amsterdam, The Netherlands, 2020.

4. Larrinaga, C.; Bebbington, ]. The pre-history of sustainability reporting: A constructivist reading. Account. Audit. Account. J. 2021,
34, 162-181. [CrossRef]

5. Johari, J.; Komathy, M. Sustainability reporting and firm performance: Evidence in Malaysia. Int. ]. Account. Financ. Bus. 2019,
4,32-45.

6.  SASB. The State of Disclosure 2017: An Analysis of the Effectiveness of Sustainability Disclosure in SEC Filings. 2017. Available
online: https://www.sasb.org/knowledge-hub /state-of-disclosure-2017/ (accessed on 1 December 2017).

7.  Jorgensen, S.; Mjos, A.; Pedersen, L.J.T. Sustainability reporting and approaches to materiality: Tensions and potential resolutions.
Sustain. Account. Manag. Policy ]. 2022, 13, 341-361. [CrossRef]

8.  Emeka-Nwokeji, N.A.; Osisioma, B.C. Sustainability Disclosures and Market Value of Firms in Emerging Economy: Evidence
from Nigeria. Eur. |. Account. Audit. Financ. Res. 2019, 7, 1-19.

9.  Global Reporting Initiative (GRI) and Sustainability Accounting Standards Board (SASB). A Practical Guide to Sustainability
Reporting Using GRI and SASB Standards; GRI, Amsterdam and SASB: San Francisco, CA, USA, 2021.

10. SASB. Sustainability Framework. 2021. Available online: https:/ /www.sasb.org/standards/materiality-map /#:~{}:Text=in%20
developing%20its%20standards%2c%20the (accessed on 1 December 2017).

11. Rodriguez, A.; Cotran, H.; Stewart, L.S. Evaluating the effectiveness of sustainability disclosure: Findings from a recent SASB
study. J. Appl. Corp. Financ. 2017, 29, 100-108. [CrossRef]

12.  Baumiiller, J.; Sopp, K. Double materiality and the shift from non-financial to European sustainability reporting: Review, outlook

and implications. J. Appl. Account. Res. 2022, 23, 8-28. [CrossRef]


http://doi.org/10.1108/AAAJ-03-2017-2872
https://www.sasb.org/knowledge-hub/state-of-disclosure-2017/
http://doi.org/10.1108/SAMPJ-01-2021-0009
https://www.sasb.org/standards/materiality-map/#:~{}:Text=in%20developing%20its%20standards%2c%20the
https://www.sasb.org/standards/materiality-map/#:~{}:Text=in%20developing%20its%20standards%2c%20the
http://doi.org/10.1111/jacf.12237
http://doi.org/10.1108/JAAR-04-2021-0114

Sustainability 2023, 15, 1929 17 of 19

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Reimsbach, D.; Schiemann, F.; Hahn, R.; Schmiedchen, E. In the Eyes of the Beholder: Experimental Evidence on the Contested
Nature of Materiality in Sustainability Reporting. Organ. Environ. 2019, 33, 624-651. [CrossRef]

Christensen, H.B.; Hail, L.; Leuz, C. Mandatory CSR and sustainability reporting: Economic analysis and literature review. Rev.
Account. Stud. 2021, 26, 1176-1248. [CrossRef]

Swarnapali, R. Consequences of corporate sustainability reporting: Evidence from an emerging market. Int. J. Law Manag. 2020,
62, 243-265. [CrossRef]

Hsu, MLE; Chang, C.; Zeng, ]. Automated text mining process for corporate risk analysis and management. Risk Manag. 2022,
24,386-419. [CrossRef]

Orazalin, N.; Mahmood, M. Economic, environmental, and social performance indicators of sustainability reporting: Evidence
from the Russian oil and gas industry. Energy Policy 2018, 121, 70-79. [CrossRef]

Moses, E.; Che-Ahmad, A.; Abdulmalik, S.O. Board governance mechanisms and sustainability reporting quality: A theoretical
framework. Cogent Bus. Manag. 2020, 7, 1771075. [CrossRef]

Raghupathi, V.; Raghupathi, W. Corporate sustainability reporting and disclosure on the web: An exploratory study. Inf. Resour.
Manag. |. 2019, 32, 1-27. [CrossRef]

Ike, M.; Donovan, ].D.; Topple, C.; Masli, E.K. Corporate sustainability reporting in Japanese multinational enterprises: A threat
to local legitimacy or an opportunity lost for corporate sustainability practices? Multinatl. Bus. Rev. 2022, 30, 127-151. [CrossRef]
Kozlowski, A.; Searcy, C.; Bardecki, M. Corporate sustainability reporting in the apparel industry: An analysis of indicators
disclosed. Int. J. Product. Perform. Manag. 2015, 64, 377-397. [CrossRef]

Millar, E.; Searcy, C. The presence of citizen science in sustainability reporting. Sustain. Account. Manag. Policy J. 2020,
11, 31-64. [CrossRef]

Laskar, N. Impact of corporate sustainability reporting on firm performance: An empirical examination in Asia. J. Asia Bus. Stud.
2018, 12, 571-593. [CrossRef]

Aggarwal, P; Singh, A K. CSR and sustainability reporting practices in India: An in-depth content analysis of top-listed companies.
Soc. Responsib. ]. 2019, 15, 1033-1053. [CrossRef]

Antonini, C.; Beck, C.; Larrinaga, C. Subpolitics and sustainability reporting boundaries. The case of working conditions in global
supply chains. Account. Audit. Account. J. 2020, 33, 1535-1567. [CrossRef]

Lambrechts, W.; Son-Turan, S.; Reis, L.; Semeijn, J. Lean, Green and Clean? Sustainability Reporting in the Logistics Sector.
Logistics 2019, 3, 3. [CrossRef]

Tsalis, T.A.; Malamateniou, K.E.; Koulouriotis, D.; Nikolaou, I.E. New challenges for corporate sustainability reporting: United
Nations’ 2030 Agenda for sustainable development and the sustainable development goals. Corp. Soc. Responsib. Environ. Manag.
2020, 27, 1617-1629. [CrossRef]

Mio, C.; Fasan, M.; Costantini, A. Materiality in integrated and sustainability reporting: A paradigm shift? Bus. Strategy Environ.
2020, 29, 306-320. [CrossRef]

Karagiannis, I.; Vouros, P.; Skouloudis, A.; Evangelinos, K. Sustainability reporting, materiality, and accountability assessment in
the airport industry. Bus. Strategy Environ. 2019, 28, 1370-1405. [CrossRef]

Jestratijevic, I.; Uanhoro, J.O.; Creighton, R. To disclose or not to disclose? Fashion brands’ strategies for transparency in sustainability
reporting, J. Fash. Mark. Manag. 2022, 26, 36-50.

UN General Assembly. Transforming Our World: The 2030 Agenda for Sustainable Development, 2 June 2022. 2015. Available
online: https://undocs.org/en/A/RES/70/1 (accessed on 1 December 2017).

Piecyk, ML.L; Bjorklund, M. Logistics service providers and corporate social responsibility: Sustainability reporting in the logistics
industry. Int. |. Phys. Distrib. Logist. Manag. 2015, 45, 459-485. [CrossRef]

Hsueh, J.W.J. Governance Structure and the Credibility Gap: Experimental Evidence on Family Businesses” Sustainability
Reporting. J. Bus. Ethics 2018, 153, 547-568. [CrossRef]

Azevedo, S.; Barros, M. The application of the triple bottom line approach to sustainability assessment: The case study of the UK
automotive supply chain. . Ind. Eng. Manag. 2017, 10, 286-322. [CrossRef]

Lemus-Aguilar, I.; Morales-Alonso, G.; Ramirez-Portilla, A.; Hidalgo, A. Sustainable business models through the lens of
organizational design: A systematic literature review. Sustainability 2019, 11, 5379. [CrossRef]

Demirkan, C.P,; Smith, N.M.; Duzgun, H.S.; Waclawski, A. A data-driven approach to evaluation of sustainability reporting
practices in extractive industries. Sustainability 2021, 13, 8716. [CrossRef]

Uyar, A.; Karaman, A.S; Kilic, M. Institutional drivers of sustainability reporting in the global tourism industry. Tour. Econ. 2021,
27,105-128. [CrossRef]

Al-Shaer, H.; Zaman, M. CEO Compensation and Sustainability Reporting Assurance: Evidence from the UK. . Bus. Ethics 2019,
158, 233-252. [CrossRef]

Patel, T.; Rayner, S. A Transactional culture analysis of corporate sustainability reporting practices: Six examples from India. Bus.
Soc. 2015, 54, 283-321. [CrossRef]

Adams, C.A. Sustainability reporting and performance management in universities: Challenges and benefits. Sustainability
Accounting. Manag. Policy ]. 2013, 4, 384-392.

Maroun, W.; Coldwell, D.; Segal, M. SOX and the transition from apartheid to democracy: South African auditing developments
through the lens of modernity theory. Int. J. Audit. 2014, 18, 206-212. [CrossRef]


http://doi.org/10.1177/1086026619875436
http://doi.org/10.1007/s11142-021-09609-5
http://doi.org/10.1108/IJLMA-12-2017-0294
http://doi.org/10.1057/s41283-022-00099-6
http://doi.org/10.1016/j.enpol.2018.06.015
http://doi.org/10.1080/23311975.2020.1771075
http://doi.org/10.4018/IRMJ.2019010101
http://doi.org/10.1108/MBR-06-2020-0129
http://doi.org/10.1108/IJPPM-10-2014-0152
http://doi.org/10.1108/SAMPJ-01-2019-0006
http://doi.org/10.1108/JABS-11-2016-0157
http://doi.org/10.1108/SRJ-03-2018-0078
http://doi.org/10.1108/AAAJ-09-2019-4167
http://doi.org/10.3390/logistics3010003
http://doi.org/10.1002/csr.1910
http://doi.org/10.1002/bse.2390
http://doi.org/10.1002/bse.2321
https://undocs.org/en/A/RES/70/1
http://doi.org/10.1108/IJPDLM-08-2013-0228
http://doi.org/10.1007/s10551-016-3409-y
http://doi.org/10.3926/jiem.1996
http://doi.org/10.3390/su11195379
http://doi.org/10.3390/su13168716
http://doi.org/10.1177/1354816619886250
http://doi.org/10.1007/s10551-017-3735-8
http://doi.org/10.1177/0007650312445132
http://doi.org/10.1111/ijau.12025

Sustainability 2023, 15, 1929 18 of 19

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.
67.

68.

69.

70.

71.

72.

73.

Lozano, R.; Huisingh, D. Inter-linking issues and dimensions in sustainability reporting. J. Clean. Prod. 2011,
19, 99-107. [CrossRef]

Vieira, A.P.; Radonji¢, G. Disclosure of eco-innovation activities in European large companies’ sustainability reporting. Corp. Soc.
Responsib. Environ. Manag. 2020, 27, 2240-2253. [CrossRef]

Khan, H.Z.; Bose, S.; Mollik, A.T.; Harun, H. “Green washing” or “authentic effort”? An empirical investigation of the quality of
sustainability reporting by banks. Account. Audit. Account. ]. 2021, 34, 338-369. [CrossRef]

Corazza, L.; Truant, E.; Scagnelli, S.D.; Mio, C. Sustainability reporting after the Costa Concordia disaster: A multi-theory study
on legitimacy, impression management and image restoration. Account. Audit. Account. J. 2020, 33, 1909-1941. [CrossRef]
Kumar, K.; Prakash, A. Examination of sustainability reporting practices in Indian banking sector. Asian J. Sustain. Soc. Responsib.
2019, 4, 2. [CrossRef]

Jensen, R.; Parthaldin, N.M. Towards scalable fuzzy-rough feature selection. Inf. Sci. 2015, 323, 1-15. [CrossRef]

Radzikowska, A.M.; Kerre, E.E. A comparative study of fuzzy rough sets. Fuzzy Sets Syst. 2002, 126, 137-155. [CrossRef]
Jensen, R.; Shen, Q. New approaches to fuzzy—rough feature selection. IEEE Trans. Fuzzy Syst. 2009, 17, 824-838. [CrossRef]
Jensen, R.; Tuson, A.; Shen, Q. Finding rough and fuzzy-rough set reducts with SAT. Inf. Sci. 2015, 255, 100-120. [CrossRef]
Gheyas, I.A.; Smith, L.S. Feature subset selection in large dimensionality domains. Pattern Recognit. 2010, 43, 5-13. [CrossRef]
Chen, L.E; Su, C.T.; Chen, K.H.; Wang, P.C. Particle swarm optimization for feature selection with application in obstructive sleep
apnea diagnosis. Int. J. Neural Comput. Appl. 2012, 21, 2087-2096. [CrossRef]

Kennedy, J.; Eberhart, R.C. Particle swarm optimization. In Proceedings of the IEEE International Conference on Neural Networks,
Perth, Australia, 27 November-1 December 1995; pp. 1942-1948.

Inbarani, H.H.; Azar, A.T.; Jothi, G. Supervised hybrid feature selection based on PSO and rough sets for medical diagnosis.
Comput. Methods Programs Biomed. 2014, 113, 175-185. [CrossRef] [PubMed]

Gabus, A.; Fontela, E. World Problems, an Invitation to Further Thought within the Framework of DEMATEL; Battelle Geneva Research
Centre: Geneva, Switzerland, 1972.

Gabus, A.; Fontela, E. Perceptions of the World Problematique: Communication Procedure, Communicating with Those Bearing Collective
Responsibility; Battelle Geneva Research Centre: Geneva, Switzerland, 1973; Volume 1.

Opricovic, S.; Tzeng, G.H. Compromise solution by MCDM methods: A comparative analysis of VIKOR and TOPSIS. Eur. J. Oper.
Res. 2004, 156, 445-455. [CrossRef]

Tan, T,; Mills, G.; Papadonikolaki, E.; Liu, Z. Combining multi-criteria decision making (MCDM) methods with building
information modelling (BIM): A review. Autom. Constr. 2021, 121, 103451. [CrossRef]

Hu, K.H.; Chen, ES.; Hsu, M.F;; Tzeng, G.H. Construction of an Al-driven risk management framework for financial service firms
using the MRDM approach. Int. |. Inf. Technol. Decis. Mak. 2021, 20, 1037-1069. [CrossRef]

Farooque, M.; Jain, V.; Zhang, A ; Li, Z. Fuzzy DEMATEL analysis of barriers to Blockchain-based life cycle assessment in China.
Comput. Ind. Eng. 2020, 147, 106684. [CrossRef]

Biiyiikozkan, G.; Cifci, G. A novel hybrid MCDM approach based on fuzzy DEMATEL, fuzzy ANP and fuzzy TOPSIS to evaluate
green suppliers. Expert Syst. Appl. 2012, 39, 3000-3011. [CrossRef]

Chang, B.; Chang, CW.; Wu, C.H. Fuzzy DEMATEL method for developing supplier selection criteria. Expert Syst. Appl. 2011,
38, 1850-1858. [CrossRef]

Jeng Don, J.E. Generating a causal model of supply chain collaboration using the fuzzy DEMATEL. Comput. Ind. Eng. 2015,
87,283-295. [CrossRef]

Acufna-Carvajal, F,; Pinto-Tarazona, L.; Lépez-Ospina, H.; Barros-Castro, R.; Quezada, L.; Palacio, K. An integrated method to
plan, structure and validate a business strategy using fuzzy DEMATEL and the balanced scorecard. Expert Syst. Appl. 2019,
122, 351-368. [CrossRef]

Govindan, K.; Nasr, A.K.; Karimi, F.; Mina, H. Circular economy adoption barriers: An extended fuzzy best-worst method using
fuzzy DEMATEL and Supermatrix structure. Bus. Strategy Environ. 2022, 31, 1566-1586. [CrossRef]

Zadeh, L.A. Fuzzy logic and approximate reasoning. Synthese 1975, 30, 407-428. [CrossRef]

Opricovic, S.; Tzeng, G.H. Defuzzification within a multicriteria decision model. Int. |. Uncertain. Fuzziness Knowl.-Based Syst.
2003, 11, 635-652. [CrossRef]

Thangavel, K.; Shen, Q.; Pethalakshmi, A. Application of Clustering for Feature Selection Based on Rough Set Theory Approach.
AIML J. 2006, 6, 19-27.

Girén, A.; Kazemikhasragh, A.; Cicchiello, A.F,; Panetti, E. Sustainability reporting and firms” economic performance: Evidence
from Asia and Africa. . Knowl. Econ. 2021, 12, 1741-1759. [CrossRef]

de Villiers, C.; van Staden, C.J. Shareholders’ requirements for corporate environmental disclosures: A cross country comparison.
Br. Account. Rev. 2010, 42, 227-240. [CrossRef]

Lai, EW.; Shad, M.K,; Shah, S.Q.A. Conceptualizing corporate sustainability reporting and risk management towards green
growth in the Malaysian oil and gas industry. In SHS Web of Conferences; EDP Sciences: Les Ulis, France, 2021; Volume 124,
p- 04001.

Oware, K.M.; Awunyo-Vitor, D. CEO characteristics and environmental disclosure of listed firms in an emerging economy: Does
sustainability reporting format matter? Bus. Strategy Dev. 2021, 4, 399-410. [CrossRef]

Keeble, B.R. The Brundtland report: ‘Our common future’. Med. War 1988, 4, 17-25. [CrossRef]


http://doi.org/10.1016/j.jclepro.2010.01.004
http://doi.org/10.1002/csr.1961
http://doi.org/10.1108/AAAJ-01-2018-3330
http://doi.org/10.1108/AAAJ-05-2018-3488
http://doi.org/10.1186/s41180-018-0022-2
http://doi.org/10.1016/j.ins.2015.06.025
http://doi.org/10.1016/S0165-0114(01)00032-X
http://doi.org/10.1109/TFUZZ.2008.924209
http://doi.org/10.1016/j.ins.2013.07.033
http://doi.org/10.1016/j.patcog.2009.06.009
http://doi.org/10.1007/s00521-011-0632-4
http://doi.org/10.1016/j.cmpb.2013.10.007
http://www.ncbi.nlm.nih.gov/pubmed/24210167
http://doi.org/10.1016/S0377-2217(03)00020-1
http://doi.org/10.1016/j.autcon.2020.103451
http://doi.org/10.1142/S0219622021500279
http://doi.org/10.1016/j.cie.2020.106684
http://doi.org/10.1016/j.eswa.2011.08.162
http://doi.org/10.1016/j.eswa.2010.07.114
http://doi.org/10.1016/j.cie.2015.05.007
http://doi.org/10.1016/j.eswa.2019.01.030
http://doi.org/10.1002/bse.2970
http://doi.org/10.1007/BF00485052
http://doi.org/10.1142/S0218488503002387
http://doi.org/10.1007/s13132-020-00693-7
http://doi.org/10.1016/j.bar.2010.08.002
http://doi.org/10.1002/bsd2.166
http://doi.org/10.1080/07488008808408783

Sustainability 2023, 15, 1929 19 of 19

74.

75.

76.
77.

78.

79.

80.
81.

82.

83.

Van Linh, N.; Hung, D.N.; Binh, T.Q. Relationship between sustainability reporting and firm’s value: Evidence from Vietnam.
Cogent Bus. Manag. 2022, 9, 2082014. [CrossRef]

Sanusi, K.A.; Sanusi, O. Environmental sustainability reporting practices in Nigeria: Are clouds darker or fairer in the manufac-
turing industry? Int. J. Soc. Sci. Humanit. Stud. 2019, 11, 39-60.

Gopal, B.V. Sustainability reporting practices in India: Employee perspectives. |. Commer. Account. Res. 2021, 10, 52-57.

Nazari, J.A.; Herremans, I.M.; Warsame, H.A. Sustainability reporting: External motivators and internal facilitators. Corp. Gov.
2015, 15, 375-390. [CrossRef]

Wilson, M.C. A critical review of environmental sustainability reporting in the consumer goods industry: Greenwashing or good
business? J. Manag. Sustain. 2013, 3, 1. [CrossRef]

Chung, J.; Cho, C. Current trends within social and environmental accounting research: A literature review. Account. Perspect.
2018, 17,207-239. [CrossRef]

Bové, A.; Swartz, S. Starting at the source: Sustainability in supply chains. McKinsey Sustain. Resour. Product. 2016, 4, 36—43.
Bunclark, L.; Barcellos-Paula, L. Sustainability reporting for sustainable supply chain management in Peru. Sustain. Prod. Consum.
2021, 27, 1458-1472. [CrossRef]

Wang, L.; Cao, Q.; Zhang, Z.; Mirjalili, S.; Zhao, W. Artificial rabbits optimization: A new bio-inspired meta-heuristic algorithm
for solving engineering optimization problems. Eng. Appl. Artif. Intell. 2022, 114, 105082. [CrossRef]

Efe, B. An integrated fuzzy multi criteria group decision making approach for ERP system selection. Appl. Soft Comput. 2016,
38, 106-117. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1080/23311975.2022.2082014
http://doi.org/10.1108/CG-01-2014-0003
http://doi.org/10.5539/jms.v3n4p1
http://doi.org/10.1111/1911-3838.12171
http://doi.org/10.1016/j.spc.2021.03.013
http://doi.org/10.1016/j.engappai.2022.105082
http://doi.org/10.1016/j.asoc.2015.09.037

	Introduction 
	Evaluation Matrix of Sustainability Reporting 
	Environment 
	Social Capital 
	Human Capital 
	Business Model and Innovation 
	Leadership and Governance 

	Research Methodology 
	Fuzzy Rough Set Theory-Based Particle Swarm Optimization (FRST-PSO) 
	The Fuzzy DEMATEL 

	Data Analysis 
	Questionnaire Development 
	Analysis of Evaluation Criteria 

	Discussion 
	Conclusions 
	References

